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A B S T R A C T   
We have reviewed several research related to the estimation of subsurface 
structure on several area in Indonesia using gravity method based on 
satellite image. There are located in Semarang City, Mount Tandikat, Mount 
Muria, Majene Earthquake Affected Area, and Mount Merapi-Merbabu. The 
aim of this literature study is to determine the accuracy of satellite gravity 
data to identify and model subsurface structures by testing them in several 
cases. Data processing was carried out starting from the free air anomaly and 
then field correction was carried out to obtain the Bouguer anomaly. 
Moreover, different advanced processing is carried out, such as gradient 
analysis, 2D and 3D modeling. The software used includes GRAV2DC, 
Gravblox, Bloxer, and Grav3D.The results show variations in rock density and 
subsurface structure at each location. Subsurface modeling includes rock 
types, faults and basins that can help understand local geology. The study 
also shows estimates of the thickness of the sediment layers at several 
research locations. The research results show variations in rock density in 
various locations (granite, sandstone, andesite, mudstone) with different 
density values (between 1 g/cm³ to 2.9 g/cm³). Generally, gravity data from 
satellite images can provide subsurface information such as lithology, 
geological potential, the presence of hydrothermal pathways and structures. 
Regarding the type of fault, it is necessary to carry out geological 
observations in the field and cannot just rely on the results of gravity 
modeling. Furthermore, the results of gravity mapping will play an important 
role in disaster risk management and understanding geodynamics in the area 
studied.  

 
1. Introduction 
Indonesia, as a country located on the Pacific Ring 
of Fire, is a region that often experiences significant 
geological activities, such as earthquakes, volcanic 
eruptions, and other geological phenomena. 
Research on the identification of subsurface 
structures has become a major focus in geological 
understanding and disaster risk mitigation. One 
method that is increasing attention is gravity 
method which is taken from satellite image. This 
method utilizes changes in the strength of the 
gravity field at the Earth's surface to identify 
variations in the density of the underlying rocks. 
The success of several previous studies, such as 
Mount Merapi and Mount Merbabu-Merapi has 
shown the potential of this method in mapping and 
understanding complex geological formations in 
volcanically active areas [1] [2]. 

This method not only provides a structural 
overview, but also helps in identifying potential 
geological hazards, such as volcanic eruptions or 
plate shifts. Bener Meriah district has utilized to 
understand the natural resource potential and 
geological risks in the area [3]. In other places such 
as Sumber Manjing Wetan Village and Druju Village 

in South Malang has provided a deep understanding 
of underground formations that affect 
infrastructure and water resources [4]. 

Along with the importance of the success studies, 
the gravity method has applied it in different 
contexts is increasing. The eruption of Mount 
Semeru in 2022, for example, triggered an urgent 
need to understand the impact of the eruption and 
potential future threats [5]. Meanwhile, Mount Ijen 
Banyuwangi becomes crucial in the context of 
environmental conservation and mineral resource 
utilization [6]. 

Two-dimensional modelling subsurface 
structure estimation at Mount Kelud [7], gravity 
methods have been used to get an in-depth picture 
of the subsurface structure of Mount Kelud, an area 
with high volcanic activity. In the Slamet volcano 
area, a similar approach was used to identify 
potential geothermal reservoirs, which has 
significant implications for renewable energy [8]. 

Volcanological Survey of Indonesia has studies 
gravity survey in Central Java demonstrate the 
relevance of this method in the context of regional 
geology, allowing researchers to gain an in-depth 
understanding of subsurface structures over large 
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areas [9]. Meanwhile, on the Bentarsari Basin of 
Brebes shows the importance of integrating data 
from various satellite sources to get a more 
comprehensive picture [10]. 

On a more specific scale, studies such as 
Gradient analysis of gravity and magnetic data 
beneath Gedongsongo geothermal manifestations. 
The results shows that geothermal manifestations 
in Gedongsongo area has well corelated with fault 
[11]. Moreover, based from mathematical analysis 
of Bouguer correction demonstrate the 
effectiveness of this method in the context of 
geothermal and detailed understanding of 
subsurface structures [12]. Furthermore, with this 
research Complete Bouguer Anomaly Mapping, this 
study demonstrates the direct application of the 
gravity method in the mapping and qualitative 
analysis of rocks in the Paman Calan geothermal 
area [13]. 

