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Abstract: The Ombilin Basin in West Sumatra is one of the oldest 
intermontane basins in Indonesia that has significant geological potential, 
especially in relation to coal content and possible petroleum systems. This 
study uses a three-dimensional gravity inversion method to model the 
distribution of subsurface density from a depth of 0 to 6000 meters. The 
purpose of this study is to examine the subsurface geological modeling in 
the Ombilin Basin and to be a reference in exploration geophysical studies 
in other basins in Indonesia that have similar characteristics. Corrected 
regional gravity data are used as input in the inversion process to 
reconstruct the relative density model of rocks. The inversion results show 
a low-density zone (Δg between -0.1995 to -0.0099 gr/cc) in the central and 
southwest parts of the basin associated with sedimentary deposits such as 
sandstone, shale, and coal. At depths of more than 4000 meters, a high-
density zone is identified that reflects the presence of basement rocks or 
possible magmatic intrusions. This density distribution strengthens the 
understanding of the basin geometry and potential hydrocarbon traps. This 
study shows that the gravity inversion method is an effective and 
economical approach for subsurface geological interpretation, especially in 
areas with limited exploration data. 
 
Keywords: Basement; Geophysical methods; Gravity inversion; Ombilin 
Basin; Subsurface density 

  

Introduction 
 
The Ombilin Basin is one of the oldest intermontane 

basins in Indonesia located in West Sumatra. This basin 
was formed as a result of intensive tectonic activity 
during the Tertiary period and is widely known for its 
abundant coal content and complex geological history. 
Knowledge of the subsurface structure of this basin is 
very important, not only in the context of natural 
resource exploration such as coal and hydrocarbons, but 
also to understand the tectonic dynamics of the western 
Sumatra region (Zonneveld et al., 2025; Chen et al., 2015). 
Strain on the outermost curve (extrados) of the Sunda 
Orocline (the direction of relative motion is indicated by 
the red arrow) during the Paleogene rotation caused the 
formation of a sedimentary basin (Incerti et al., 2025; 
Yuan et al., 2022).  

The Sumatra Fault System is only dominated by one 
shear fault zone that has been active since the late 
Neogene, which caused the formation of several 
grabens. The formation process of this Transtensional 
can be divided into 3 main phases including: D1: First 
phase At pre-Tertiary age where this phase was formed 
by strong north-south compression due to the 
subduction of the Indian-Australian ocean plate under 
the Sunda shelf, thus forming a series of normal faults 
that caused the formation of the Payakumbuh Sub Basin 
and the Ombilin Basin depocenter; D2: The second phase 
of tectonism occurred from the Late Eocene to the Early 
Miocene and experienced a shift in the direction of 
compression from north-south to northeast-southwest; 
D2 is characterized by the breakup of the Ombilin Basin 
into 2 sub-basins, namely the Talawi Sub-basin and the 
Sinamar Sub-basin; D3: The third and final phase of 

https://doi.org/10.29303/jppipa.v11i8.11762
https://doi.org/10.29303/jppipa.v11i8.11762


Jurnal Penelitian Pendidikan IPA (JPPIPA) August 2025, Volume 11, Issue 8, 593-600  

 

594 

deformation from the Late Miocene to the Pliocene 
characterizes the closure of the Ombilin and 
Payakumbuh Basins due to continuous compression 
from the northeast-southwest. Which resulted in 
increasing folding intensity. Geophysical methods, 
especially the gravity method, have proven to be one of 
the efficient and economical approaches in identifying 
variations in subsurface rock density (Omolaiye et al., 
2024; Abdelfattah, 2024). 

Gravity field measurements allow for indirect 
interpretation of geological structures, especially in 
areas with limited seismic or well data (Eshagh, 2021; 
Harms, 2015). However, raw gravity data only provide a 
one-dimensional picture (Izvoltova et al., 2022; 
Karaiskos et al., 2024). Therefore, the inversion process 
is the main key in reconstructing a three-dimensional 
density distribution model from gravity field anomaly 
data. Gravity inversion allows estimation of the relative 
density distribution of subsurface rocks by minimizing 
the difference between measured gravity anomalies and 
simulation models (Y. Li & Oldenburg, 1998; Yasmin et 
al., 2024; Setiahadiwibowo et al., 2025). In the context of 
sedimentary basins such as Ombilin, gravity inversion is 
useful for identifying the boundary between low-density 
porous sedimentary rocks and dense basement rocks at 
greater depths. The density distribution obtained from 
the inversion provides important information about the 
basin geometry, potential structural traps, and the 
location of basement intrusions or uplifts (P. Li et al., 
2021).  

Previous studies in the Sumatra region have shown 
the effectiveness of this method in revealing complex 
geological structures in areas dominated by active 
tectonic activity. For example, De Lima et al. (2023),  Yan 
et al. (2021) and  Deng et al. (2025), used gravity 
inversion to trace the lithospheric boundary and crustal 
structure along Sumatra, which can be relevantly 
applied in Ombilin. In addition, Martins et al. (2019), 
emphasized that the combination of gravity data with 
local geological models can improve the resolution of 
interpretation (Ramdani et al., 2024; Thanh Pham et al., 
2021), especially in closed basins with large sediment 
thicknesses. In this study, a 2D gravity inversion 
approach was used to interpret the subsurface density 
distribution in the Ombilin Basin from surface depth (0 
meters) to 6000 meters.  

