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Abstract: The Rakutai Segment of the Garsela Fault in West Java represents an active
tectonic zone with persistent seismic activity. Throughout 2023-2024 a series of
earthquakes was recorded, culminating in two notable events during 2024. The first, on
18 September 2024, reached 4.9 Mw and strongly affected the Bandung and Garut
Regencies. The second occurred on 7 December 2024 with Mw 4.2, shaking seven
districts in Garut. These events emphasize the importance of detailed geospatial analysis
to understand surface deformation processes and the controlling geological factors. This
study applies DINSAR using Sentinel-1 satellite data to detect and quantify
ground-surface displacement with high spatial and temporal resolution. Interferometric
results reveal significant deformation patterns distributed along the Rakutai Segment,
indicating both uplift and subsidence that correspond closely to mapped lithological
boundaries. Correlations between the occurrence and lithology in West Java indicate that
rock type influences the magnitude of displacement and its spatial variability. Young
units (Qgpk) are more susceptible to subsidence, while andesite-basaltic lavas are more
resistant. These findings emphasize the role of rock physics in seismic response, the
importance of field validation, and the use of geospatial approaches for monitoring,
hazard mitigation, and infrastructure protection in Indonesia's active fault zones.

Keywords: Rakutai Segment, Garsela Fault, DInSAR, Surface Deformation, Volcanic
Deposit.

1. Introduction

The Garsela Fault in West Java is one of the most important active faults on the
island of Java. Geomorphic, seismic, and morphotectonic studies have identified this
fault system as a significant source of seismic hazard [1]. This fault is divided into two
main segments: the Rakutai segment in the north with a length of approximately 19 km,
and the Kencana segment in the south with a length of approximately 17 km; the total
length of the fault is estimated at =42 km. Both segments exhibit a NE-SW orientation
and are characterized by dextral strike slip [2, 3]. The Rakutai segment trends
northeast-southwest and passes through residential areas, making it a frequent focus of
earthquake risk monitoring. The Kencana segment, also located near residential areas,
also exhibits significant slip potential, detected through gravity analysis, seismology,
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and field mapping, revealing landslides, offsets, and fractures. Recent geophysical
studies confirm that the Garsela fault acts as a magma conduit and geomechanical weak
zone capable of triggering shallow earthquakes at depths of =10 km [4, 5]. The Rakutai
segment attracted attention due to increased seismic activity during 2023-2024. On
September 18, 2024, a 4.9 MW earthquake struck Bandung and Garut regencies, linked to
this fault. Subsequently, on December 7, 2024, a 4.2 magnitude earthquake struck seven
districts in Garut, with the epicenter at 7.24°S, 107.22°E, and a focal depth of
approximately 5 km [6]. This event serves as a reminder of the importance of
investigating ground deformation in the Rakutai Segment for hazard assessment and
planning.

Remote sensing data has been widely used to identify and analyze geological
features and phenomena related to processes, such as lithological characterization in the
Cipatujah area and morphological analysis in karst areas [7] [8]. In this study, the use of
remote sensing techniques, specifically Differential Interferometry Synthetic Aperture
Radar (DInSAR), is the most relevant technique [9]. This technology is capable of
measuring and mapping post-earthquake surface deformation with high precision over
a wide spatial scale, without the need for direct contact with the affected area. Previous
studies in Indonesia, such as the analysis of the Cianjur Earthquake (Mw 5.6, 2022) [10]
and deformation mapping using Sentinel-1 data in Sidoarjo [11], have shown that
DInSAR can identify uplift and subsidence, estimate the magnitude of deformation, and
depict spatial patterns of deformation with high precision.

