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ABSTRACT. This study investigates the configuration of sedimentary basin in Lampung area, the southeastern part
of the Sumatra Island, using integrated gravity and seismic data. This research aims to enhance the understanding of
sedimentary basin structures, focusing on the identification and delineation of sub-basins, basement highs, and fault
systems. Gravity data analysis, including Bouguer anomaly mapping and spectral analysis, was used to estimate the depth
of sedimentary layers and the configuration of the basement. Seismic data provided direct observations of subsurface
reflectors, aiding in the identification of fault structures and stratigraphic continuity. The integration of both datasets
allowed for the creation of a detailed geological model of the basin, supported by well log data from wells LPG-1, LPG-2,
and LPG-3.

The study identified seven major sedimentary sub-basins, among which are Negara Batin, Menggala, East Menggala,
Terbanggi, Metro, and Kotabumi. Forward modeling results indicate that the Terbanggi sub-basin is the deepest, with a
maximum depth of approximately 3 kilometers. The presence of volcanic material, particularly tuffaceous sandstone and
tuff breccia in the Lower Lahat and Baturaja formations, was confirmed through well and seismic data, highlighting the
interaction between volcanic and sedimentary processes in the basin’s evolution. This integrated approach provides a
more accurate understanding of the basin’s geometry and structural features, offering valuable insights into the tectonic
history of the region.

The findings contribute to future geological studies and exploration efforts, demonstrating the effectiveness of com-
bining gravity and seismic data in analyzing complex subsurface environments.
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UAEHTU®HUKAILIAA OCAZIOYHOT0 BACCEMHA JIAMITYHT
(I0ro-BOCTOYHASA YACTD o. CYMATPA) C IOMOILIbIO TPABUTALIMOHHOI'O
MOJE/IMPOBAHUA U UHTEPIIPETAIIUY CEHCMHUYECKHX IAHHBIX

J.P. de6puancany'?, C. Xyceiin!, C.C. CypakoHo'

!Yuuepcuret 'apka Maja, 55111-55792, /IxkokbsakapTa, MH0He3ust
2CyMaTpUHCKUIN TEXHOJIOTUYECKUH HHCTUTYT, 35365, F0xkHbI# JlamnyHr, UHA0He3us

AHHOTAILIMA. /laHHOe HcciejoBaHMe HAllpaB/ieHO Ha U3y4YyeHHe KOHPUTYpaluK 0cafloyHOro 6acceiiHa B IPOBHH-
nuu JIaMIyHT, HaxofsIelcsl B I0ro-BOCTOYHOM yactu o. CymaTpa. Llesib JAHHOTO HCCIeIOBaHUs COCTOUT B TOM, UTOObI
yrJayOUTh NOHUMaHUe CTPYKTYPhI 0Cal0YHbIX 6aCcCEHHOB, KOHLEHTPUPYSCh IIPU 3TOM Ha BbISIBJEHUH U BblJl€JI€EHUU
cy66acceitHOB, BBICTYIIOB QyHZaMeHTa U CUCTeM pas3JioMoB. [l onpe/esieHus: I1yOUHbI 3a/1eTaHUs 0Ca/l0YHBIX CJI0€B
Y koHbUrypanuy GyHjaMeHTa UCI0/Ib30BaJICS aHAJNN3 FPaBUMeTPUYECKUX JaHHbBIX, BKJIIOUasi KApTUPOBaHHUE aHOMa-
Jaui Byre u ciekTpasibHbIN aHanu3. CelicMUyecKkre JaHHble 06eCeYu/IM BO3MOXKHOCTD [TPOBe/IeHHs HeloCpe/[CTBEH-
HbIX HabJII0/leHUH 3a norpe6eHHbIMU OTPaKALUMMH TOBEPXHOCTSIMH, TEM CaMbIM ITOMOTasi BbISIBJISATb Pa3JIOMHbIE
CTPYKTYPBI ¥ CTpAaTUTpadHUUIECKYI0 HENPEePbIBHOCTb. HTerpanus JaHHbIX 06eUX IPYII C/ies1a1a BO3MOXKHBIM CO3/laHHe
JleTaJIbHOU reoiornyeckoi MoziesiM 6acceiiHa 1o pesysnbTaTaM KapoTaka ckBaxkuH LPG-1, LPG-2, u LPG-3.