The inversion results show that low-density zones 
are predominantly distributed in the central and 
southwest parts of the basin, reflecting the filling by 
porous sedimentary rocks such as sandstone, shale, and 
coal. Meanwhile, at depths of more than 4000 meters, 
higher density zones associated with Pre-Tertiary 
basement rocks or igneous intrusions are identified. 
Understanding this density distribution pattern is 
crucial for identifying potential hydrocarbon traps, 
interpreting petroleum systems, and modeling the 
overall evolution of the basin. With this approach, this 
study is expected to contribute to subsurface geological 

modeling in the Ombilin Basin and become a reference 
in exploration geophysical studies in other basins in 
Indonesia that have similar characteristics. 
 

Method 
 
The Ombilin Basin is 60 km long and 25 km wide. 

In the north, this basin is bordered by the Payakumbuh 
area, while in the south it is bordered by the Solok area. 
There are two major events that play a role in the 
formation of this basin and are seen in its sedimentation 
model, namely tectonism and magmatism. This study 
uses a three-dimensional gravity data inversion method 
to estimate the distribution of subsurface density in the 
Ombilin Basin, West Sumatra. The data used are regional 
gravity data that have been corrected with drift, tidal, 
latitude, free-air, and terrain corrections to produce 
complete Bouguer anomalies. Residual anomalies are 
calculated by separating regional and local components 
using a low-order polynomial approach. The inversion 
process is carried out using a regularized least-squares 
approach to solve linear problems with smoothness 
regularization, in a 3D voxel grid domain up to a depth 
of 6000 meters. The initial model is assumed to be 
homogeneous and inversion is performed iteratively to 
minimize the difference between observed and synthetic 
anomalies. The inversion results are visualized in the 
form of vertical slices at several depths and analyzed to 
identify low and high density distribution patterns 
related to the geological structure of the basin and the 
potential for sediment filling. Interpretation is carried 
out by considering regional geological conditions, 
especially the presence of Pre-Tertiary sedimentary and 
basement rocks in the Ombilin basin area (Wang et al., 
2023). 
 

 
Figure 1. Research flow diagram 
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Result and Discussion 
 

Ombilin is a graben formed by a pull-apart 
structure produced during the Early Tertiary period, the 
study also produced geological mapping that provides 
information that recent oil and gas exploration shows 
that the Ombilin Basin is a basin filled with Early 
Tertiary sedimentary layers, flanked by pre-Tertiary 
Bukit Barisan rocks from the east and west (Hastuti, 
2017; Idarwati et al., 2025; Adrianda et al., 2025). 
Structural relationship between the Sunda Orocline 
structure (red dashed line) and the Sumatra Fault System 
(solid yellow line). 

 

 
Figure 2. Geology map of Ombilin Basin 

 

Bouguer Anomaly Complete 
The gravity data obtained is complete bouger 

anomaly data that has been corrected, where the gravity 
anomaly value ranges from -26 to 28 mgal. Especially for 
the Ombilin Basin area, the anomaly value looks low, 
which is around -26 to 5 mGal. 
 

 
Figure 3. Complete bouger anomaly map 

 

Filtering Map 
The separation of regional and residual anomalies 

in this study is by using a Bandpass Filter, which aims to 
eliminate the Regional influence (low-pass) in the 
Ombilin Basin, as well as eliminate local or instrumental 
noise (high-pass). The Long wavelength cutoff value of 
50,000 has been applied, and the short wavelength cutoff 
of 3800, so that the gravity value of the residual anomaly 
ranges from -11 to 5 mGal. 

 

 
Figure 4. Gravity map after bandpass filter 

 
Focus 2D gravity inversion is performed on the F 

trajectory with quite significant gravity value anomalies. 
 

 
Figure 5. Comparison of CBA and bandpass filter graphs 

 
Inversion Results 

The inversion results on trajectory F show a fairly 
low misfit value, this can be seen in the observation data 
graph with the calculation result graph which has almost 
the same value. Low density values are seen at shallow 
depths of around 0 to 1000 m, but curve further in the 
middle of the trajectory. 
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Figure 6. Inversion results on trajectory F 

 

 
Figure 7. Seismic cross-section on line F 

 

The reflector is clearly visible and continuous on the 
seismic cross-section of Line F at a depth of 1500-2000 m. 
The seismic reflector appears to decrease or is faint in the 
middle of the line at a depth of around 2000 – 3000, and 
is unclear at depths above 3000 m. 
 

 
Figure 8. Seismic cross-section on line F 

The seismic cross-section shows a clear reflector at 
a depth of 1500-2000 m, with low density distribution 
data in the zone ranging from -0.1995 to -0.0745 gr/cc. 
The seismic reflector at a depth of 2000 to 3000 does not 
look very continuous or clear, with a density value 
(around -0.0298 to 0.0104 gr/cc). 

