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ABSTRACT. Bandar Lampung City is located at the southeastern tip of Sumatra Island, an area highly prone to earth-
quake and tsunami disasters. Along the Sumatra Island, there are seismic faults stretching along the Bukit Barisan 
Mountains. In the Bandar Lampung region, one of these faults is the Panjang Lampung fault. Gravity methods are com-
monly used to identify subsurface structures based on variations in rock density. This study aims to identify the subsurface 
structure of Bandar Lampung City based on gravity anomaly modeling, both 2D and 3D models. The research consists 
of three main stages: data correction, data processing including spectrum analysis, moving average, second vertical 
derivative analysis, and subsurface structure modeling. The complete Bouguer anomalies in the study area range from 
41.9 mGal to 73.3 mGal. Modeling results indicate the presence of structures such as the Panjang Lampung fault in the 
Northeast and a graben in the Central region, verified through SVD analysis and geological information. The existence of 
the Panjang Lampung fault, classified as an active fault, along with volcanic pyroclastic rocks and significant sediment 
layers in the central region, makes the research area potentially susceptible to the impact of amplification in the event of 
an earthquake disaster.
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АНАЛИЗ ПОДЗЕМНОГО ПРОСТРАНСТВА ГОРОДА БАНДАР-ЛАМПУНГ  
НА ОСНОВЕ ГРАВИТАЦИОННЫХ АНОМАЛИЙ

И. Дани, А. Заенудин, А.И. Хутомо, Н. Юниза

Университет Лампунга, 35141, Бандар-Лампунг, Индонезия

АННОТАЦИЯ. Город Бандар-Лампунг расположен на юго-восточной оконечности о. Суматра, в районе с вы-
соким уровнем подверженности землетрясениям и цунами. По всей длине о. Суматра, вдоль горного хребта 
Букит-Барисан, проходят сейсмические разломы. Одним из таких разломов в районе Бандар-Лампунг является 
разлом Панджанг-Лампунг. Гравитационные методы, обычно используемые для определения подземных про-
странств, основываются на изменении плотности пород. Цель данного исследования – выявление структуры 
подземного пространства г. Бандар-Лампунг на основе 2D и 3D моделирования гравитационных аномалий. 
Исследование состоит из трех основных стадий: коррекции данных, обработки данных (включая спектраль-
ный анализ, скользящее среднее и анализ вторых вертикальных производных), а также моделирования под-
земного пространства. Полные аномалии Буге изучаемой территории варьируются в пределах 41.9–73.3 мГал. 
Результаты моделирования указывают на наличие таких структур, как разлом Панджанг-Лампунг в северной 
части и грабен в центральной части, подтвержденное анализом вторых вертикальных производных и геологи-
ческими данными. Существование разлома Панджанг-Лампунг, классифицируемого в качестве активного разло-
ма, наряду с вулканическими пирокластическими породами и достаточно мощными слоями осадочных пород, 
способствует потенциальному усилению подземных толчков на изучаемой территории в случае возникновения 
землетрясения.

КЛЮЧЕВЫЕ СЛОВА: гравитационная аномалия; 2D и 3D модели; подземное пространство; разлом Панджанг-
Лампунг; анализ вторых вертикальных производных

ФИНАНСИРОВАНИЕ: Исследование финансировалось из бюджета инженерного факультета Университета 
Лампунга.

1. INTRODUCTION
Bandar Lampung is the capital of Lampung Province 

which is located on the southeastern tip of Sumatra Island, 
Indonesia. Geographically, this city is located in the south-
west of Sumatra Island, Indonesia, at 5°26' latitude south 
and 105°15' longitude east. In January 2022, the area of 
Bandar Lampung City, covering around 118.5 km2, was 
divided into 20 sub-districts and 126 villages. According 
to data from the Ministry of Home Affairs, the population 
of Bandar Lampung City reached 1096936 people in mid-
2023 [Bandar Lampung…, 2023]. Administratively, this 
city is bordered on the north to east by Lampung Selatan 
Regency, on the south by the Sunda Strait, and on the west 
by Pesawaran Regency.

