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Abstract. Sumedang is a region with complex tectonic activity, 
making the identification of subsurface fault structures essential for 
understanding geological conditions and potential geohazards. This 

study aims to identify subsurface fault structures in Sumedang, West 

Java, using gravity data through First Horizontal Derivative (FHD) 

and Second Vertical Derivative (SVD) analysis. A total of 271 
Bouguer anomaly data points were analyzed through regional–

residual anomaly separation, spectral analysis, derivative analysis, 

and 2D forward modeling. Spectral analysis estimated average 
regional and residual depths of 9188.13 m and 2564.5 m, respectively. 

Fault interpretation was conducted based on the relationship between 

the SVD zero points and the extreme values of the FHD, supported by 

residual anomaly contrasts. The results indicate reverse faults, normal 
faults, and strike-slip faults with reverse components. The identified 

structures include the Baribis Fault on lines 5 and 7, the Rajamandala 

Fault on line 1, and the Cimanuk Fault on line 5, consistent with the 
Java–Bali–NTB active fault database. The 2D modeling results reveal 

the presence of younger sediment, older sediment, and basement. The 

study demonstrates that the combination of FHD and SVD analysis is 

effective for identifying subsurface fault structures in tectonically 
complex regions such as Sumedang. 
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1. Introduction 
Indonesia is a tectonically active region with a high level of geological vulnerability due to the 

interaction of three major tectonic plates: the Indo-Australian, Eurasian, and Pacific plates. The island 
of Java has been shaped by the ongoing subduction of the Indo-Australian Plate beneath the Eurasian 

Plate, a process that continuously generates crustal deformation in the form of folds, faults, and 
complex fracture zones. This tectonic activity plays a significant role in generating shallow to 

intermediate-depth earthquakes on Java [1–4]. Recent studies indicate that deformation dynamics in 
West Java are strongly influenced by the interaction between the subduction system and structurally 

associated active local faults [3]. Furthermore, the integration of modern geophysical data, such as 
high-resolution gravity and GNSS, has significantly enhanced our understanding of active tectonic 

dynamics [5]. Therefore, studies of subsurface structures are crucial for understanding regional 
geological evolution and supporting efforts to mitigate geological hazards [4],[6]. 

Sumedang Regency is one of the regions in West Java located within a complex tectonic setting 
influenced by subduction activity. This region is affected by several active faults, such as the Baribis, 

Cimandiri, Rajamandala, Cileunyi–Tanjungsari, and Cimanuk faults, which are part of the active fault 
system in western Java [7–8]. Recent research findings indicate that the distribution of faults in West 

Java strongly correlates with patterns of gravity anomalies and modern seismic activity, suggesting 
that most of these faults remain active [9]. Additionally, volcanic activity, particularly from Mount 

Tampomas, has contributed to the stratigraphic and lithological complexity of the study area [8],[10]. 
The interaction between tectonic processes and volcanism has resulted in high lithological 

heterogeneity, ranging from volcanic rocks and sediments to alluvial deposits [7]. Such lithological 
variability may obscure the surface expression of tectonic structures and complicate the identification 

of fault zones using geological observations alone. Therefore, subsurface geophysical investigations 
are required to better delineate fault-related structures in the Sumedang region. 

This structural and lithological complexity makes subsurface conditions in the Sumedang region 
difficult to interpret based solely on surface geological observations. Therefore, geophysical 

approaches serve as an effective method for indirectly identifying subsurface structures. The gravity 
method is one of the most widely used geophysical methods because it can detect variations in rock 
density associated with geological structures such as faults, folds, and intrusions [11–12]. In recent 

years, the use of derivative techniques on gravity data has advanced significantly and has proven 
capable of enhancing the resolution of geological structure interpretation [13]. 