B xoze uccieoBaHUsA ObIJIO BbISIBJIEHO CEMb OCHOBHBIX CEIUMEHTALMOHHBIX Cy00acceiHOB, TaKUX Kak Herapa
batuH, Menrraia, Boctounas MeHrrana, Tep6anrru, Metpo u Kotabymu. CorsiacHo pesysnbTaTaM MoJeIMPOBaHUS,
CaMbIM IJIyGOKUM siBJIsieTcs cy66aceiiH Tep6aHITH, MaKCUMaJibHas IJIybHMHA KOTOPOTO COCTaBJIsieT NPUOBIU3UTENb-
HO TPH KuJoMeTpa. [IpucyTcTBUe ByJIKAHUYECKOTO MaTepHaJia, B YaCTHOCTU TydonecyaHUuKa U TYPoOpeKIUH B OT-
JIOXKEHUSIX HMPKHeH 4acTH cBUTHI JlaXaT M B OTJIOXKEHUSAX CBUTHI baTypa/ika, 6b1/10 MOATBEPXKJEHO CKBAXKUHHBIMU U
CeMCMHUYEeCKHMMHU JaHHBIMY, IOJAYEePKUBAIOLIMMU B3aUMO/eCTBUE MEX/AY BYJIKAHUYECKUMU U CeJUMEeHTAlMOHHBIMU
MpOoLeccCaMU B X0/ie 3BOJIIOIMU 6acceriHa. Takol KOMILJIEKCHBIN MOAX0/ o6ecredrBaeT 60Jiee TOYHOEe TOHUMAaHUe reo-
MEeTPHUHU U CTPYKTYPHBIX 0CO6eHHOCTel 6acceiiHa, 03BOJIAS MOJYYUTh IleHHbIe CBeJJeHUSI 0 TEKTOHMYECKON HCTOPUHU
pervosa.

[Tony4yeHHble pe3yJbTaThl CIIOCOOCTBYIOT NPOBEJEHUIO JaIbHENIUX re0JI0OTMYeCKUX UCCIeJOBaHUM U reoJioropas-
BeJJOYHBIX paboT, 1eMOHCTPUPYS 3P PEeKTUBHOCTL 06'beJUHEHUS TPABUMETPHUYECKUX U CECMUYECKUX JAaHHBIX NIPU
aHaJIM3e CJI0XKHBIX NOANOBEPXHOCTHBIX CpPeJ.

KJ/IDYEBBIE CJIOBA: /laMnyHTr; TpaBUMeTpUYECKHUE AAHHbIE; ceiCMUYecKass HHTepnpeTanus; KOHQUrypamnus
6acceiiHa; Mo/le/IMpOBaHHUeE

®UHAHCHUPOBAHHME: VccienoBaHue NpoBeieHO PHU nojaepkke CyMaTPHUHCKOTO TEXHOJOTUYECKOTO UHCTUTYTA

B KOHTEKCTe IIporpaMMbI JOKTOPCKHX CTHHGHLLPII:I.

1. INTRODUCTION

The South Sumatra Basin, a Tertiary hydrocarbon-pro-
ducing basin on the Sumatra’s east coast, extends into
Lampung province [Amin et al,, 1993; Gafoer et al., 1993;
Kusnama, Panggabean, 2009; Panggabean, Santy, 2012;
Pulunggono, 1992; Williams et al., 1995; Wiyanto et al,,
2009]. Recent findings indicate that it is bounded by the
Saka and Lampung highlands, discontinuing in southern
Lampung [Sedimentary Basin..., 2022].

Horsts and grabens within the South Sumatra Basin con-
tain rift deposits of the Lahat and Lemat formations, formed
in fluvial to lacustrine environments during the Middle
Eocene - Late Oligocene [Barber et al., 2005; Sarjono, Sar-
djito, 1989]. Subsequent subsidence in the Late Oligocene
led to sag basin formation and sedimentation from the Bukit
Barisan volcanic arc. Marine transgression in the Miocene
deposited the Gumai, Baturaja, and Talangakar formations
and was followed by uplift and inversion tectonics in the
Pliocene. The Quaternary period experienced volcanic erup-

tions depositing basalt, andesite, and tuff, unconformably
overlying older formations [Amin et al., 1993].