The geomorphological character of Bandar Lampung 
City is influenced by its location on the coast of the Lampung 
Bay and variations in elevation and land slopes from the 
coast inland [Mulyasari et al., 2019]. The city lies at ele-
vations of 0 to 700 m above sea level with topography in-
volving coastal areas, hilly areas around northern Betung 
Bay, and undulating highlands around western Tanjung 
Karang as well as small islands in the south. Rivers such 
as Way Balau, Way Halim, Way Awi, Way Kuripan, Way 
Simpur, Way Garuntang, and Way Kupang flow through the 
city. Some areas of Bandar Lampung City are hilly such as 
Mount Kunyit, Mount Bakung, Mount Mastur and some other 
hills. This topography includes flat to gently sloping and 
steep to very steep land, accounting for about 60 %, 35 %, 

and 4 % of the total area, respectively [Bandar Lampung , 
2023].

Based on the geological map of Tanjung Karang sheet 
[Mangga et al., 1993], the city of Bandar Lampung is located 
in the Mount Kasih complex [Rustadi, Rananda, 2020]. This 
complex consists of metamorphic rocks which are inter-
preted as the oldest geological formations [Setiawan et al., 
2013; Akinin, Zhulanova, 2016]. The rocks involved include 
schist, gneiss, quartzite, and marble, which are exposed 
due to the erosion of the overlying Quaternary rocks and 
tectonics acting upon limestone sediments. They are as-
signed an Early Carboniferous or older age and they likely 
represent the crystalline basement rocks that form the 
foundation for a wide initial sedimentary basin in the back-
arc region. The Lampung formation (Qtl) dominates most 
of the Tanjung Karang sheet and consists of rhyolite-tuff 
and volcaniclastic tuff rocks. Volcanic activity related to the 
subduction of the Indian Ocean plate occurred along the 
mountain range arc during the Tertiary period, resulting in 
tuff rocks, lava, and volcanic breccia with a basaltic rhyolite 
composition. Depositional processes during the Holocene 
contributed to the formation of alluvial deposits, lime-
stone, and swamp areas [Salisbury et al., 2012].

The tectonic activity of Lampung province is largely influ-
enced by the subduction zone, which makes it highly prone 
to earthquakes and tsunamis [Susilorini et al., 2021]. This is 
due to its proximity to active tectonic plate boundaries, spe-
cifically the convergence of the Eurasian, Indo-Australian, 
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and Pacific plates around the Indian Ocean [Elliott et al., 
2016]. Specifically, Bandar Lampung City is located along 
the subduction zone in the western part of Sumatra Is-
land, where the Indo-Australian plate subducts beneath 
the Eurasian Plate [Gao et al., 2020] which can cause earth-
quakes. Earthquakes are natural events that occur due to 
the sudden release of energy from within the Earth’s crust 
[Nielsen et al., 2016; Calais et al., 2016]. These events cause 
vibrations and shaking on the Earth’s surface [Elliott et al., 
2020; Ali U., Ali S.A., 2020]. Meanwhile, subduction of plates 
in the Indian Ocean can cause the release of energy through 
faults parallel to the edges of oceanic plates, thereby trig-
gering tsunamis [Rubin et al., 2017; Paris et al., 2020].

There are several active faults in Bandar Lampung area, 
among which one of the main ones is the Panjang Lampung 
fault [Siringoringo et al., 2023; Iqbal et al., 2023]. In its his-
tory, in 1913, the Panjang Lampung fault has experienced 
significant earthquakes with a magnitude of around 7 on the 
Richter scale, occurring at depths of 20–40 km [Naryanto, 
2008; Vickers, 2013]. Due to the probability of occurrence 
of earthquakes in this research area, there is a potential 
risk of earthquake wave amplification, similar to what oc-
curred in Yogyakarta in 2006 [Diambama et al., 2019]. This 
research aims to analyze the geological structure of Panjang 
Lampung for seismic hazard assessment.

The distribution of the rock density can cause anomalies 
in gravity, which can help depict the geological structure 
beneath the Earth’s surface to significant depths [Zaenudin 
et al., 2020; Ombati et al., 2022]. Therefore, in order to un-
derstand the fault patterns, geological structures, and types 
of rocks that may be succeptable to earthquakes and am-
plification in this research area, a study of the subsurface 
geological structure will be conducted using gravity meth-
ods. In this study, 2D forward modeling and 3D inversion 
will be performed based on the results of residual anoma-
lies, supported by Second Vertical Derivative (SVD) analy-
sis and 3D inversion.