In gravity data processing, derivative analysis such as the First Horizontal Derivative (FHD) and 
Second Vertical Derivative (SVD) are highly effective techniques for highlighting density contrast 

boundaries and identifying fault structures [3],[14]. FHD is used to detect lateral changes in gravity 
anomalies associated with geological structure boundaries, while SVD functions as a high-frequency 

filter capable of enhancing local anomalies and shallow structures [11],[15–16]. Additionally, the 
relationship between the maximum and minimum SVD values can be used to interpret fault types, 

such as normal, reverse, and strike-slip faults [17–20]. 
Recent studies have demonstrated the effectiveness of gravity derivative analysis for identifying 

subsurface fault structures. In the Way Panas geothermal area, Wonosobo, FHD and SVD analyses 
successfully identified several fault structures controlling the geothermal system [21]. Similarly, 

gravity studies in the Mount Ciremai geothermal area revealed fault structures and geothermal 
reservoir zones controlled by subsurface geological features [12]. In southern Sumbawa, SVD analysis 

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta
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proved effective in delineating fault locations and characteristics based on gravity anomalies [17]. In 

the Sumedang region, GGMplus gravity data have been utilized to identify regional geological 
structures around Mount Tampomas [10]. However, these studies mainly focused on regional 

structural mapping or geothermal exploration and did not specifically investigate subsurface fault 
characterization using an integrated FHD–SVD approach validated against active fault data. 

Despite the successful application of FHD and SVD analyses in geothermal and regional 
structural studies, investigations focusing on subsurface fault identification in the Sumedang region 

remain limited. Furthermore, comparisons between gravity-derived fault interpretations and active 
fault maps compiled by the Geological Survey Center (PSG) have rarely been incorporated into similar 

studies. Therefore, this study integrates FHD–SVD analyses, correlation with PSG active fault data, 
and 2D forward modeling to provide a more comprehensive interpretation of subsurface fault 

geometry in the Sumedang area. 
Accordingly, this study aims to identify subsurface fault structures in the Sumedang region using 

gravity data through the integration of First Horizontal Derivative (FHD), Second Vertical Derivative 
(SVD), and 2D forward modeling. The results are expected to improve the understanding of 

subsurface structural geometry and provide supporting information for geological hazard assessment 
in the region.  

 

2. Materials and Methods 

2.1. Study Area 
Measurements were conducted in the Sumedang region at 271 observation points. The Bouguer 
anomaly data, which had undergone correction processes, were subsequently overlaid to analyze the 

distribution of the measurement data, as shown in Figure 1.  
 

 
Figure 1. Gravity measurement stations map 
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The gravity measurement data are presented in Table 1. 

 

Table 1. Bouguer anomaly data 

Gravity Measurement 

Stations 
X Y 

Bouguer 

Anomaly (mGal) 

1 795636.5 9219212 21.219 

2 799616.6 9219189 20.350 

3 803596.8 9219166 16.678 

4 807577 9219142 18.115 

5 811557.5 9219118 21.702 

6 815538 9219094 23.909 

7 819518.6 9219069 25.196 

8 823499.4 9219044 31.732 

9 827480.3 9219019 36.621 

10 831461.3 9218994 33.961 

: : : : 

: : : : 

271 859733.6 9278596 22.241 

 

2.2. Data Processing 
The gravity measurement data were first subjected to a series of corrections to obtain Bouguer anomaly 
values that more accurately represent subsurface density variations. These correction stages included 

drift, tide, latitude, free-air, and Bouguer corrections, resulting in complete Bouguer anomalies ready 
for further analysis [11–12]. The subsequent data processing stages included spectral analysis, 

derivative analysis, fault structure identification, and two-dimensional (2D) forward modeling 
[4],[14]. 

Spectral analysis was conducted to separate regional and residual anomaly components based on 
signal frequency characteristics. This stage included data slicing, Fourier transformation, and the 

construction of spectral curves between the wave number (k) and the logarithm of amplitude (ln A). 
In the frequency domain, the spectral function F(k) was analyzed with respect to the spatial function 

f(x), resulting in a wave number value used as the boundary separating regional anomalies (low 
frequency) from residual anomalies (high frequency). This value was then used as a parameter in the 

filtering process [15–16],[24–25]. 
The separation of regional and residual anomalies was performed using a Gaussian filter, which 

was selected for its ability to produce smoother separation results and minimize noise effects compared 
to other filters [11][16]. In addition, the depth estimation of anomaly sources was carried out through 

spectral analysis by interpreting the slope (gradient) of the ln(A) versus k curve. This gradient is directly 
correlated with the depth of the anomaly source and can therefore be used to estimate the depths of 

regional and residual anomalies [4],[24]. 
Furthermore, derivative analysis using the First Horizontal Derivative (FHD) and Second 

