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IDENTIFICATION OF LAMPUNG SEDIMENTARY BASIN (SE SUMATRA)  
USING GRAVITY FORWARD MODELING AND SEISMIC INTERPRETATION

D.R. Febriansanu    1,2, S. Husein    1   , S.S. Surjono    1

1 Universitas Gadjah Mada, Yogyakarta 55111–55792, Indonesia
2 Sumatra Institute of Technology, South Lampung 35365, Indonesia

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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ИДЕНТИФИКАЦИЯ ОСАДОЧНОГО БАССЕЙНА ЛАМПУНГ  
(ЮГО-ВОСТОЧНАЯ ЧАСТЬ о. СУМАТРА) С ПОМОЩЬЮ ГРАВИТАЦИОННОГО  

МОДЕЛИРОВАНИЯ И ИНТЕРПРЕТАЦИИ СЕЙСМИЧЕСКИХ ДАННЫХ

Д.Р. Фебриансану1,2, С. Хусейн1, С.С. Сурджоно1

1 Университет Гаджа Мада, 55111–55792, Джокьяка́рта, Индонезия
2 Суматринский технологический институт, 35365, Южный Лампунг, Индонезия

АННОТАЦИЯ. Данное исследование направлено на изучение конфигурации осадочного бассейна в провин
ции Лампунг, находящейся в юго-восточной части о. Суматра. Цель данного исследования состоит в том, чтобы 
углубить понимание структуры осадочных бассейнов, концентрируясь при этом на выявлении и выделении 
суббассейнов, выступов фундамента и систем разломов. Для определения глубины залегания осадочных слоев 
и конфигурации фундамента использовался анализ гравиметрических данных, включая картирование анома
лий Буге и спектральный анализ. Сейсмические данные обеспечили возможность проведения непосредствен
ных наблюдений за погребенными отражающими поверхностями, тем самым помогая выявлять разломные 
структуры и стратиграфическую непрерывность. Интеграция данных обеих групп сделала возможным создание 
детальной геологической модели бассейна по результатам каротажа скважин LPG-1, LPG-2, и LPG-3.

В ходе исследования было выявлено семь основных седиментационных суббассейнов, таких как Негара 
Батин, Менггала, Восточная Менггала, Тербангги, Метро и Котабуми. Согласно результатам моделирования, 
самым глубоким является суббасейн Тербангги, максимальная глубина которого составляет приблизитель
но три километра. Присутствие вулканического материала, в частности туфопесчаника и туфобрекчии в от
ложениях нижней части свиты Лахат и в отложениях свиты Батураджа, было подтверждено скважинными и 
сейсмическими данными, подчеркивающими взаимодействие между вулканическими и седиментационными 
процессами в ходе эволюции бассейна. Такой комплексный подход обеспечивает более точное понимание гео
метрии и структурных особенностей бассейна, позволяя получить ценные сведения о тектонической истории 
региона.

Полученные результаты способствуют проведению дальнейших геологических исследований и геологораз
ведочных работ, демонстрируя эффективность объединения гравиметрических и сейсмических данных при 
анализе сложных подповерхностных сред.

КЛЮЧЕВЫЕ СЛОВА: Лампунг; гравиметрические данные; сейсмическая интерпретация; конфигурация 
бассейна; моделирование

ФИНАНСИРОВАНИЕ: Исследование проведено при поддержке Суматринского технологического института 
в контексте программы докторских стипендий.

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 km², 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.

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.
Рис. 1. Упрощенная схема тектонических элементов бассейна Лампунг (по [Pulunggono, 1992; Williams et al., 1995]) и изучаемой 
территории (черный прямоугольник). Карта-схема сбора гравиметрических данных (справа), охватывающая южную и 
центральную часть провинции Лампунг.
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Table 1. Simplified lithological interpretation of log data from wells LPG-1, LPG-2 and LPG-3
Таблица 1. Упрощенная литологическая интерпретация каротажа скважин LPG-1, LPG-2 и LPG-3

No Well Formation Lithology

1 LPG-1

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.

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.

Lower Lahat (LLAF)
Dominantly shale in upper section. Interbedded of sandstone and claystone with tuffaceous matrix in  
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

2 LPG-2

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.

Gumai (GUF) Interbedded shale and marine sandstone. Deposited in neritic environment.