2. MATERIALS AND METHODS
2.1. Initial data

Gravity data measurements were carried out in 2017 at 
56 points spaced throughout the city of Bandar Lampung. 
The distance between measurement stations ranges from 
600 to 1000 m with topographic variations ranging from 0 
to 700 meters above mean sea level. Areas with low eleva-
tion are generally in the south, while undulating highland 
areas are in the west, east and north. All data is measured 
above the surface without using satellite data.

2.2. Data processing methods
The data processing stages have begun with correcting 

the instrument readings, namely tide and drift corrections. 
The next step includes latitude and free air corrections. To 
find the surface density, use is made of the Parasnis method 
which is then followed by the Bouguer correction [Parasnis, 
1986], thus obtaining the complete Bouguer anomaly value 
in the research area. Processing involves complete Bouguer 
anomaly data, followed by spectral analysis on 4 tracks using 

Fig. 1. Flow diagram.
Рис. 1. Блок-схема.
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Fast Fourier Transform (FFT). The result is the spatial 
change from distance to spatial frequency, which is then 
used to determine the cut-off value. The window width is 
determined to separate regional anomalies and residuals 
using a moving average filter. Residual anomalies are ana-
lyzed by the SVD method using the Elkins operator [Elkins, 
1951] and thus provide structural information on the re-
search area for additional subsurface modeling.

The modeling carried out is 2D and 3D modeling. For-
ward 2D modeling is performed using the Oasis Montaj soft-
ware, by drawing lines or making slices in areas showing 
anomalies. This modeling is based on the availability of 
seismic transects in the study area. The modeling results 
show correlation between gravity anomaly graphs, mag-
netic anomaly graphs, and subsurface cross-sections from 
the seismic data. 3D inverse modeling is carried out based 
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Fig 2. Gravity data correction results.
Рис. 2. Результаты коррекции гравитационных данных.

on models directly produced from the data, focusing on 
residual anomaly data and density parameters obtained 
from geological information in the study area.

The flow diagram used in this study shown in Fig. 1.

3. RESULTS
To obtain the complete Bouguer anomaly, corrections 

are needed for the data to remove the effects that were ob-
served during the measurement. This study uses an aver-
age surface density of 2388.4 kg/m3, which is the average 
density calculated by the Parasnis method. The results of 
the correction calculations on the gravity data for the re-
search area can be seen in Fig. 2.

Based on the correction results, Fig. 2 shows the ele-
vation value graph (red), observed G value (green), field 
correction result (blue), and Complete Bouguer Anomaly 
or CBA value (purple). In the field correction result, there 
is a relatively high correction value of 6.207 mGal at point 
BL-40. This result is influenced by the extreme topographic 
conditions around the measurement point. Then, in the 
green-colored graph (g. observed), it can be seen that it 
is inversely proportional to the blue-colored graph (eleva-
tion). Therefore, it can be concluded that the gravity value 
will decrease as the elevation of the measurement point 
increases.

After performing the necessary corrections on the above 
gravitational force, the next step is to calculate the com-
plete Bouguer anomaly value for the research area, which 
can be seen in Fig. 3 (bottom).

On the contour map of the complete Bouguer anomaly 
in the research area, 4 profile lines were sliced as shown 
in Fig. 3. To determine the depth of shallow anomalies and 
deep anomalies, an analysis of the spectrum was conducted, 
where the log power spectrum (Ln A) against frequency is 
represented by the slope value (gradient) as seen in Fig. 4. 
Table 1 shows the average values for the estimated regional 
depth of 3000 m, residual depth of 222 m, and an aver-
age KC value of 0.00118 with an average window width of 
10.6. Since the value of n must be odd, the value used to 
separate the regional and residual anomalies is rounded 
up to 11.

For Line 1, the estimated regional depth is 2970 m; the 
residual depth is 165 m, with a KC wave value of 0.001212 
and a window width of 10.36. Moving on to Line 2, the es-
timated regional depth is 3327 m, the residual depth is 
288 m, with a KC wave value of 0.00121 and a window 
width of 10.38. For Line 3, the estimated regional depth is 
3094 m; the residual depth is 241 m, with a KC wave value 
of 0.001199 and a window width of 11.418. Lastly, for 
Line 4, the estimated regional depth is 3094 m; the residu-
al depth is 241 m, with a KC wave value of 0.0011 and a 
window width of 11.418.