Vertical Derivative (SVD) were applied to the residual anomaly map. This analysis aimed to enhance 
density contrast boundaries and highlight linear patterns indicating the presence of fault structures 
[3],[13-14]. FHD was used to identify lateral changes in anomaly gradients by calculating the first 

derivative in the horizontal directions (x and y). Mathematically, the FHD is expressed as:  

𝐹𝐻𝐷 = √(
𝜕𝑔

𝜕𝑥
)

2
+ (

𝜕𝑔

𝜕𝑦
)

2
              (1) 
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The maximum values of the FHD generally indicate density contrast boundaries associated with 

geological structures such as faults or lithological contacts. Meanwhile, the SVD was used to enhance 
vertical density contrast boundaries, particularly for emphasizing shallow anomalies. The SVD is also 

effective in detecting fault structures characterized by changes in extreme values and zero points (zero 
crossings). Mathematically, the SVD follows Laplace’s equation as follows: 

 

𝛻2 ∙ ∆𝑔 =
𝜕2∆𝑔

𝜕𝑥2 +
𝜕2∆𝑔

𝜕𝑦2 +
𝜕2∆𝑔

𝜕𝑧2 = 0      (2) 

𝜕2∆𝑔

𝜕𝑧2 = − (
𝜕2∆𝑔

𝜕𝑦2 +
𝜕2∆𝑔

𝜕𝑥2 )       (3) 

 

The combined analysis of FHD and SVD enables the separation of overlapping anomalies, 
allowing geological structure interpretation to be carried out more accurately [4],[11,][17]. Fault 

structure identification was performed by integrating the results of the FHD and SVD analysis with 
the regional geological map. At this stage, profile slicing was conducted on the residual anomaly, 
FHD, and SVD maps to analyze the correlation between the curves. The indication of fault structures 

is characterized by maximum or minimum values on the FHD curve associated with zero values on 
the SVD curve [26–27].  

(
𝜕2𝑔

𝜕𝑧2)
𝑚𝑎𝑥

> |(
𝜕2𝑔

𝜕𝑧2)|
𝑚𝑖𝑛

  Normal Fault     (4) 

(
𝜕2𝑔

𝜕𝑧2)
𝑚𝑎𝑥

< |(
𝜕2𝑔

𝜕𝑧2)|
𝑚𝑖𝑛

 Reverse Fault     (5) 

 (
𝜕2𝑔

𝜕𝑧2)
𝑚𝑎𝑥

≈ |(
𝜕2𝑔

𝜕𝑧2)|
𝑚𝑖𝑛

  Strike-Slip Fault    (6) 

 

 
Figure 3. Relationship between density contrast and the SVD profile [27] 
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In addition, fault classification was carried out by comparing the maximum and minimum values 

of the SVD response. Normal faults are indicated when the maximum SVD value exceeds the 
minimum value, whereas reverse faults are identified when the maximum value is lower than the 

minimum value. Faults with relatively similar maximum and minimum SVD values are interpreted 
as strike-slip faults. This approach has proven effective in various recent studies for distinguishing fault 

types in tectonically complex regions [3],[9]. 
The initial density values used in the forward modeling were determined based on regional 

geological information and typical density ranges of sedimentary and volcanic rocks. These values 
served as initial model parameters and were subsequently refined through an iterative forward 

modeling process until an acceptable fit between observed and calculated gravity anomalies was 
achieved. The final stage of data processing was two-dimensional (2D) forward modeling, which 

aimed to validate the interpreted geological structures. This modeling was carried out using Oasis 
Montaj software, which is widely used in gravity data analysis. The subsurface model was constructed 

based on the fit between the model response and the observed anomaly data, resulting in a geological 
representation that closely approximates the actual subsurface conditions [4].Thus, the integration of 

spectral analysis, FHD, SVD, and 2D modeling provides a comprehensive approach for identifying 
and validating subsurface fault structures in the study area [25]. 

 

3. Results and Discussion 
The Complete Bouguer Anomaly (CBA) map represents the distribution of gravity anomalies that 

have undergone a series of corrections and reflect variations in subsurface rock density caused by both 
regional and local geological heterogeneity [28–29].  

 

 
Figure 4. Complete Bouguer Anomaly (CBA) Map of the Sumedang Region 
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Variations in anomaly values on the CBA map are influenced by differences in rock mass density, 

making the gravity method highly effective for identifying geological structures such as faults, folds, 
basins, and igneous intrusions. The information contained in the CBA map still includes regional, 

residual, and noise components. Therefore, filtering processes are required to improve the quality of 
subsurface interpretation [16].  