Overall, the Gravity method based on satellite 
image anomaly data has proven to be an effective 
tool in geological research. Its success in several 
studies has emphasized its urgency and relevance in 
understanding, mitigating and responding to 
diverse geological challenges in various regions. 
Therefore, follow-up research with similar 
approaches in different locations is expected to 
provide broader and deeper insights for community 
sustainability and security. 

The method used in this literature study is the 
gravity method based on satellite image anomalies. 
This method allows identification and modeling of 
subsurface structure and mass distribution in 
various locations, including Semarang City, Mount 
Tandikat, Muria Peninsula, Majene earthquake-
affected area, and Mount Merapi-Merbabu. 

Semarang City, as the capital of Central Java 
Province, is one of the cities with significant 
geothermal potential. To effectively utilize 
geothermal resources, an in-depth understanding of 
the subsurface structure and density distribution of 
rocks is required. This study aims to contribute to 
the exploration of geothermal resources in the 
region [14]. 

Mount Tandikat, located in West Sumatra, is also 
a crucial research site. Geothermal energy is one of 
the potential renewable energy sources, but to 
utilize it effectively, a deep understanding of the 
subsurface structure is required. This research aims 
to identify rock structures and faults on Mount 
Tandikat, which can provide important information 
in the development of geothermal potential in the 
area [15]. 

Mount Muria, located in Central Java, has a deep 
need for an understanding of subsurface structures. 
The region has a rich geological history and 
potential for natural disasters such as earthquakes. 
This research uses gravity methods to model the 
subsurface structure and identify variations in rock 
density in the study area. This will provide a better 
understanding of the geological evolution of the 
Muria Mountain and potential disasters that may 
occur [16] [17]. 

The Majene area in West Sulawesi is also a focus 
of research, especially in disaster mitigation efforts. 

An understanding of the subsurface structures 
around this region is essential. Power spectral 
analysis of gravity anomaly data is used to estimate 
sediment depth and identify subsurface structures. 
The results of this study will provide valuable 
information for disaster mitigation efforts and 
regional development in the region [18]. 

Finally, this study also covers Mount Merapi and 
Mount Merbabu. Both of these mountains are active 
volcanoes, and an understanding of the structure 
and characteristics of the subsurface magma 
chamber is crucial for future volcanic disaster risk 
mitigation. This research can also contribute to the 
understanding of volcanic activity in this region 
[19]. 
 
2. Methods  
The underlying theory of gravity surveys is 
Newton's law of attraction between two point 
masses, where the magnitude of the force between 
two point masses m1 and m2 separated by a 
distance is 

  (1) 

 
where F is the force (Newton),  is the distance 
between the two bodies (meter), m1 and m2 are the 
masses of each body (kg), and G is the universal 
gravitational constant (6.67 x 10-11 Nm2/kg2). 
Furthermore, the force per unit mass of particle m1 
that has a distance from is called the 
gravitational field of particle , which can be 
expressed as: 

 

     (2) 

 
Since the gravitational field is conservative, it can 
be written as the gradient of a scalar potential 
function U(F) so that equation (2) can be written as: 

 

 (3) 
 

with is the gravitational potential of 

the mass m1. 
The research method applied is to conduct a 

literature review and analysis of previous studies 
that have been carried out in various locations, 
including: Semarang City area, Central Java, 
Indonesia [14]; Mount Tandikat, West Sumatra, 
Indonesia [15]; Mount Muria, Central Java, 
Indonesia [16]; Majene Area, West Sulawesi, 
Indonesia [18]; lastly, Mount Merapi and Mount 
Merbabu, Central Java, Indonesia [19]. 
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Fig. 1: Research area in Semarang City area, Central 
Java, Indonesia [14] 

 
Fig. 2: Research area in Mount Tandikat, West 
Sumatra, Indonesia [15] 

 

 
 

Fig. 3: Research area in Mount Muria, Central Java, 
Indonesia [16] 

 Fig. 4: Research area in Majene, West Sulawesi, 
Indonesia [18] 

 

     
Fig. 5: Research area in Mount Merapi and Mount 
Merbabu, Central Java, Indonesia [19] 

The research methods used in the previous 
study were a key step in the estimation of 
subsurface structures at various locations in 
Indonesia. In the data processing process of each 
location, not all are the same, but most include a 
series of steps focused on analyzing gravity 
anomalies using satellite imagery, as well as 2D and 
3D modeling using several specialized geophysical 
software tools. The following is a description of the 
research methods used: 
2.1. Gravity Data Collection 
Gravity data was obtained from satellite images 
covering the study area, including Semarang City, 
Mount Tandikat, Muria Peninsula, Majene 
earthquake-affected area, and Mount Merapi-
Merbabu. This data includes gravity anomaly values 
at every point on the earth's surface [6]. 
 