Based on the spectrum analysis conducted, the esti-
mated regional depth, residual depth, and KC (cutoff) wave 
value can be determined for each profile. The estimated re-
gional depth indicates the depth of the basement, while the 
residual depth indicates the boundary between the base-
ment and sedimentary rocks. The intersection value of the 
gradient between the residual and regional values is defined 
as the KC wave value, which will be used in determining the 
window width in the moving average process. The window 
width value is obtained using the formula 2π/ksΔx, where 
KC is the cutoff value and ∆x is the spacing.

Regional anomaly in Fig. 5, a is obtained from the pro-
cessing of moving average filter on the complete Bouguer 
anomaly using Surfer software. This method is performed 
using the results of spectrum analysis based on the win-
dow width value obtained, n=11. Therefore, the residual 
anomaly is obtained by subtracting the complete Bouguer 
anomaly from the regional anomaly. The previous result 
obtained from the spectrum analysis for the average depth 
of the regional anomaly was 3000 m. The result of residual 
anomaly separation in Fig. 5, b is the result of subtraction 
between the complete Bouguer anomaly and the regional 
anomaly obtained from the spectrum analysis.

The SVD analysis on this regional anomaly was con-
ducted using the low pass filter [Kumar et al., 2018]. The 
results of the SVD analysis performed on the regional anom-
aly and residual anomaly of the study area can be seen in 
Fig. 6, a, c. The results obtained by using calculation oper-
ator on the residual anomaly are shown in Fig. 6, b. The 
black line represents the SVD value of 0. Based on this SVD 
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Fig. 3. Complete Bouguer anomaly map with profile lines for determining regional and residual anomaly depths.
Рис. 3. Карта полной аномалии Буге с линиями профиля для определения глубины региональных и остаточных аномалий.

Fig. 4. Spectrum analysis chart on Line 1–4.
Рис. 4. Диаграммы спектрального анализа для линий 1–4.
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Table 1. Spectrum analysis results
Таблица 1. Результаты спектрального анализа

Fig. 5. Contour map of regional gravity anomaly filtered with a window width and height of 11×11 (a) and contour map of residual 
gravity anomaly (b).
Рис. 5. Карта региональной гравитационной аномалии с размером окна 11×11 (a) и карта остаточной гравитационной ано-
малии (b).

Line KC Window width
Depth, m

Reginal Residual
1 0.0012 10.35 2971 165
2 0.0012 10.38 3328 289
3 0.0012 10.48 2748 194
4 0.0011 11.42 3094 242
Average 0.0012 10.64 3035 222

value of 0, a selection is made based on the straightness 
indicated by the white line, as shown in Fig. 6, d.

Modeling subsurface is conducted on two lines that inter-
sect the main structure in the study area. The created tracks 
can be seen in Fig. 7. The forward 2D modeling is performed 
using Oasis Montaj software [Grandis, Dahrin, 2017].

The backward modeling (inversion) is a modeling pro-
cess that estimates the distribution of density and suscep-
tibility beneath the surface [Lücke, Arroyo, 2015], which 
can be seen in Fig. 8. This process is done using the VOXI 
menu in Oasis Montaj software, with input data in the form 
of residual anomalies, aiming to obtain an output in the 
form of a 3D model of the study area that approximates the 
actual conditions. The model is created by inputting pa-

rameters such as Xmin, Xmax, Ymin, Ymax, Zmin, Zmax, with a block 
size of 500×500×250. Then, the results of this inversion 
modeling are correlated with the two tracks in the pre-
vious forward 2D modeling, with the aim of highlighting 
the similarities in geological structures between the for-
ward modeling and the 3D modeling.

The results of the 3D inversion are sliced along the 
same tracks as the tracks in the forward modeling, which 
can be seen in Fig. 9, d and Fig. 10, d. The 3D inversion 
modeling results show density contrasts that indicate the 
presence of a graben structure, which is also confirmed by 
the 2D forward modeling results. In addition, the 3D inver-
sion model can also show the response of granite intru-
sions (Tmgr) in the study area.
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Fig. 6. Regional second vertical derivative map (a), residual second vertical derivative map (b), and fault indication map based on SVD 
analysis of regional (c) and residual anomalies (d).
Рис. 6. Региональная карта вторых вертикальных производных (a), карта остатков для вторых вертикальных производных 
(b) и карта с обозначениями разломов, составленная на основе анализа вторых вертикальных производных для региональ-
ных (c) и остаточных (d) аномалий.
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Fig. 7. Slicing forward modelling path map.
Рис. 7. Нарезка карты прямого моделирования.