The CBA map shown in Figure 4 presents anomaly values ranging from 6.4 to 42.1 mGal, with 
high anomalies dominating the southern part of the study area, while low anomalies dominate the 

northern part. This anomaly pattern indicates the presence of rock density contrasts associated with 
geological structures and regional tectonic activity in West Java [1].  

 

 
(a) 

 
(b) 

 
(c)  

(d) 

Figure 5. Regional and Residual Depth Analysis: (a) Line 1, (b) Line 4, (c) Line 5, and (d) profile lines 
on the CBA map 

 

Depth analysis of anomaly sources was carried out using the spectral analysis method on CBA 
data that had been separated along specific profiles. The Fourier spectral method was used because it 

is capable of separating low-frequency and high-frequency components, making it effective for 
estimating the depths of regional and residual anomaly sources. In this study, three profile lines were 

used, namely lines 1 and 4 trending north–south and line 5 trending west–east. Fourier transformation 
of the gravity anomaly data produced a relationship between the wave number (wavenumber, k) and 

amplitude (Ln A), which was subsequently used to determine the cutoff value based on the intersection 
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of two spectral gradient segments [30–31]. This method is commonly used to separate shallow and 

deep anomaly sources in regional gravity studies [32–33]. 
The spectral analysis results in Table 2 indicate an average regional depth of 9188.13 meters and 

an average residual depth of 2564.5 meters. The regional depth represents deep anomaly sources such 
as the basement or crustal structures, whereas the residual depth indicates the presence of shallow 

sources such as faults, fractures, and local lithological boundaries [34]. Interpretation of the gradient 
on the spectral curves allows quantitative estimation of anomaly source depths and has been widely 

applied in studies of active tectonics and geothermal exploration [4]. 

 

Table 2. Depths Obtained from Spectral Analysis 

Line Regional Depth (m) Residual Depth (m) 

1 8454.3 1120.2 

2 12108 4267 

3 7002.1 2306.3 

Average 9188.13 2564.5 

 

The separation of regional and residual anomalies was performed using a Gaussian filter to 
enhance the resolution of shallow anomalies and reduce the influence of regional fields originating 

from deeper sources [16]. The regional anomaly map shown in Figure 6 has anomaly values ranging 
from 6.5 to 41.9 mGal and represents regional geological responses such as the basement and large-

scale tectonic structures [1]. High anomaly values are interpreted to be associated with high-density 
rocks such as volcanic rocks or intrusive bodies, whereas low anomalies are associated with low-

density sediments [11].  
 

 
Figure 6. Regional Anomaly Map of the Sumedang Region 
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Meanwhile, the residual anomaly map shown in Figure 7 has anomaly values ranging from -6.1 

to 7.4 mGal and displays more detailed anomaly variations. Residual anomalies are highly sensitive 
to shallow structures such as faults, lithological contacts, fractures, and alteration zones because the 

influence of deeper sources has been minimized through the filtering process [15–16]. Density contrast 
variations on the residual anomaly map indicate the presence of subsurface geological deformation 

associated with active tectonic activity in the Sumedang region [7][22–23][35–37]. 
 

 
Figure 7. Residual Anomaly Map of the Sumedang Region 

 

Gravity anomaly derivative analysis was carried out using the First Horizontal Derivative (FHD) 
and Second Vertical Derivative (SVD) methods. The FHD method is effective for identifying lateral 

anomaly boundaries and highlighting maximum gradient zones associated with fault planes or 
lithological contacts. On the FHD map shown in Figure 8, high values are represented by pink to 

orange color gradations, indicating the presence of high density contrasts caused by fault structures or 
significant lithological changes [3]. In contrast, low values shown in blue represent relatively 

homogeneous zones with weak density gradients. 
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Figure 8. First Horizontal Derivative (FHD) Map of the Sumedang Region 

 

The SVD method shown in Figure 9 was used to enhance shallow anomaly responses through 
the second derivative in the vertical direction, thereby improving the resolution of subsurface 

structures [15]. High positive values indicate density changes from low to high, whereas negative 
values indicate the opposite density contrast [15]. SVD is highly sensitive to noise but has a strong 

capability for detecting geological structure boundaries and active faults [3][38]. Therefore, the 
integration of FHD and SVD provides more reliable interpretations compared to the use of a single 

method [9]. 