In Lampung Province, the Bandarjaya and Negara Batin
sub-basins, considered part of the South Palembang sub-ba-
sin, are separated by structural highs, such as the Meraksa
Kuang and Ogan [Ginger, Fielding, 2005; Pulunggono, 1992].
In [Williams et al., 1995] describe the Bandarjaya Basin as
a series of grabens, while [Wiyanto et al., 2009] consider
the Negara Batin as a separate sub-basin.

This study analyses the Lampung sedimentary basin’s
configuration using 2D seismic and gravity data. Regional
and residual gravity anomalies were separated to map
basin structure, and 2D forward modeling was applied to
create a subsurface geological model [Araffa et al.,, 2021;
Dani et al., 2024; Frifita et al., 2020; Osorio-Granada et al.,
2022; Sarkowi et al., 2021; Setiadi et al., 2010]. Seismic in-
terpretation, integrated with well log data, refines under-
standing of the basin structure, fault patterns, and sedi-
ment continuity.
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2. DATA AND METHODS

This study investigates the Lampung sedimentary ba-
sin using gravity and seismic datasets. Data processing
and analysis were conducted using Geosoft Oasis Montaj
software, applying minimum curvature interpolation to
smoothed data representation [Geosoft..., 2024]. The Bouguer
anomaly data were filtered using low-pass and high-pass
filters to extract regional and local anomaly patterns [Araffa
et al.,, 2021; Zakariah et al., 2021]. Spectral analysis was
performed to estimate anomaly depths, particularly the
sediment-basement contact, serving as a reference for 2D
forward modeling [Frifita et al., 2020]. Second Vertical
Derivative (SVD) analysis was applied to enhance geo-
logic anomaly detection and fault identification [Dani et
al,, 2024].

2.1. Gravity data

Gravity data were sourced from the TOPEX dataset (Uni-
versity of California, San Diego) with a 1.85 km resolution
and supplemented by GGMPlus data (220 m resolution)
[Camacho, Alvarez, 2021] for higher accuracy in selected
cross-sections. The study area spans 15.950 km?, covering
central and northern Lampung Province (Fig. 1).

Data preprocessing included terrain correction and
Bouguer anomaly calculations, as well as the FAA correc-
tions for tides, drift, and latitude. The TOPEX gravity data
error ranges from 1.5 to 2.22 meters or from 5 to 10 mGal
[Solheim, 1995; Tapley, Rosborough, 1985]. The Parasnis
method was used to estimate surface density [Parasnis,
1986], with the further Bouguer correction applied there-
to to to adjust for terrain and elevation variations.

SVD analysis has been employed since the 1950s to
enhance the quality of gravity data by emphasizing shal-
low geologic anomalies while suppressing regional trends.
Traditionally performed using predefined spatial domain
templates [Elkins, 1951], SVD plays a crucial role in gravity
interpretation, particularly in fault identification [Wahyudi
et al.,, 2017] and hydrocarbon prospecting [Kadir et al.,
2013]. SVD analysis, applied to enhance gravity data in-
terpretation, emphasized local faults and structural dis-
continuities [Aku, 2014]. The Talwani modeling method
[Talwani et al., 1959] iteratively improved the basin’s sub-
surface structural model, constrained by seismic interpre-
tations, residual anomalies, and SVD-derived structural
trends. This integration reduced ambiguity and enhanced
the accuracy of the geological model [Grandis, 2022].

2.2. Seismic and well log data

2D seismic and well log data obtained from PUSDATIN
(Indonesian Ministry of Energy & Mineral Resources). The
seismic dataset includes two sections: LPG-A & LPG-B (W-E
direction), while well data consists of three exploration
wells (LPG-1, LPG-2, LPG-3) (Fig. 1; Table 1). Seismic inter-
pretation, in conjunction with gravity modeling, was used
to delineate subsurface structures, fault systems, and strati-
graphic continuity.

The interpretation of seismic profiles (A-A" and B-B') was
conducted through horizon correlations with drilling well
data. The LPG-1 and LPG-2 wells were correlated with seis-
mic LPG-A, while the LPG-3 well was associated with seismic
LPG-B. Well-seismic tie analysis, using density logs, helped to
refine structural interpretations and depth constraints.
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Fig. 1. Simplified tectonic elements in the Lampung Basin (based from [Pulunggono, 1992; Williams et al., 1995]) and study area (thick
black box). Basemap for gravity data collection (right map) covering the central and northern parts of Lampung Province.