Fig. 8. Density distribution model from 3D inversion results.
Рис. 8. Модель распределения плотности, основанная на результатах 3D инверсии данных.
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Fig. 9. Interpretation of the subsurface model Line A-A’.
(a) – calculated response of SVD anomalies; (b) – observed response of SVD anomalies; (c) – 2D modeling result; (d) – 3D inversion 
model slice result.
Рис. 9. Интерпретация модели подземного пространства, линия A-A’.
(a) – расчетная реакция аномалий вторых вертикальных производных; (b) – наблюдаемая реакция аномалий вторых верти-
кальных производных; (c) – результат 2D-моделирования; (d) – результат нарезки модели 3D-инверсии.
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Fig. 10. Interpretation of the subsurface model Line B-B’.
(a) – calculated response of SVD anomalies; (b) – observed response of SVD anomalies; (c) – 2D modeling result; (d) – 3D inversion 
model slice result.
Рис. 10. Интерпретация модели подземного пространства, линия B-B’.
(a) – расчетная реакция аномалий вторых вертикальных производных; (b) – наблюдаемая реакция аномалий вторых верти-
кальных производных; (c) – результат 2D-моделирования; (d) – результат нарезки модели 3D-инверсии.

4. DISCUSSION
Bouguer anomaly is the difference between the mea-

sured gravity force value and the theoretical gravity force 
value. The value of Bouguer anomaly is the result of su-
perposition of regional anomaly (deep gravity response) 
and residual anomaly (shallow gravity response). In the 
process of reducing the data due to the influence of mass 
below and around the measurement point to obtain the 
Bouguer anomaly value, the calculation of average surface 
density is first performed using the Parasnis or Nattelton 
method [Maunde et al., 2017].

The complete Bouguer anomaly contour is the result 
of 500 m gridding. The spacing interval is determined 
based on an average spacing of 1000 m between the mea-
surement points. Therefore, the complete Bouguer anom-
aly data are gridded with a spacing of 500 m. In Fig. 3, the 
range of anomaly values is divided into three parts: high 
anomaly, moderate anomaly, and low anomaly, with a range 
of values between 41.9 and 73.3 mGal, which represents 
the response of rock density variations in the study area. 
The distribution of high anomalies is in the western and 
eastern parts of the study area, indicated by the color 
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ranging from orange to pink, with a range of values from 
59.5 to 73.3 mGal. The distribution of low anomalies is 
found in the northern and southwestern parts of the com-
plete Bouguer anomaly map, indicated by dark-to-light-
blue color, with a range of anomaly values between 41.9 and 
50 mGal. As for the moderate anomalies, they are located 
between the distribution of high and low anomalies, indi-
cated by the color ranging from dark green to yellow, with 
a range of anomaly values between 50 and 59.5 mGal.

The slicing results will be involved in spectrum analy-
sis, which is performed using Fourier transform to convert 
gravity data from spatial domain to frequency domain using 
Matlab software. The Fourier transform process will pro-
duce real and imaginary values, where the real value rep-
resents the x-axis and the imaginary value represents the 
y-axis. The spectrum analysis is shown in the the graph for 
relationship between ln(A) and k, where ln(A) is obtained 

from                                   , and k is obtained from 2πf. The frequency 

value is obtained by dividing the data sequence by the 
number of data points multiplied by the spacing.

In spectrum analysis, the sources located deep beneath 
the surface will show low-frequency values, while those 
sources originating from shallow depths will exhibit high- 

frequency values. This is because the rocks deep beneath 
the surface tend to be homogeneous and have consistent 
densities, whereas shallow sources have more varied rock 
compositions, resulting in different density values.

Regional anomalies have low frequency, but high wave 
amplitude, where the anomaly response is assumed to orig-
inate from rocks at large and more homogeneous depths 
with high density values. Based on Fig. 5, a, the contour of 
the regional anomaly obtained ranges from 44 to 73 mGal, 
with a contour pattern that is almost the same as the com-
plete Bouguer anomaly contour. Based on the spectrum 
analysis, the residual anomaly (see Fig. 5, b) is found at a 
depth of 222 m with a maximum depth of up to 3000 m. 
On the residual anomaly map, high anomalies can be seen 
in the eastern and western parts of the study area, while 
low anomalies are in its northern and southern parts. The 
resulting residual anomalies range from –5 to 5 mGal.