 
Figure 9. Second Vertical Derivative (SVD) Map of the Sumedang Region 
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A total of seven profile lines were extracted from the residual anomaly map and used for 2D 

forward modeling using Oasis Montaj software. The profile lines were determined based on anomaly 
contrasts and the presence of active Java–Bali–NTB faults. The integration of residual, FHD, and 

SVD data along each profile enabled more accurate fault identification because the SVD zero points 
generally coincide with the extreme values of the FHD in zones of high-density contrast. The 

correlation among these three curves indicates that fault structures developed within zones 
characterized by sharp gradients in the residual anomaly [3],[34]. 

 

 
Figure 10. Determination of profile lines used for residual anomaly modeling 

 
In addition, the same seven profiles were extracted from the FHD and SVD anomaly maps using 

Surfer v.29 software. The resulting profiles were then used to examine the correlation between the 
residual, FHD, and SVD curves. The profile graphs demonstrate the relationship among the curves, 

where fault locations are identified at the SVD zero points that coincide with the extreme values of 
the FHD and are supported by contrasts in the residual curve. Fault locations can be identified based 

on the FHD graph, whereas fault types can be interpreted from the SVD graph. The fault orientation 
was determined from the SVD response pattern to rock density contrasts, further strengthening the 

interpretation of fault plane positions. 
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A B C 

Figure 11. Correlation graphs of residual anomaly, FHD, and SVD: (A) Line 1, (B) Line 2, 
and (C) Line 3 

 
Based on Figure 11(A), line 1 indicates the presence of five fault structures consisting of reverse 

and normal faults. One fault on the first line has an |SVD MAX| value of 0.00000035 mGal/m² and 
an |SVD MIN| value of -0.000000717 mGal/m². Fault type interpretation was conducted based on 

the relationship between the |SVD MAX| and |SVD MIN| values, where reverse faults are 
characterized by |SVD MAX| < |SVD MIN|, while normal faults show the opposite condition. On 

line 1, which trends northwest–southeast, the more dominant |SVD MIN| value located on the left 
side indicates that the fault tendency is directed toward the southeast. This pattern suggests the 

simultaneous occurrence of compressional and extensional deformation within the study area [1]. On 
line 5, the presence of a strike-slip fault with reverse components was interpreted based on the 

relatively similar maximum and minimum SVD values, indicating dominant horizontal movement 
with a minor vertical component [4],[7]. The summary of fault analysis results for lines 1 to 3 shows 

that the maximum and minimum SVD values obtained from each profile can be used to identify fault 
characteristics and orientations (Table 3). 
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Table  3. Fault Analysis Results for Lines 1 to 3 

Line Distance (m) 
Minimum SVD 

(mGal/m²) 

Maximum SVD 

(mGal/m²) 

Fault 

Characteristics 

Fault 

Direction 

1 23090.91 -0.000000717 0.00000035 Reverse Fault Southeast 

1 32944.15 -0.000000126 0.000000323 Normal Fault Northwest 

1 38616.72 -0.000000810 0.000000323 Reverse Fault Northwest 

1 46379.62 -0.000000810 0.000001661 Normal Fault Northwest 

1 56892.05 -0.000000290 0.000001179 Normal Fault Southeast 

2 4635.506178 -0.00000022 0.00000040 Normal Fault East 

2 26247.60847 -0.00000018 0.00000050 Normal Fault West 

2 49824.44733 -0.00000023 0.00000025 Normal Fault West 

3 17861.88269 -0.00000030 0.00000012 Reverse Fault Northeast 

3 25711.84219 -0.00000016 0.00000057 Normal Fault Northeast 

3 35804.64726 -0.00000009 0.00000073 Normal Fault Southwest 

3 47018.87511 -0.000000404 0.00000017 Reverse Fault Southwest 

3 67958.8945 -0.00000044 0.00000162 Normal Fault Northeast 

 

In Figure 12(C), line 5, the third fault line shows an |SVD MAX| value of 0.00000013 mGal/m² 
and an |SVD MIN| value of -0.00000020 mGal/m², which are relatively similar. These values 

indicate a relatively low anomaly contrast, suggesting only minor differences in rock density on both 
sides of the fault. This condition is generally associated with the characteristics of strike-slip faults 

dominated by horizontal movement. However, the slight difference between the maximum and 
minimum values also indicates the presence of a vertical component. Therefore, the fault along this 

profile is interpreted as a strike-slip fault with reverse components. The results of the fault analysis for 
lines 4 to 7 are presented in Table 4. 