Differences in lithology, both the type and properties of the rocks composing the
surface, can be key factors in the mechanism of seismic wave amplification. Lithologies
such as alluvial deposits, volcanic tuff, or water-saturated clay have much lower shear
wave velocities (Vs) and densities than volcanic or igneous bedrock, so that earthquake
waves passing through them tend to be trapped and experience amplitude amplification
[12] [13]. Research in the Bandung Basin shows that young volcanic sediments with a
thickness of more than 100 m produce low dominant frequencies that amplify surface
vibrations, in contrast to areas dominated by relatively stiff andesite and basalt rocks
[14]. Similar results were found in the Prambanan—-Gantiwarno region, where thick
Quaternary clay and sand deposits produce high amplification factors compared to the
surrounding hard rock zones [15]. This correlation confirms that variations in lithology
(from loose sediments, tuffs, to igneous rocks) determine seismic impedance contrasts,
which are the primary cause of differences in wave amplification levels at the surface.
Currently, studies that explicitly link lithology and geospatial deformation dynamics in
the context of the Rakutai Segment are still limited.

This study aims to conduct a geospatial analysis of the surface deformation of the
Rakutai Segment during 2024, using Sentinel-1 DINSAR data, and examine the
interaction between the observed deformation patterns and local lithology. This study
aims to quantify the deformation magnitude, identify the spatial distribution of
subsidence and uplift, and assess how rock types modulate deformation behavior. The
results of this study are expected to contribute to improved seismic hazard assessments,
more informed land-use planning, and mitigation strategies in earthquake-prone areas
of West Java.

2. Materials and Methods

2.1. Research Location

This research was conducted in parts of Bandung Regency and Garut Regency, which
are crossed by the Garsela Fault. The earthquake affected several villages in five
sub-districts in the two regencies. The earthquake caused by the Garsela Fault
movement occurred on September 18, 2024, with a magnitude of 4.9, which moved in
the Rakutai Segment with a downslope (oblique normal) mechanism. Then, an
earthquake in this region also occurred on Saturday, December 7, 2024, at 07:12 WIB,
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with a magnitude of 4.2, which shook seven sub-districts in Garut Regency. The
epicenter was at coordinates 7.24° S and 107.22° E, precisely 19 kilometers southwest of
Garut with a depth of 5 kilometers, so it is categorized as a shallow earthquake. The
boundaries include Ibun District in the north (107°46'31.67" E; 7°7'3.71" S), Kertasari
District in the south and west (107°41'33.24" E; 7°16'33.73" S), and Pasirwangi District in
the east (107°45'6.40" E; 7°12'4.56" S). The results of the 250 m buffer analysis from the
active fault line indicate that the affected areas include Sukarame Village in Pacet;
Neglasari, Dukuh, Ibun, Laksana, and Mekarwangi in Ibun; Cihawuk, Cikembang,
Tarumajaya, and Neglawangi in Kertasari; Barusari, Baruwaas, Karyamekar, and
Sarimukti in Pasirwangi; and Mekarjaya in Sukaresmi.
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Figure 1. Research Area

2.2. Sentinel-1 Satellite Imagery

Monitoring surface deformation can be done effectively using Interferometric
Synthetic Aperture Radar (InNSAR) remote sensing technology that utilizes the phase
difference of radar waves from two or more satellite images at different times to detect
changes in surface elevation with millimeter-scale accuracy [16]. One commonly used
data source is Sentinel-1 imagery, a C-band radar satellite owned by the European Space
Agency (ESA) in the Copernicus program, which provides Single Look Complex (SLC)
products that are ideal for INSAR processing [17]. Sentinel-1 data can be downloaded
free of charge through Copernicus Data Space or the Alaska Satellite Facility (ASF)
which provides ready-to-use INSAR processing services [16]. The image data used in this
study are shown in the following Table 1.
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Table 1. Sentinel-1 satellite imagery used

Image Acquisition Time
S1A_IW_SLC__1SDV_20241112T111507_20241112T111537_056520_06EDF1_FEAA 12 November 2024
S1A_IW_SLC__1SDV_20241206T111506_20241206T111535_056870_06FBDA_BFA9 6 December 2024
SIA_IW_SLC__1SDV_20250111T111502_20250111T111532_057395_0710A1_1802 11 January 2025