The result of the SVD analysis is an inferred fault struc-
ture that is superimposed on the structures in the geologi-
cal map (Fig. 11). Based on the geological map of the study 
area, the presence of southwest-northeast fault structures 
can be validated with the results of the SVD analysis show-
ing two faults which have relatively similar orientations 
but do not intersect.

Fig. 11. Geological overlay map with SVD analysis results.
Рис. 11. Геологическая оверлейная карта с результатами анализа вторых вертикальных производных.
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In addition to these two southwest-northeast faults, 
the SVD analysis also indicates faults having relative east-
west orientation. Therefore, in connection with the residual 
anomaly lows in the central fault-bounded part it can be 
inferred that there is a graben structure in the study area. 
The indications of new faults in the study area obtained 
from the SVD analysis are further confirmed by geological 
events that show surface faulting evidence such as steep 
topography in the form of hills and rivers in the study 
area, as seen in the overlay of the DEM map with the SVD-
generated faults and the geological faults (Fig. 12).

The basic principle of the forward modeling process is 
trial and error to achieve alignment between theoretical 
data and field data. In line with the goal of this research, 
which is to obtain a subsurface model to validate the struc-
ture in the study area, the modeling is done by combin-
ing existing information, including geological information 
about surface geology, geological structures, and stratigra-
phy in the study area. Additionally, information from grav-
ity data includes the complete Bouguer anomaly, spectrum 
analysis, residual and regional anomalies, and the results 
of SVD analysis. The integration of this information is ex-

pected to result in a subsurface model with minimal ambi-
guity. Gravity information is obtained from spectrum analy-
sis, where it is known that the depth of the anomaly is 3 km. 
This depth will be used as the boundary between the re-
sidual anomaly and the regional anomaly (basement) in 
the modeling process. Based on SVD analysis, it is known 
that there are fault structures in the study area that can be 
validated with the geological map.

Fig. 9, c shows the results of the subsurface model in 
Line A-A’ (west-east). Based on the surface geology, Line A-A’ 
passes through two fault structures, two formations ex-
posed on the surface, namely the young volcanic deposits 
(Qhv) and the Tarahan formation (Tpot), as well as the in-
trusion of unseparated granite rocks (Tmgr). Subsurface 
modeling is done by adjusting field data with theoretical 
data to obtain a curve of observation points that indicate a 
small fit error. Observation points are shown as black dots 
in the figure, while the modeling results are shown as black 
lines. The red lines indicate the magnitude of the error at 
each point.

The forward modeling result in Line A-A’ (see Fig. 9, 
b) shows a gravity curve error of 0.540. Curve adjustment 

Fig. 12. Overlay map with DEM and fault indication.
Рис. 12. Оверлейная карта c ЦМР и обозначением разлома.
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depends on the value of each formation obtained from 
[Telford et al., 1990], where the young volcanic deposits 
(Qhv) consist of lava (andesite-basalt), breccia and tuff 
with a density value of 2400 kg/m3, the Tarahan forma-
tion (Tpot) consists of compact tuff and chert breccia with 
a density value of 2200 kg/m3, and the unseparated gran-
ite rocks (Tmgr) consist of granite and granodiorite with a 
density value of 2600 kg/m3.

The basement in the study area is the unseparated 
Mount Kasih complex (Pzg) consisting of pelitic schist and 
a little gneiss with a density value of 2800 kg/m3. Based on 
the 2D forward modeling results, the study area traversed 
by Line A-A’ forms a graben structure. The 3D inversion 
modeling results show density contrasts indicating the 
presence of a graben structure, which is also confirmed by 
the 2D forward modeling result (see Fig. 9, d). Additionally, 
the 3D inversion model can show the response of the granite 
intrusion (Tmgr) in the study area. However, the 3D inver-
sion modeling result cannot show the presence of the study 
area’s basement or the Mount Kasih Formation (Pzg).