650 
 

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta 

Laudrien Natarissa, et al. 

  
          A               B 

  
C       D 

Figure 12. Correlation graphs of residual anomaly, FHD, and SVD: (A) Line 4, (B) Line 

5, (C) Line 6, and (D) Line 7 
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Table  4. Fault Analysis Results for Lines 4 to 7 

Line Distance (m) 
Minimum SVD 

(mGal) 

Maximum SVD 

(mGal) 

Fault 

Characteristics 

Fault 

Direction 

4 28346.82481 -0.000000135 0.000000396 Normal Fault Northeast 

4 33696.98606 -0.0000012141 0.0000003957 Reverse Fault Northeast 

4 40482.78829 -0.000000160 0.000000933 Normal Fault Northeast 

4 51887.5343 -0.000000177 0.000001574 Normal Fault Southwest 

5 3597.202353 -0.00000045 0.00000125 Normal Fault West 

5 25283.88151 -0.00000017 0.00000028 Normal Fault East 

5 47913.45977 -0.00000020 0.00000013 Strike-Slip Fault East 

5 56399.55161 -0.00000058 0.00000015 Reverse Fault West 

6 15949.68725 -0.00000013 0.00000018 Normal Fault East 

6 23492.88411 -0.00000055 0.00000033 Reverse Fault East 

6 43293.77587 -0.00000025 0.00000035 Normal Fault East 

7 15914.28 -0.00000023 0.00000004 Reverse Fault Southwest 

 

The fault analysis results for lines 1 to 7 presented in Tables 3 and 4 were used as references for 
the 2D forward modeling. The modeling was carried out using the GM-SYS filter through a forward 

modeling approach by utilizing residual gravity anomalies to confirm subsurface geological structures. 
The model was constructed using the residual depth of -2564.5 meters as the shallow layer and the 

regional depth of -9188.13 meters as the basement boundary. The forward modeling approach was 
applied to estimate subsurface geometry based on the gravity anomaly response [30–31]. The 

stratigraphic model was divided into three main units, namely younger sediment, older sediment, and 
basement [32], as shown in Figures 13 to 19. 

Based on the modeling results, line 1 (Figure 13), which trends northwest–southeast, indicates 
the presence of five fault structures consisting of two reverse faults and three normal faults. The reverse 

faults are interpreted to dip toward the southeast and northwest, characterized by sharp residual 
anomaly gradients and FHD and SVD responses that show significant density contrast changes caused 

by active fault deformation [3][15]. Meanwhile, line 2 (Figure 14), which extends west–east, is 
dominated by three normal faults, indicating an extensional regime. Line 3 (Figure 15) shows a 

combination of two reverse faults and three normal faults. However, the interpretation along this line 
has higher uncertainty due to the relatively weak anomaly contrasts. Therefore, line 3 was not used as 

the primary reference for correlation with regional active fault structures. 
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Figure 13. Residual anomaly cross-section of Line 1 

 

 
Figure 14. Residual anomaly cross-section of Line 2 

 

 
Figure 15. Residual anomaly cross-section of Line 3 
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Figure 16. Residual anomaly cross-section of Line 4 

 

 
Figure 17. Residual anomaly cross-section of Line 5 

 

 
Figure 18. Residual anomaly cross-section of Line 6 
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Figure 19. Residual anomaly cross-section of Line 7 

 

Lines 4 (Figure 16) and 5 (Figure 17) again indicate the presence of reverse and normal faults, 
with an additional strike-slip fault with reverse components identified on line 5, suggesting the 

presence of oblique-slip movement resulting from a combination of compressional and shear forces 
[11]. Line 6 (Figure 18) is dominated by normal faults with one reverse fault, whereas line 7 (Figure 

19) shows only one reverse fault with a relatively weak anomaly response. Overall, the presence of 
fault structures along each profile correlates with changes in residual anomaly gradients as well as 

FHD and SVD derivative patterns, indicating density contrast boundaries between rock units at 
shallow to intermediate depths. 