 
Density Distribution 

The depth slice map of gravity inversion results at a 
depth of 1000 meters in the Ombilin Basin area shows a 
distribution of Δg values that are entirely in the negative 
range, namely between -0.1995 to -0.0745 gr/cc. This 
range indicates that the entire zone at this depth is 
dominated by low-density material, with no indication 
of high-density rocks such as igneous rocks or basement 
rocks. The anomalous zone with the lowest Δg value 
(dark blue) is concentrated in the central to southeastern 
part of the map and extends southward (Li, 2025; Ligi et 
al., 2022), indicating the possibility of thick sediment 
deposition such as claystone or coal from the 
Sawahlunto and Sangkarewang Formations which are 
indeed common in the center of the basin. This even 
distribution of low density strengthens the 
interpretation that the area is still in the basin filling 
zone, and has not reached the depth where the basement 
rock is exposed. The elongated pattern of low gravity 
anomalies can also reflect the presence of geological 
structures such as grabens or dip faults, which are the 
main routes of thick sediment deposition (Balkan & Tün, 
2023; Tillmans et al., 2021). 

 

  
Figure 9. Depth slice map of gravity inversion results at a 

depth of 1000 meters 

 
The depth slice map of gravity inversion results at a 

depth of 3000 meters in the Ombilin Basin area shows 
significant changes in density distribution. At this depth, 
zones with Δg values approaching zero to mildly 
positive (around -0.0298 to 0.0104 gr/cc) begin to appear, 
indicated by a gradation of green to yellow and orange. 
This indicates that the rocks at this depth have a higher 
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density than the layers above them, which is most likely 
a transition from sedimentary rocks to more compact 
rocks, or even approaching the basement of the basin. 
The light blue zone in the middle of the map that still 
reflects mildly negative Δg values indicates the presence 
of remnants of medium-porosity sediments (Sun et al., 
2025), but in general, this area shows a dominance of 
rocks with denser physical characteristics. The 
distribution of positive anomalies that began to develop, 
especially in the northern and western parts of the map 
(Ariska et al., 2024; Nicholson et al., 2018), indicates that 
the basement began to be identified, consistent with the 
regional geological model in which the basement of the 
Ombilin Basin is quite shallow at the edge of the basin 
and deepens towards the center. This change in anomaly 
value is in line with the geological structure of the 
Ombilin Basin which is in the form of a graben, where 
the center is a subsidence zone filled with Paleogene 
sediments, while the sides are bounded by faults and 
flanked by older and denser Pre-Tertiary rocks. 

 

 
Figure 10. Depth slice map of gravity inversion results at a 

depth of 3000 meters 

 
The gravity inversion slice map at a depth of 6000 

meters in the Ombilin Basin area shows a very clear 
dominance of positive gravity anomalies, with Δg values 
reaching a range of 0.0006 to more than 0.0327 gr/cc. The 
widespread dark red to pink color, especially in the 
central and southern parts of the map, indicates the 
presence of very high-density rocks associated with the 
Pre-Tertiary basement underlying the entire basin (Fosso 
Menkem et al., 2024; Robertson et al., 2020; J. Chen et al., 
2022). The existence of these high anomaly zones 
indicates that at this depth, the basin-filling sediments 
are no longer developing and the entire volume of space 
is likely occupied by massive basement rocks (Pohan et 
al., 2023; Ekwok et al., 2022; Kaban et al., 2021). These 
characteristics are very consistent with the geological 
character of the Ombilin Basin, which is an old 

intermontane basin, surrounded by metamorphic and 
igneous rocks that have been uplifted as a result of 
intensive tectonic activity. The sharp decrease from 
negative anomalies at shallow depths to a predominance 
of positive anomalies at 6000 m reflects the vertical 
transition from porous and light sedimentary layers to 
dense non-porous basement rocks. Structurally, these 
positive anomalies may also represent the presence of 
complex basement structures such as horsts, deep thrust 
faults, or potential magmatic intrusions (Masror et al., 
2025; Issatayeva et al., 2025; Eze et al., 2024). 

 

Figure 11. Depth slice map of gravity inversion results at a 
depth of 6000 meters 

 

Conclusion  
 
The results of three-dimensional gravity data 

inversion in the Ombilin Basin successfully revealed the 
distribution pattern of subsurface density from a depth 
of 0 to 6000 meters. Low-density zones with a range of 
values between -0.1995 to -0.0099 were predominantly 
found in the central and southwest parts of the basin, 
which were interpreted as filling sedimentary rocks such 
as sandstone, shale, and coal. Meanwhile, at a depth of 
more than 4000 meters, relatively higher density zones 
associated with basement rocks or magmatic intrusions 
began to be identified. This density distribution reflects 
the geological architecture of the Ombilin Basin which is 
controlled by tectonic processes and intermontane 
sedimentation. Thus, the gravity inversion method has 
proven effective in mapping variations in density and 
subsurface structures non-invasively, and can be used as 
an initial basis for geological resource exploration in 
similar basins. 
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