2.3. Differential Interferometric Synthetic Aperture Radar (DInSAR) technique

The method used in deformation data processing is the Differential Interferometric
Synthetic Aperture Radar (DInSAR) technique, which is a method of taking radar image
data laterally by utilizing the phase difference of two or more SAR images through
different acquisitions in the processing process to produce output in the form of
topography and deformation [18] [19] [20]. In this study, the Differential Interferometric
Synthetic Aperture Radar (DInSAR) method was used to detect land surface
deformation using Sentinel-1 image data. All processing stages were performed using
ESA SNAP software version 9.0.0. The analysis process began with the alignment
(coregistration) of two Sentinel-1 images taken before and after the earthquake, on
November 24, 2024, and January 11, 2025. This alignment was based on satellite orbit
data and regional topographic contours to accurately analyze the phase differences
between the images. Radar images with VV polarity and IW3 sub-swath were selected
due to their high sensitivity to land surface changes around the Rakutai segment. This
alignment then served as the basis for generating an interferogram image.

The interferogram formation stage was carried out by comparing the phase of radar
waves reflected from the ground surface at two different times. This phase difference
reflects the change in distance between the Earth's surface and the satellite sensor, which
is a primary indicator of deformation. After the interferogram is formed, a deburst
process is performed to combine all image fragments (bursts) into a single, unified view.
Next, a multi-looking process is applied to reduce noise or speckle and clarify the
resulting deformation pattern. This process is performed by averaging pixels in the
range and azimuth directions, making the final result easier to analyze, both visually
and numerically. The resulting interferogram fringes show a concentric or linear
rainbow pattern depicting spatial deformation.

The denser the fringes, the greater the change in distance between two recording
times. In the case of the Garut earthquake, this pattern reflects deformation caused by
local fault shifts. However, the raw interferogram is still filled with noise, particularly
from vegetation and water surfaces. Therefore, Goldstein Phase Filtering is performed to
smooth the signal. Phase unwrapping is the step of converting the wrapped phase
values to continuous values (unwrapped phase). This process is performed using the
SNAPHU plugin, which is exported and then imported back into SNAP. This process
produces visuals showing smoother contour patterns, indicating that the spatial
deformation process occurs in a structured and distributed manner along the Rakutai
segment zone. The phase-to-displacement stage converts the unwrapping results to
metric units (meters), allowing researchers can identify affected areas that have shifted
either toward or away from the sensor based on the color visualization of the results.

The research not only produces accurate deformation maps but also provides a
more comprehensive understanding of the tectonic dynamics of the Garsela Fault and its
implications for disaster risk mitigation. Deformation measurements are conducted
using DInSAR, which represents shifts in the Line of Sight (LOS) direction. This study
assumes that the detected ground displacement predominantly occurs in the vertical
direction, with the incidence angle considered comparable to the sensor's off-nadir angle
[21]. The interpretation of deformation results is determined based on the convention
that negative values indicate subsidence, while positive values indicate uplift.
Furthermore, deformation rates are categorized into three classes: low, medium, and
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high to facilitate a more systematic spatial-temporal analysis. The final stage, a
spatial-temporal analysis, was conducted to examine deformation in the study area over
two periods (November 2024-December 2024 and December 2024-January 2025).
Subsequently, an analysis of the rock types in the area and the level of damage
experienced was conducted based on regional geological data. By combining geological
analysis and surface deformation observations, this study aims to make a significant
contribution to understanding earthquake disaster risk mitigation in vulnerable areas
and assisting in planning more earthquake-resistant development in the future.