Puc. 1. YnpolieHHas cxeMa TEKTOHUYECKUX 3J1eMeHTOB 6acceiina JlamnyHr (o [Pulunggono, 1992; Williams et al., 1995]) u usyyaemotit
TeppPUTOPUHU (YepPHBIH NPAMOYTOJbHHUK). KapTa-cxeMa c60pa rpaBUMETPUYECKUX JAHHbBIX (ClpaBa), 0XBaThIBAIOIAs 0XKHYIO U

LEHTPa/IbHY0 4aCTh POBUHIMH JIaMIYHT.
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Table 1. Simplified lithological interpretation of log data from wells LPG-1, LPG-2 and LPG-3
Ta6una 1. YrpouieHHas JIUTOJOTHYECKass UHTepHpeTalus KapoTaxa ckBaxkuH LPG-1, LPG-2 u LPG-3

No Well Formation Lithology
Kasai (KAF) Interbedded sand and shale, with dominant tuff in upper section. Deposited in volcanoclastic environment.
Muaraenim (MEF) Interbedded shale and sandstone. Deposited in deltaic environment.
Air Benakat (ABF) Interbedded shale and sandstone with marine influence. Deposited in deltaic environment.
Gumai (GUF) Interbedded shale and marine sandstone in upper section; calcareous sandstone rich of foraminifera
planktonic in lower section. Deposited in neritic (middle shelf - prodelta) environment.
1 LPG-1 Baturaja (BRF) Reef limestone (grainstone - packstone). Deposited in neritic (Inner shelf/carbonate platform) environment.
Talangakar (TAF) Sandstone with clay and coal intercalation. Deposited in deltaic environment.
Upper Lahat (ULAF) Interbedded of shale and sandstone with coal. Deposited in fluvio-lacustrine environment.
Dominantly shale in upper section. Interbedded of sandstone and claystone with tuffaceous matrix in
Lower Lahat (LLAF) middle section. Tuff and shale with thin coal bed in lower section. Deposited in lacustrine (upper section)
and fluvio-lacustrine (middle and lower environment).
Basement Green schist with calcite vein
Kasai (KAF) Interbedded sand and shale, with intercalation of tuff. Deposited in volcanoclastic environment.
Muaraenim (MEF) Predominantly sandstone with intercalation of shale and lignite. Deposited in deltaic environment.
Air Benakat (ABF) Interbedded shale and sandstone with marine influence. Deposited in deltaic environment.
2 LPG-2 Gumai (GUF) Interbedded shale and marine sandstone. Deposited in neritic environment.
. Reef limestone with strong influence of volcanic, as tuff breccia deposited in middle section. Deposited
Baturaja (BRF) . e . . .
in neritic (inner shelf/carbonate platform) with volcanic influence environment.
Basement Green schist with calcite vein
Kasai (KAF) Predominantly tuffaceous sandstone with intercalation of shale. Deposited in volcanoclastic environment.
Muaraenim (MEF) Interbedded shale and sandstone. Deposited in volcanoclastic environment.
Air Benakat (ABF) Interbedded shale and sandstone with marine influence. Deposited in deltaic environment.
Gumai (GUF) Interbedded shale and marine sandstone in upper section; calcareous mudstone in lower section.
Deposited in Neritic (Middle Shelf) environment.
. Reef limestone with abundant of coral, molusca and forams. Deposited in neritic (Inner shelf/carbonate
Baturaja (BRF) .
3 LPG-3 platform) environment.

Talangakar (TAF) in deltaic environment.

Conglomerate in upper section, sandstone with intercalation of shale and coal in lower section. Deposited

Upper Lahat (ULAF) Interbedded of shale and sandstone. Deposited in fluvio-lacustrine environment.
Predominantly shale with sandstone in upper section. Sandstone with intercalation of claystone
Lower Lahat (LLAF) with bed of coal in middle section. Tuffaceous sandstone interbedded with claystone in lower section.
Deposited in lacustrine and fluvio-lacustrine (upper - middle section) and fluvio-lacustrine (lower section)
environment.
3. RESULTS profile. In this spectrum, distinct linear segments corre-

3.1. Gravity data analysis

Bouguer gravity anomaly data, collected at 200 m inter-
vals using Geosoft Oasis Montaj software, ranged from 10
to 100 mGal and was categorized into high (60-100 mGal),
medium (40-60 mGal), and low (10-40 mGal) values (Fig. 2).
These variations indicate subsurface density differences,
influencing the basin configuration.