2.2. Bouguer Correction and Topographic 
Correction 
The gravity data obtained above needs to undergo 
Bouguer correction and topography correction. 
Bouguer correction is required to remove the 
gravitational effects of materials above the 
measurement point, including topography. This 
aims to obtain a complete Bouguer anomaly [20]. 
 
2.3. Power Spectral Analysis 
The obtained gravity anomaly data were analyzed 
using power spectral analysis. The ABL (complete 
Bouguer anomaly) data is converted from distance 
domain to wave number domain using Fourier 
transform. Power spectral analysis provides insight 
into the distribution of rock mass in the subsurface 
and helps in identifying subsurface structures [20]. 
 
2.4. 2D and 3D Modeling 
2D and 3D modeling is performed using specialized 
software, such as GRAV2DC, Grablox, Bloxer, and 
Grav3D. This modeling aims to identify and model 
subsurface structures. The modeling results include 
rock types, faults, and basins in each of the research 
locations [20]. 
 
2.5. Regional and Residual Anomaly Analysis 
During the analysis, regional and residual anomaly 
analysis was also conducted. This aims to identify 
deeper and shallower sources of anomalies. This 
analysis provides an estimate of the regional depth 
and residual anomalies associated with the 
subsurface structure [21]. 
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2.6. Interpretation of Results 
The results of the modeling and analysis are used to 
interpret the subsurface structures at each of the 
study sites. This includes rock types, faults and 
depressions that aid the understanding of the local 
geology [22]. 

3. Results and Discussion 
From the five studies we have reviewed, the 
application of gravity methods based on satellite 
anomaly data to identify subsurface structures 
makes a significant contribution to the 
understanding of geological areas Semarang City 
[14], Mount Tandikat [15], Mount Muria [16], 
Majene Earthquake Affected Area [18], and Mount 
Merapi-Merbabu [19]. 

In the first study, gravity anomaly data 
measured by satellites must go through processing 
before it can be interpreted to estimate subsurface 
structures. Data processing resulted in Bouguer 
anomaly values that showed a diverse distribution, 
with a maximum value of 19 mGal and a minimum 
value of -4 mGal. The average density of the surface 
rocks is 2.67 g/cm³.  

Based on the Bouguer anomaly contour map, 
rock contacts between low and high-density rocks 
were identified. The first rock contact layer has a 
density contrast of 1 g/cm³ with a rock density 
contrast of 2.8 g/cm³. The next rock contact has a 
density contrast of 0.7 g/cm³ with a density 
contrast rock of 2.76 g/cm³. The contact layer is 
supported by a solid base layer with a density 
contrast of up to 2.9 g/cm³. 

 

Fig. 6: Complete-Bouguer Anomaly Map in 
Semarang City [14] 

The results of this study provide an in-depth 
understanding of the subsurface structure in the 
study area. 2D modeling with density contrast is 
able to identify rock layers and contacts between 
rocks with different densities. However, there are 
limitations to the measurement data, in that the 
gravity anomaly data from the Topex/Poseidon 
satellites must be processed before it can be 
interpreted. This includes the uncertainty of 
translating anomaly values into accurate subsurface 
structures. There are also limitations in the spatial 
resolution of the data that can affect modeling 
accuracy, especially in areas with high density 
variations [14]. 

In the Second Study, the Bouguer anomaly 
contour map shows three zones with different 
value ranges. Zone I, located at the top to the foot of 
Mount Tandikat and Maninjau Caldera with a range 
of -124.4 mGal to -17.3 mGal. Zone II, in the range of 
-13.9 mGal to -0.5 mGal, is dominated in the 
southern part of the study area. Zone III, located in 
the landslide area of Mount Tandikat with a range 
of 2.1 mGal to 29.1 mGal.  