3. Results
3.1. Geological Setting of Research Area

The study area, lithologically, is dominated by Quaternary-aged rocks derived from
young, loose, unconsolidated volcanic material, which can increase the impact of
earthquake damage. Therefore, understanding the regional stratigraphy of this area is
crucial. Based on the 1:100,000 scale Geological Map of the Garut and Pameungpeuk
Sheets by Alzwar, Akbar, and Bachri [22], available through the Indonesian Geological
Data Information Service, Geological Agency, Ministry of Energy and Mineral
Resources. Stratigraphically and structurally, the study area is difficult to identify
geological structural features such as faults, as the area is covered by volcanic eruptions
and intrusive igneous rocks.
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3.1.1. Lithology Composing the Research Area

In general, this area is dominated by Quaternary lithology, with the oldest rock units

dating from the Pleistocene period. Five types of lithology are found in this area, listed
in order from oldest to youngest as follows:

Table 2 Types of rock units that make up the research area

. . Area Percenta

Code Lithology/ Rock Formation Age (Ha) ge

Qgpk Guntur-Pangkalan and Kendang Volcanic Rock Quarter (Pleistocene) 16,307 70,93%
Qwb Waringin-Bedil Andesite Unit Quarter (Pleistocene) 537 2,34%
Qopu Old Volcanic Efflata Deposit unit Quarter (Holocene) 4,300 18,70%

Efflata and andesitic-basaltic lava flows, source Quarter (Holocene) o

Qyw from Mt. Wayang 108 0.47%
Qyp Efflata and andesitic-basaltic lava flows, source Quarter (Holocene) 1,738 7.56%

from Mt. Papandayan

Source: Geological Agency of the Ministry of Energy and Mineral Resources

Guntur-Pangkalan and Kendang Volcanic Rocks (Qgpk)

This unit has the largest distribution within the study area, covering
approximately 16,307 hectares, or more than half of the study area. This unit
dominates the entire area traversed by the Rakutai segment. Its lithology consists
of loose rocks and andesite-basaltic lavas derived from ancient volcanic
complexes such as Mount Guntur, Mount Pangkalan, and Mount Kendang [14].
The distribution of Qgpk is clearly visible from the west of Pacet District
(Sukarame Village), Ibun District (Neglasari, Dukuh, Ibun, Laksana, and
Mekarwangi Villages), to Kertasari District (Cihawuk, Cikembang, Tarumajaya,
and Neglawangi Villages), as well as large parts of Pasirwangi and Sukaresmi
Districts in Garut Regency.

Waringin-Bedil Andesite Unit (Qwb)

This unit is Early Quaternary in age. It covers approximately +537 hectares and is
located in the western region of Tarumajaya Village. This lithology consists of
alternating lava, breccia, and tuff composed of pyroxene andesite and
hornblende, indicating early volcanic activity on the ancient Mount Malabar.

Old Volcanic Efflata Deposit Unit (Qopu)

This unit covers an area of approximately 4,300 hectares in the southwest of the
study area, encompassing parts of Cihawuk, Cikembang, Tarumajaya, and
Neglawangi Villages in Kertasari District. The Qopu lithology consists of dacitic
fine-coarse  crystal  tuff, pumice-bearing tuffaceous breccia, and
andesite-basalt-consisting old lava deposits. This unit indicates past volcanic
activity characterized by explosive eruptions.

Efflata and andesitic-basaltic lava flows, source from Mt. Wayang (Qyw)

This unit is found at the western end of Sukaresmi Village and covers an area of
approximately 108 hectares. This unit consists of Efflata and andesite-basalt lava
flows originating from Mount Wayang Windu [23].

Efflata and andesitic-basaltic lava flows, source from Mt. Papandayan (Qyp)

This unit is found at the western end of Neglawangi and Mekarjaya Village, its
covers an area of approximately 1,738 hectares. The main products of this unit

are andesite-basalt lava flows as well as pyroclastic deposits and pyroclastic falls
[24].