The initial Bouguer anomaly map lacked clear geologi-
cal structure delineation due to subsurface heterogeneity.
To enhance interpretation, regional and residual anomaly
separation was performed using Fast Fourier Transform
(FFT) analysis [Harrison, Dickinson, 1989; Zakariah et al.,
2021]. The log power spectrum of the gravity data (Fig. 3)
was generated by applying the FFT to the spatial gravity

sponding to different wavelength domains were identi-
fied, representing sources at different depth levels [Dhaoui
et al., 2014]. The slope of each segment in the log power
spectrum provided a basis for distinguishing between
deep-seated regional trends, intermediate residual struc-
tures, and shallow or noise-dominated signals. The spec-
tral analysis-derived cut-off values were 6.145 km for re-
gional anomalies and 2.408 km for residual anomalies (see
Fig. 2); the bandpass filter was then applied to distinguish
between long-wavelength regional trends and shorter-
wavelength local structures.

The regional anomaly map (20-70 mGal) (Fig. 4) re-
vealed high anomalies (55-70 mGal) in the south-central
and north-central regions, indicating bedrock uplifts and
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Fig. 2. Complete Bouguer anomaly map of the study area.
Puc. 2. I[losinas kapTa aHoManui Byre usyyaemoil TeppuTOpUm.

LOO-—NTOODONOD MO

oo N
OITITITOOOOWOWO OO LWL O OO

—&— Regional

—&— Residual

10
5 y=—77.232x+7.8676

N T T
T
ar y=-30.263x+5.1218
Zl
— -5

=10 -

15 -

0.0 0.2 0.4 0.6

—1

K, m

Fig. 3. Spectrum analysis chart results.

Puc. 3. 'paduk pe3ysbTaTOB CHEKTPATBLHOI'O aHAIU3A.

shallower Moho depths. Low anomalies (20-35 mGal), es-
pecially in the western and southwestern areas, correspond
to the Bukit Barisan Mountains’ isostatic effect [Setiadi et
al,, 2010]. Residual anomalies, obtained by subtracting re-
gional anomalies from Bouguer anomalies, exposed shal-
lower structures, including sedimentary basin configura-
tions (Fig. 5). The residual anomaly map highlighted basin
orientations, predominantly north-south and northwest-
southeast, aligning with regional tectonic trends. Epy tec-
tonic features such as faults and horsts, defining sub-basin
boundaries.

~o-— Noise
......... Linear (regional)
--------- Linear (residual)

y=—7.5633x-3.5344  ......... Linear (noise)

1.0 1.2

To refine structural interpretations, SVD analysis was
applied using Laplace’s equation [Alhassan, Aliyu, 2022],
enhancing local anomaly detection (Fig. 6). SVD maps, gen-
erated via minimum curvature map method in Geosoft
Oasis Montaj, delineated structural geology lineament at
0 mGal/m? [Aku, 2014]. The correlation between SVD-de-
rived lineaments and residual anomalies confirmed the
fault-controlled basin formation. The results of the linea-
ment analysis will be combined with the geological struc-
ture analysis from seismic data and used as a control pa-
rameter in forward modeling.

https://www.gt-crust.ru


https://www.gt-crust.ru

Febriansanu D.R. et al.: Identification of Lampung... Geodynamics & Tectonophysics 2025 Volume 16 Issue 3

104.50° 105.00°
3 »
< g
=) o
o o
© 2
»
104.50° 105.00° 105.50° E
N ©OOII——NNOBONODHONN
—_—t NDFONODD—NMDTFTOONNOONL
mGal BT TTREETT T T T T |
Fig. 4. Regional anomaly map of the study area.
Puc. 4. PernoHasibHasi KapTa aHOMaJIMH U3y4aeMOH TepPUTOPHH.
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Fig. 5. Residual anomaly map in the study area.
Puc. 5. KapTa 0cTaTOYHBIX aHOMaJIMi H3y4aeMOil TEPPUTOPHH.