Based on the Java–Bali–NTB active fault database, the Sumedang region is crossed by the Baribis 

Fault, Cimanuk Fault, Rajamandala Fault, and Cicalengka Fault. The presence of these faults is 
closely related to regional tectonic activity resulting from the subduction of the Indo-Australian Plate 

beneath the Eurasian Plate [1]. The interpretation results indicate that the Baribis Fault was identified 
as a reverse fault on lines 5 and 7, whereas the Cimanuk Fault was identified as a strike-slip fault with 

reverse components on line 5 [7][35–37]. Validation against active fault data shows that the gravity 
interpretation results are consistent with the regional geological conditions of West Java [1]. The 

Rajamandala Fault is interpreted as a reverse fault observed on line 1, based on the integration of 
residual anomaly, FHD, SVD, and 2D forward modeling results. 

The fault interpretation results generally show good agreement with the spatial distribution of 
major faults contained in the Java–Bali–NTB active fault database. However, several interpreted 

structures do not directly coincide with the mapped fault traces. This discrepancy may be related to 
differences in spatial resolution between gravity-derived interpretations and surface geological 

mapping, as well as the influence of subsurface density contrasts that are not always expressed at the 
surface. In addition, gravity data represent an integrated response of subsurface mass distribution, 

resulting in a degree of uncertainty in determining the exact position and geometry of fault structures. 
Nevertheless, the consistency observed between several interpreted faults and the regional fault 

framework supports the reliability of the interpretation results. 
The identified fault structures are also supported by regional tectonic and seismic studies in West 

Java, which indicate ongoing crustal deformation and shallow seismic activity associated with active 
fault systems [35–37]. The correspondence between the interpreted fault locations and the active fault 

database suggests that the detected structures remain tectonically significant and continue to influence 
geological processes in the Sumedang area. These results demonstrate that the integration of FHD, 

SVD, and 2D forward modeling is capable of delineating major subsurface fault structures and 
provides a reliable approach for structural interpretation in tectonically complex regions. Validation 

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta
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of the fault analysis results in this study using the Java–Bali–NTB active fault database is presented in 

Figure 20. 
 

 
Figure 20. Map of Fault Identification Results in the Sumedang Region Based on the 

Residual Anomaly Map 

 
The presence of reverse faults, normal faults, and strike-slip faults within the same region indicates 

that the study area is affected by a complex tectonic regime resulting from a combination of 

compressional, transtensional, and transpressional deformation [11]. This deformation system has 
developed dynamically within the active tectonic zone of Java, which continues to be influenced by 

ongoing subduction activity. Therefore, the results of this study not only identify subsurface structures 
using the gravity method but also provide important information for mitigating geological hazards 

such as earthquakes and landslides in the Sumedang region.  

 

4. Conclusion 
The identification of fault structures based on gravity data through residual anomaly, First Horizontal 

Derivative (FHD), and Second Vertical Derivative (SVD) analysis revealed the presence of several 
fault structures in the Sumedang region with varying types and orientations following the directions 

of the measurement lines. Structural interpretation was carried out through the correlation between 
the residual curves, the extreme values of the FHD, and the zero points on the SVD curves that 
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coincide with the maximum and minimum FHD values, allowing subsurface structural boundaries to 

be identified more clearly. Fault types were determined based on the relationship between the |SVD 
MAX| and |SVD MIN| values, where reverse faults are characterized by |SVD MAX| < |SVD 

MIN|, whereas normal faults show the opposite condition. In addition, the fault tendency direction 
was determined based on the dominant position of the |SVD MAX| or |SVD MIN| values relative 

to the orientation of the measurement lines. 
Based on correlations with the Java–Bali–West Nusa Tenggara active fault database, several 

identified structures are associated with major regional faults in the study area. The Baribis Fault was 
interpreted as a reverse fault on lines 5 and 7, the Rajamandala Fault was interpreted as a reverse fault 

on line 1, whereas the Cimanuk Fault exhibits the characteristics of a strike-slip fault with reverse 
components on line 5. These interpretation results indicate that the Sumedang region is influenced by 

compressional, extensional, and strike-slip deformation that developed complexly in accordance with 
the regional tectonic setting of West Java. 

Therefore, the gravity method through FHD and SVD analysis has proven to be effective in 
identifying subsurface fault structures and describing geological deformation patterns in the Sumedang 

region. The integration of residual, FHD, and SVD analysis provides more detailed information 
regarding the type, orientation, and tendency of fault structures.  
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