3.1.2. Faults in the Research Area

The Garsela Fault in the Rakutai Segment extends 19 km across almost the entire

Qgpk unit and partially intersects the Qopu and Qy units. The Rakutai segment, part of
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the active Garsela fault system, plays a crucial role in shaping the geological structure of
the region. This fault is a southwest-northeast-trending strike-slip fault that cuts through
Tertiary and Quaternary rock units, indicating ongoing tectonic activity. This fault's
direction is thought to be influenced by tectonic forces from the south-north direction
due to the result of the reactivation of old faults from the Late Oligocene to the Early
Miocene [2].

3.2. Surface Deformation Values Based on Line of Sight (LOS)

Sentinel-1 image processing results indicate that throughout the Rakutai Segment,
from mid-November to early December 2024, the entire Rakutai Segment experienced
relatively uniform uplift. Deformation values along the Line of Sight (LOS) ranged from
0.041 to 0.275 mm, with the highest increase predominantly in the western-southern
portion of the study area. This pattern indicates a recovery phase following the
September 18, 2024, earthquake, during which crustal stress relaxation resulted in
uniform positive vertical movement. In the following month, the deformation pattern
became significantly more complex. The LOS range shifted to —0.109 to +0.109 mm,
indicating a combination of subsidence in the western and southern zones and uplift in
the central-eastern portion, including the Sarimukti, Karyamekar, Dukuh, and Laksana
areas. This change coincided with the Mw 5.0 earthquake on December 7, 2024, which
triggered subsurface stress redistribution and resulted in millimeter-scale variations in
vertical movement. Compared to November, deformation in December—January showed
a decrease in uplift amplitude and the emergence of a subsidence zone. While
November was dominated by uplift of up to 0.275 mm, the following period only
recorded a maximum uplift of around 0.11 mm, accompanied by a decrease of up to
—0.11 mm. This shift reflects the transition from a post-earthquake relaxation phase to a
new equilibrium of the tectonic system, where continued seismic activity altered the
strain and stress patterns along the Rakutai Segment.

November 11, 2024 —
December 6. 2024

December 6, 2024 —
January 11, 2025

* Earthquake Epicenter * Earthquake Epicenter

esme Rakutai Segment e Rakutai Segment

Deformation (mm)
P 0.109683

Deformation (mm)

. 0275055

0.0413318 B -0.109481

Figure 3. Distribution Map of Line of Sight Deformation Values in Research Area
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This subsidence was most dominant in the southern to central areas of the
Rakutai Segment, which is close to the epicenter, including north of Neglawangi, east of
Tarumajaya, west part of Mekarjaya. However, several points in the northern part of
Bandung Regency, namely in Neglasari Village, also experienced significant
deformation. Details of the minimum, maximum, and average deformation in each
sub-district can be seen in Table 3, which is arranged based on the most negative
subsidence value. Details of the minimum, maximum, and average deformation in each
sub-district can be seen in Table 3.

Table 3. Deformation values in each sub-district.

Def Mi Def M Averag Def Mi Def M  Averag
n_11 ax_11 e 11 n_12 ax_12 e 12

Regency District Village (Novem (Novem (N_ove (Decem (Decem (D_ece
ber) ber) mber) ber) ber) mber)
Pacet Sukarame 0,0419 0,2191 0,1305 -0,0939 0,1016 0,0039
Neglasari 0,0899 0,237 0,1634 -0,066 0,0692 0,0016
Dukuh 0,0481 0,2152 0,1317  -0,0662 0,0866 0,0102
Ibun Ibun 0,0773 0,2252 0,1512 -0,0598 0,0716 0,0059
Laksana 0,0617 0,2022 0,1319 -0,0798 0,0935 0,0069

Bandung .
Mekarwangi 0,0667 0,1985 0,1326  -0,1095 0,0804  -0,0145
Cihawuk 0,0629 0,2556 0,1592 -0,0585 0,1097 0,0256
Kertasari Cikembang 0,099 0,2372 0,1681 -0,0698 0,1074 0,0188
Tarumajaya 0,0482 0,2489 0,1485 -0,067 0,0804 0,0067
Neglawangi 0,0843 0,272 0,1782 -0,0806 0,0874 0,0034
Barusari 0,0413 0,2099 0,1256 -0,0609 0,0943 0,0167
) . Padaawas 0,0675 0,2391 0,1533 -0,0467 0,0973 0,0253