Generally, two geological fault trends can be observed. = mal faults resulted in horst and graben topography. Second,
First, there is a continuity of faults trending relatively north- ~ the west-east trending faults are interpreted as a result of
west-southeast and interpreted as normal faults [Pulung-  dextral strike-slip faulting [Siringoringo et al., 2023] or
gono, 1992] stated that the Upper Cretaceous - Lower Ter-  as those influenced by the pre-Tertiary structures within
tiary north-south lineaments in the southeastern Sumatra  the basement rocks of Sumatra [Pulunggono, 1992]. The
were subject to extension, with the SW-NE trendings nor-  presence of southwest-northeast fault structures can be
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Puc. 6. KapTa BTOpBIX BEpTHKaJIbHbBIX IPOU3BOAHBIX U CTPYKTYPHBIHM aHA/IN3 IMHEAMEHTOB (a), a TaKKe HaJIO)KEHUE aHAIM3a CTPYK-

TYPHOTO JIHHEAMEHTA Ha KapTy OCTAaTOYHbIX aHOMaIuH (b).

104.50°

105.00°

4.50°

5.00°

105.50°

09'v

S .00

104.50°

0 10 20km I |
mGal

105.00°

SO -ONmMOLN

Fig. 7. Location of forward modeling Section A, B, C and D (GGMPlus, red stripped lines) towards of residual anomaly map.

Puc. 7. [lonoxxenue MojenbHbIX paspe3oB A, B, C and D (GGMPlus, kpacHble NyHKTUPHBIE IMHUU) OTHOCUTEIBHO KapThl OCTATOYHbIX

aHOMaJInH.

validated by the SVD analysis. In addition to these two
southwest-northeast faults, the SVD analysis also indicates
faults having relative east-west orientation.

3.2. 2D gravity forward modeling
Forward modeling was conducted using residual anom-
aly basemap sections. Three representative sections of the
study area were modeled: A, B, and C (Fig. 7). The NE-SE-

oriented Section A exhibits the basin’s general configu-
ration and northern and southern basin boundaries. The
west-east oriented Section B intersects wells LPG-1 and
LPG-2, and seismic line LPG-A. The west-east oriented Sec-
tion C intersects well LPG-3 and seismic line LPG-B. This 2D
forward modeling was divided into basement complex and
seven sedimentary units, including Upper & Lower Lahat,
Talangakar, Baturaja, Gumai, Air Benakat, Muaraenim, and
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Kasai formations. The density of the basement and sedi-
mentary units was estimated from the average sedimenta-
ry rock density within the study area [Telford et al., 1990,
Table 2].

Fig. 8 shows the forward modeling results for Section
A, oriented northwest-southeast. Based on the regional
stratigraphy, Section A consists of a basement complex
and seven sedimentary units, as detailed in Table 2. This
model provides valuable insights into the layering and
composition of geological structures beneath the surface,
enhancing our understanding of the spatial distribution
and characteristics of different rock types. The subsur-
face modeling involved aligning field data with theoretical
models to produce a curve that reflects observation points
with minimal fitting errors.

The observed data (black dots) closely match the calcu-
lated models (black lines), with a minimal gravity curve er-
ror of 0.776 (Fig. 8), supporting a robust geological inter-

pretation. Additionally, this section outlines the subsurface
configuration of the sedimentary basin, characterized by
a major basin and several sub-basins separated by horsts.
The northwestern area of Section A exhibits a basement
high, which may serve as the boundary of this sedimentary
basin. This basement high is called Meraksa Kuang High by
in [Pulunggono, 1992] and [Ginger, Fielding, 2005]. At the
southeastern boundary of Section A, the Lampung High-
lands [Amin et al.,, 1993] mark the eastern boundary of this
sedimentary basin. Fault structures significantly influence
the formation of these sub-basins, with the basin thickness
reaching up to 3 km.

Fig. 9 displays the forward modeling results for west-
east oriented Section B. The observed data (black dots)
closely match the calculated models (black lines), with a
minimal gravity curve error of 1.146, supporting a robust
geological interpretation. In the bottom panel graph, seis-
mic profile shows subsurface structures from the reflected
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Fig. 8. Forward modeling results for Section A.
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Table 2. The average density values from the basement complex and each sedimentary unit
Ta6mua 2. 3HayeHUs CpeJJHel MJIOTHOCTH KOMILJIeKca opo/;, GyHAaMeHTa U KOXKJ0H 0CaJJOYHON TOJIIH

No Formation Density (g/cm?) Lithology (in general)
1 Kasai (KAF) 2.00 Volcanic (tuff)

2 Muaraenim (MEF) 2.30 Shale

3 Air Benakat (ABF) 2.33 Sandstone

4 Gumai (GUF) 2.48 Shale

5 Baturaja (BRF) 241 Limestone

6 Talangakar (TAF) 2.44 Sandstone

7 Upper & Lower Lahat (ULAF & LLAF) 2.40 Shale

8 Basement 2.70 Schist
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waves. Wells LPG-1 and LPG-2 represent the location of wells
that penetrate through different sedimentary units.