 

Fig. 7: Complete-Bouguer Anomaly Map in Mount 

Tandikat [15] 

Negative Bouguer values occur because they 
involve a reduction in the attraction of mountain 
masses, especially in larger mountainous areas. 
CBA filtering produces regional and residual 
anomaly maps. The regional anomalies are in the 
range of -199.0 to 30.3 mGal, while the residual 
anomalies are in the range of -28.7 mGal to 21.8 
mGal. 2D interpretation using slicing on the 
residual anomaly map provides an overview of the 
subsurface structure. The interpretation results 
show rock layers with varying thicknesses, rock 
densities between 1.93 g/cm³ to 2.9 g/cm³, and the 
dominance of andesite rocks. This study presents a 
comprehensive identification of subsurface 
structures in the study area. Starting from Bouguer 
anomaly analysis, CBA filtering, 2D interpretation, 
to derivative analysis, all stages are carried out 
thoroughly. Although the 2D interpretation results 
provide a detailed picture of the subsurface 
structure, there is an error rate of 1.76%. This can 
be caused by variations in rock type and thickness 
which are difficult to predict precisely. In addition, 
derivative analysis requires careful interpretation, 
and the results may be affected by certain 
assumptions used in the analysis process [15]. 

In the third study, the Bouguer anomaly 
contours show three rock density zones: low, 
medium, and high density. The Bouguer anomaly 
values range from 169.5 mGal to 197.7 mGal.  
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Fig. 8: Complete-Bouguer Anomaly Map in Mount 
Muria [16]  

 
Low anomalies are interpreted as areas with 

low rock density, possibly caused by alluvial 
sedimentary deposits or tectonic basins. Medium 
and high anomalies are associated with the slopes 
of Mount Muria and older volcanic rocks. 
Subsurface structural modeling using five incision 
passes revealed rock layers with significant density 
contrasts. The average density of the surface rocks 
is 2.67 g/cm³. 2D modeling shows several rock 
layers with different densities and thicknesses. The 
modeling results table presents information on 
rock layers, depth, thickness, density contrast, and 
rock type. The modeling results show rock contacts 
that can be indicated as faults. 

There are several contact layers, with low 
density (1 g/cm³) meeting high density (2.8 g/cm³). 
The modeling indicates the presence of complex 
structures, including a dense base layer with a 
density of 2.9 g/cm³. This research integrates 
several methods that can provide a more 
comprehensive understanding of the geological 
structure in the study area, but has the limitation of 
using Bouguer anomaly data obtained from a single 
source, namely from the website 
http://bgi.omp.obs-mip.fr. This limitation in data 
sources can affect the validity and 
representativeness of the research results. The use 
of data from a single source can also increase the 
risk of bias or uncertainty [16]. 

In the fourth study, this research focused on 
analyzing the Bouguer anomaly and estimating the 
subsurface structure in the Majene region. After 
processing the free air anomaly data and calculating 
the average density, Bouguer anomaly values 
ranging from -50 to 110 mGal were obtained. There 
is an anomaly distribution pattern, with high values 
centered in the southern part and low values in the 
northern edge, in accordance with the negative 
correlation between Bouguer anomaly and 
topographic elevation. Furthermore, power 
spectrum analysis on the Bouguer anomaly map 

reveals information about the thermal structure of 
the mantle and variations in crustal thickness.  

The analysis was performed separately for the 
East-West and North-South paths, yielding regional 
and residual anomaly depth estimates. The depth 
variations are related to various geological sources, 
which are then interpreted as the thickness of the 
sedimentary layers. 

Sediment thickness profiles were generated for 
both directions, showing the complexity of the 
underlying structure is more complicated than 
before. The results of the power spectrum analysis 
were validated by comparing them with previous 
studies on subsurface structures in the Majene 
region. Three-dimensional modeling shows the 
dominance of claystone with variations in density, 
ranging from 1.6 g/cm³ to 2.4 g/cm³. 
The Map of Majene Bouguer Anomaly that has been 
sliced by nine lines for the East-West and North-
South direction to obtain the profile of anomalies. 
Slicing in the horizontal direction (East-West) will 
interpret the North-South depth profile, while 
Slicing in the vertical direction (North-South) will 
interpret the anomalous profile of the East-West 
depth (Fig 9). 