Fig. 10, c shows the results of the subsurface model in 
Line B-B’ (southwest-northeast). Based on the surface ge-
ology, Line B-B’ passes through two fault structures and 
three formations exposed on the surface, namely the young 
volcanic deposits (Qhv), Lampung formation (Qtl), and 
Tarahan formation (Tpot). The forward modeling result in 
Line B-B’ shows a gravity curve error of 0.307 (see Fig. 10, 
b). Curve adjustment depends on the density value of each 
formation obtained from [Telford et al., 1990], where the 
young volcanic deposits (Qhv) consist of lava (andesite-ba-
salt), breccia and tuff with a density value of 2400 kg/m3, 
the Tarahan formation (Tpot) consists of compact tuff and 
chert breccia with a density value of 2200 kg/m3, and the 
Lampung formation (Qtl) consists of pumiceous tuff, rhyo-
lite tuff, compact tuff, tuffaceous claystone, and tuffaceous 
sandstone with a density value of 2100 kg/m3.

The basement in the study area is the unseparated 
Mount Kasih complex (Pzg) consisting of pelitic schist and 
a little gneiss with a density value of 2800 kg/m3. The for-
ward modeling result on Line 2 also shows the existence 
of a graben structure with the same pattern as shown by 
the 3D inversion result, where high- and low-density con-
trasts are indicated as a graben structure (see Fig. 10, d). 
However, the 3D inversion modeling result on Line 2 also 
cannot show the presence of the study area’s basement or 
the Mount Kasih formation (Pzg).

The analysis of the study area’s structure was conducted 
to observe the relationship between the geological event 
analysis, SVD, 2D forward modeling, and 3D inversion with 
the amplification potential in the study area. Referring to 
the earthquake that occurred in Yogyakarta in 2006, where 
wave amplification occurred in areas located along the 
fault lines dominated by uncompacted sedimentary rocks 
[Elnashai et al., 2007]. Based on the results of the 2D and 
3D modeling, it can be seen that the study area exhibits 
a graben structure. This is supported by the low residual 
gravity anomaly which is supposed to be a response from 
pyroclastic volcanic materials (tuff and breccia) and rela-

tively thick sediments in the central part of the study area 
or around the districts of Tanjung Karang Barat, Tanjung 
Karang Pusat, and extending to the districts of Teluk Betung 
Barat, Teluk Betung Utara, and Teluk Betung Selatan.

The mapping-confirmed SVD analysis results indicate 
the presence of the Panjang Lampung fault structure with 
a relatively similar orientation but non-intersecting. The 
previous earthquakes, such as occurred in 1913 [Naryanto, 
2008], imply that the presence of the Panjang Lampung 
fault as an active fault and the low residual gravity anom-
aly in the central part of the study area could be linked to 
a response from pyroclastic volcanic products and thick 
sediments, which makes the study area potentially sus-
ceptible to the impact of amplification in the event of an 
earthquake disaster.

5. CONCLUSION
Acquisition and processing of gravity data were car-

ried out in Bandar Lampung City at 56 points covering the 
entire city area with a 700–1000 m distance between the 
points. The complete Bouguer anomaly results in the re-
search area range from 41.9 to 73.3 mGal. The distribution 
of high anomalies occurs in the western and eastern re-
gions, while the low anomalies are found in the southern 
and northern parts. The residual gravity anomalies indi-
cate the presence of low values, which are estimated to be a 
response to the presence of pyroclastic volcanic rocks and 
sediment materials in the central region of the research 
area. The results of the SVD analysis indicate the existence 
of faults that separate low and high anomalies.

Based on the 2D forward modeling and 3D inversion, 
information is obtained on the geological formations in the 
research area. There can be distinguished the young vol-
canic formation (Qhv) with a density of 2400 kg/m3, the 
Tarahan formation (Tpot) with a density of 2200 kg/m3, and 
the Lampung formation (Qtl) with a density of 2100 kg/m3. 
The modeling also identifies the intrusion of unseparated 
granite (Tmgr) with a density of 2600 kg/m3, as well as the 
presence of basement in the research area indicating the 
unseparated Gunung Kasih complex (Pzg) with a density 
of 2800 kg/m3.

The results of this research show us that the city of 
Bandar Lampung is likely located above the graben-bound-
ing Panjang Lampung fault as the main fault. The graben is 
situated in the city center and the Panjang Lampung fault 
is found along the eastern side of the city, extending from 
Tarahan to the north. The graben and Panjang Lampung 
fault were identified and confirmed by the low residual 
anomalies therein, SVD analysis, and local geological infor-
mation. The Panjang Lampung fault is thought to be the 
result of the response to thick layers of pyroclastic volca-
nic products and sediments. This indicates the research 
area potential of experiencing amplification effects when 
an earthquake disaster occurs.
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