This section exhibits the Negara Batin, Menggala, and
East Menggala sub-basins, constrained by normal faults
(Fig. 9). Negara Batin sub-basin has a maximum depth of
2.2-2.3 km, confirmed by LPG-1 well data (basement pene-
trated at 2300 m). The Menggala sub-basin has a maxi-
mum depth of 1.2 km, confirmed by LPG-2 well data. LPG-2
well penetrated basement at 800 m, not at the basin’s depo-
center but still indicating local depth variations. The East
Menggala sub-basin has a maximum estimated depth of
1.5-1.6 km. None of the wells in this sub-basin have pene-
trated the basement. However, based on the margin of
error for the gravity data and the correlation of basement

depths in the other two sub-basins, it can be concluded
that the depth of the East Menggala sub-basin is valid.

Fig. 10 shows the forward modeling results for west-
east oriented Section C with an error value of 2.045. This
gravity data-based section shows a high land in the western
part and several sub-basins. We believe the western part of
this section is the Bukit Barisan Mountain region or base-
ment complex with high anomaly value (see Fig. 7). These
sub-basins correspond to those seen on seismic line LPG-B.
Due to the correlation between the forward modeling of
Section C and the seismic section of LPG-B, the sedimenta-
ry sub-basins are clearly defined therein. Among them is
the Terbanggi sub-basin, bounded by the normal fault-con-
trolled basement high. Based on the forward modeling
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A
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O Wl e
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Fig. 10. Forward modeling results for Section C correlated with seismic section LPG-B.

Puc. 10. Pe3ypTaThl MOJeaupoBaHus pa3pe3a C, Koppeaupyouero ¢ ceicMuieckuM paspesom LPG-A.
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results, the Terbanggi sub-basin has a maximum depth
ranging from 2.7 to 2.8 km. This is supported by the data
from well LPG-3, which, at a depth of 2.742 meters, has not
penetrated the basement yet. At this depth, well LPG-3 still
penetrates the sedimentary succession of the Lower Lahat
formation.

4. DISCUSSION

This study integrates seismic interpretation, gravity
data analysis, and forward modeling to delineate sub-basins
within the Lampung sedimentary basin. The time struc-
ture map (Fig. 11) identifies seven sedimentary sub-basins
whose correlation, derived from model sections A, B, and
C, allows comparing sub-basins 1, 2 and 3, clearly defined
in Section B (see Fig. 9).

Sub-basin 1 corresponds to the Negara Batin, sub-basin
2 - to the Menggala, and sub-basin 3 - to the East Menggala.
Sub-basins 4 and 5 can be seen both on the time-structure
map and the seismic line LPG-B, where they are separated
by a horst structure. Model section C does not exhibit the
horst structure, which is likely due to low TOPEX data re-
solution (1.8 km). In connection to this, forward model-
ing for Section D was conducted using GGMplus gravity
data, which offers a high resolution of 200 m [Camacho,
Alvarez, 2021]. Forward modeling Section D was conducted
using residual anomaly map from GGMPlus gravity data
(Fig. 12). The GGMplus data successfully identified the

horst separating the two basins (Fig. 13), with a low error
value of 0.158. This interpretation was validated by seis-
mic line LPG-B (Fig. 13, bottom), confirming the presence
of the horst and basin structures. It is concluded that sedi-
mentary basins 4 and 5 are separated by a horst. Sub-ba-
sins 4 and 5 correspond to the Terbanggi sub-basin. Sub-
basin 6 (Kotabumi) is visible in Section A and on the time
structure map, while sub-basin 7 (Metro) is identified sole-
ly on the time structure map.

Table 3 summarizes sub-basin dimensions, with lengths
and widths derived from distance measurements and thick-
nesses estimated based on forward modeling and well data.
The maximum depth of the East Menggala, Kotabumi, and
Metro sub-basins is inferred solely from forward modeling,
as no well data is available.