 
 

Fig. 9: Complete-Bouguer Anomaly Map in  
Majene Region [18].  

The average depths of deep and shallow 
discontinuities were calculated for the East-West 
and North-South directions, providing 
comprehensive information on the subsurface 
structure. Correlation with the geological map of 
the Majene region supports the findings, showing 
that the region is dominated by marine 
sedimentary rocks. This study provides results 
consistent with the theory of earthquake 
amplification factors related to the thickness of 
sedimentary layers. However, this study has 
limitations due to the modeling and inversion 
methods used. The use of power spectra for 
sediment thickness estimation can have a certain 
degree of uncertainty, affecting the accuracy of the 
results obtained [18]. 
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In the fifth study, based on the Bouguer anomaly 
contour map and the results of subsurface layer 
structure modeling in the southern region of the 
study, especially around Mount Merapi and Mount 
Merbabu’s magma chamber shows high anomalies, 
reaching 115-175 mGal, indicating high density in 
the subsurface. The free-air anomaly values 
decrease towards the eastern and southern parts of 
the research area. The elevated anomalies observed 
around the Merapi-Merbabu volcanoes suggest 
increased subsurface density in those areas. 

The Bouguer anomaly map was further adjusted 
to create a Complete Bouguer Anomaly (CBA), with 
gravity values ranging from -300 to 300 mGal. The 
elevated anomaly is situated around Mount Merapi 
and Merbabu, while a lower anomaly is observed in 
the eastern section of the study area. The presence 
of a high anomaly correlates with increased density 
in that particular region. These findings align with 
previous studies indicating that the Mount Merapi-
Merbabu complex exhibits higher density compared 
to surrounding rock formations. 
 

 
 
Fig. 10: Complete-Bouguer Anomaly Map in Mount 
Merapi and Mount Merbabu [19]. The high anomaly 
indicates high density in that area than the other 
rocks around Mt. Merapi and Mt. Merbabu. Profile 
A-B was marked by white line in the map. 

 
Secondly, 2-D gravity modeling was performed 

to separate the anomaly into a series of spatial 
components related to density "depth slices". Five 
subsurface layers under Mount Merapi and 
Merbabu were identified, including pyroclastic 
rocks, magma chambers and bedrock with varying 
density values [19]. Third, the pyroclastic rock layer 
has a density of about 2.15 g/cm³ at a depth of 0-
500 m, while the magma layer shows differences 
between Mount Merapi and Merbabu, with 
densities ranging from 2.6-2.75 g/cm³. The bottom 
layer has a density of about 2.8 g/cm³ at a depth of 
5-8 km, while the top layer reaches 3.0 g/cm³ [19]. 
Fourth, there are two magma chambers under 

Mount Merapi, with densities of about 2.70 g/cm³ 
and 2.75 g/cm³. Mount Merbabu has a magma 
chamber with a higher density, reaching 2.75 g/cm³ 
at a depth of 4.5 km [19]. Fifth, the difference in 
magma chamber density and depth may explain 
why Mount Merapi is more volcanically active than 
Mount Merbabu [19].  

This study provides deep insight into the 
structure of the subsurface layers in the Majene 
region, having important implications for the 
understanding of seismic risk and construction 
planning in the area. However, limited direct 
validation through independent geological methods 
or comparison with direct field measurements is 
required to improve the accuracy of the data in this 
study [19]. 

Overall, these five studies provide important 
contributions to the understanding of subsurface 
structures using gravity methods and satellite 
anomaly data. Although each has advantages and 
disadvantages, combining the findings from these 
five studies can provide a more comprehensive 
understanding of the geological characteristics of 
the respective study areas.  

4. Conclusions  
The conclusion of this research is that the gravity 
method based on satellite image anomaly data, 
especially analysis of gravity data with Bouguer 
correction, power spectral analysis, 3D modeling 
using Grav3D software, and regional and residual 
anomaly analysis, can be used to identify and model 
subsurface structure and mass distribution in 
various areas, including Semarang City, Mount 
Tandikat, Mount Muria, Majene earthquake affected 
area, Mount Merapi, and Mount Merbabu. 
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