Baturaja (BRF) Reef limestone with strong influence of volcanic, as tuff breccia deposited in middle section. Deposited  
in neritic (inner shelf/carbonate platform) with volcanic influence environment.

Basement Green schist with calcite vein

3 LPG-3

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.

Baturaja (BRF) Reef limestone with abundant of coral, molusca and forams. Deposited in neritic (Inner shelf/carbonate 
platform) environment.

Talangakar (TAF) Conglomerate in upper section, sandstone with intercalation of shale and coal in lower section. Deposited  
in deltaic environment.

Upper Lahat (ULAF) Interbedded of shale and sandstone. Deposited in fluvio-lacustrine environment.

Lower Lahat (LLAF)

Predominantly shale with sandstone in upper section. Sandstone with intercalation of claystone  
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
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 

profile. In this spectrum, distinct linear segments corre-
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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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. Еру tec-
tonic features such as faults and horsts, defining sub-basin 
boundaries.

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/m² [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.

Fig. 3. Spectrum analysis chart results.
Рис. 3. График результатов спектрального анализа.

Fig. 2. Complete Bouguer anomaly map of the study area.
Рис. 2. Полная карта аномалий Буге изучаемой территории.
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Fig. 5. Residual anomaly map in the study area.
Рис. 5. Карта остаточных аномалий изучаемой территории.
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Fig. 4. Regional anomaly map of the study area.
Рис. 4. Региональная карта аномалий изучаемой территории.
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Generally, two geological fault trends can be observed. 
First, there is a continuity of faults trending relatively north
west-southeast and interpreted as normal faults [Pulung
gono, 1992] stated that the Upper Cretaceous – Lower Ter
tiary north-south lineaments in the southeastern Sumatra 
were subject to extension, with the SW-NE trendings nor

mal faults resulted in horst and graben topography. Second, 
the west-east trending faults are interpreted as a result of 
dextral strike-slip faulting [Siringoringo et al., 2023] or 
as those influenced by the pre-Tertiary structures within 
the basement rocks of Sumatra [Pulunggono, 1992]. The 
presence of southwest-northeast fault structures can be 
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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 

Fig. 7. Location of forward modeling Section A, B, C and D (GGMPlus, red stripped lines) towards of residual anomaly map.
Рис. 7. Положение модельных разрезов A, B, C and D (GGMPlus, красные пунктирные линии) относительно карты остаточных 
аномалий.
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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 

Fig. 8. Forward modeling results for Section A.
Рис. 8. Результаты моделирования разреза А.

Table 2. The average density values from the basement complex and each sedimentary unit
Таблица 2. Значения средней плотности комплекса пород фундамента и каждой осадочной толщи

No Formation Density (g/cm3) 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) 2.41 Limestone

6 Talangakar (TAF) 2.44 Sandstone

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

8 Basement 2.70 Schist

–6G
ra

vi
ty

, 
m

G
a
l

Kasai (KAF)
Muaraenim (MEF)
Air Benakat (ABF)
Gumai (GUF)
Baturaja (BRF)
Talangakar (TAF)
Upper and Lower Lahat 
(ULAF, LLAF)
Basement

0
Distance, km

12

6

0

–12

0

1

2

3

4

D
e
p
th

, 
km

60 120

Observed Calculated Error 0.77

https://www.gt-crust.ru


Fig. 9. Forward modeling results for Section B correlated with seismic section LPG-A.
Рис. 9. Результаты моделирования разреза В, коррелирующего с сейсмическим разрезом LPG-A.
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Fig. 10. Forward modeling results for Section C correlated with seismic section LPG-B.
Рис. 10. Результаты моделирования разреза С, коррелирующего с сейсмическим разрезом LPG-A.

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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Fig. 11. Time structure map from seismic interpretation show several sedimentary sub-basins have been identified.
Рис. 11. Карта изохрон на основе интерпретации сейсмических данных, с несколькими суббассейнами.
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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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Fig. 12. GGMPlus anomaly map. The black stripped lines show forward modeling Section D.
Рис. 12. Карта аномалий GGMPlus. Черным пунктиром показан модельный разрез D.
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Table 3. The dimensions of basin-constituent sub-basins
Таблица 3. Размеры суббассейнов, входящих в состав бассейна

No. Sub-basin Length, km Wide, km Max thickness, km Area, km2

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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