A prior study [Sarkowi et al.,, 2021], based solely on the
gravity data (Bouguer anomaly and 2.5D modeling), iden-
tified 18 hydrocarbon sub-basins with Bouguer anomaly
values ranging from 0 to 90 mGal. This study builds upon
that work through integration of the gravity and seismic
data, leading to a more refined and precise sub-basin delin-
eation. While gravity data alone inferred subsurface struc-
tures, seismic data provided direct observations of faults
and stratigraphic continuity, yielding a clearer sub-basin
geometry definition. For example, the Terbanggi sub-ba-
sin, previously identified through gravity analysis, is now
confirmed through seismic data, offering a more accurate
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Table 3. The dimensions of basin-constituent sub-basins
Ta6una 3. Pasmepsl cy66acceiiHOB, BXOJSILUX B COCTaB 6acceiiHa
No. Sub-basin Length, km Wide, km Max thickness, km Area, km?
1 Negara Batin 17.80 8.90 2.3 158.420
2 Menggala 11.04 13.05 1.2 144.072
3 East Menggala 15.96 8.76 1.6 139.8096
4 Terbanggi A 21.46 11.65 3.0 250.009
5 Terbanggi B 21.33 8.56 3.0 182.5848
6 Metro 15.84 12.20 - 193.248
7 Kotabumi 11.54 9.20 - 106.168

depth estimate (up to 3 km) and a better understanding
of the sub-basin-bordering fault systems. Both studies em-
phasize fault structures as a key control in sub-basin forma-
tion. The previous study inferred fault zones using gravity
gradients and spectral analysis, while faults are mapped
through seismic reflection profiling, which reveals the pres-
ence of horst and graben structures in the Terbanggi and
Menggala sub-basins.

Notably, the presence of volcanic materials such as tuf-
faceous sandstone and tuff breccia in the Lower Lahat for-
mation is confirmed through wells LPG-1 and LPG-3, and in
the Baturaja formation - through well LPG-2. These findings
confirm episodic volcanic activity influencing sedimentary
processes and thus contributing to sediment fluxes and
basin architecture. Fault-controlled sedimentary systems
likely interacted with volcanic inputs, impacting deposi-

tional environments and basin evolution. Moreover, these
volcanic deposits offer insight into source-to-sink rela-
tionships, where the proximity to Bukit Barisan volcanic
arcs influenced sedimentary composition. This under-
scores the complex interplay between tectonics, sedimen-
tation, and magmatism in shaping the Lampung sedimen-
tary basin.

The integration of seismic and gravity data significant-
ly improves resolution compared to gravity data alone.
While the earlier study estimated basement depths at 2.4
to 4.4 km, the current study provides clearer and more pre-
cise depth measurements. For example, the East Menggala
sub-basin, previously inferred, is now confirmed with a
maximum depth of 1.6 km. In conclusion, while the ear-
lier gravity-only study laid the groundwork for identifying
sub-basins, the current integration of seismic and gravity
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data offers a clearer and more detailed understanding of
the Lampung sedimentary basin structure.

5. CONCLUSIONS

This study integrates gravity and seismic data to delin-
eate the Lampung sedimentary basin in the southeastern
Sumatra, identifying seven sub-basins: Negara Batin, Meng-
gala, East Menggala, Terbanggi, Kotabumi, and Metro. For-
ward modeling confirms normal fault-controlled sub-ba-
sin formation, with the key role played by basement highs
and lows.

The correlation between seismic data and gravity models
improves depth accuracy, particularly in the Negara Batin,
Terbanggi, and Menggala sub-basins, where depths reach
2.7-3.0 km. Seismic integration clarifies fault boundaries
and enhances resolution beyond gravity-based interpreta-
tions. GGMPlus gravity data (200 m resolution) resolves pre-
viously unclear horst structures using TOPEX data (1.8 km

resolution), particularly between sub-basins 4 and 5 (Ter-
banggi sub-basin). The study also confirms the presence
of volcanic deposits within the lithological sequence in the
study area, supporting the interaction between tectonics,
sedimentation and magmatism therein.

Overall, this research enhances the understanding of
geological and tectonic history of the Lampung sedimen-
tary basin. The combination of seismic and gravity data
provides a robust methodology for delineating complex
subsurface structures in tectonically active regions.
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