Pasirwangi

Garut Karyamekar 0,0704 0,2588 0,1646 -0,0323 0,0914 0,0296
Sarimukti 0,0736 0,2751 0,1743 -0,0451 0,0869 0,0209
Sukaresmi Mekarjaya 0,0506 0,2575 0,154 -0,0551 0,0935 0,0192

4, Discussion

The Relationship between Surface Deformation and Lithology

The spatial relationship between faults and rock units is important because older
volcanic rocks, such as weathered andesite-basalt, are generally susceptible to fracturing
and erosion, especially when exposed to active tectonic processes. The presence of the
Rakutai segment within this zone may weaken the rock structure through intensive
weathering and fracturing over time, thereby increasing the potential for slope
instability and susceptibility to surface deformation and ground movement.

DInSAR analysis using Sentinel-1 imagery revealed changes in the land surface in
Bandung Regency and Garut Regency due to the earthquake on December 7, 2024. The
results show that the entire study area experienced a shift with a range of values
indicated by dark green to red (Figure 4). The boundary between deformation classes is
created based on the numerical threshold value of the displacement. This classification
does not use complex non-linear pattern recognition, but rather simply places data in the
appropriate class based on numbers. The red color indicates a high deformation class
with a value of 0.377956. Areas with high deformation classes are spread across the
Guntur-Pangkalan and Kendang Volcanic Rock (Qgpk) lithological unit and the Efflata
and andesitic-basaltic lava flows unit, sourced from Mt. Papandayan (Qyp). The green
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color indicates a low deformation class with a value of 0.125466, areas with low
deformation classes are spread across the Old Volcanic Efflata Deposit (Qopu) unit and
the Guntur-Pangkalan and Kendang Volcanic Rock (Qgpk) lithology in the northern
part. In one Guntur-Pangkalan and Kendang Volcanic Rock (Qgpk) formation unit, two
different classes can be produced, this is due to differences in the types of lithology that
compose it, it is known that in the northern part the distribution of Qgpk is composed of
pyroclastic breccia material and in the more southern part the constituent material is tuff
material [25]. Tuff material has high porosity and a low degree of consolidation, tends to
be softer, and has low shear strength. This makes tuff more susceptible to seismic wave
amplification and strength degradation when subjected to repeated cyclic loading [26].
In contrast, volcanic breccia material consists of larger, harder, and stiffer rock
fragments, making it generally more stable in response to vibrations. Although breccia is
heterogeneous and has weak interfaces between fragments, it still has a higher modulus
of elasticity and stiffness than tuff, reducing the potential for seismic amplification [27].
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Figure 4. Surface deformation map of lithology distribution from DInSAR analysis (data from
November 2024 — January 2025) due to the December 7, 2024 earthquake.

Surface deformation analysis was performed on data calculated before and after the
December 7, 2024, earthquake in Bandung and Garut Regencies. LOS data from
deformation measurements in December to January show results that all lithologies in
the study area experienced subsidence at varying rates (Table 4), ranging from a
minimum of —0.109481 m to a maximum of 0.109683 m. This value indicates the presence
of vertical movement in the form of subsidence or slight local rise.
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Tabel 4. Surface deformation of the research area based on lithology.
Def Min  Def Max_

Code Lithology/ Rock Formation 12 12

Qgpk  Guntur-Pangkalan and Kendang Volcanic Rock -0.109481 0.109683

Qopu  Old Volcanic Efflata Deposit Unit _0'0830636 0.0806363

Qwb  Waringin-Bedil Andesit Unit -0.056222  0.0720328
Efflata and andesitic-basaltic lava flows, source from

Qyw Mt. Wayang -0.06671 0.0717795
Efflata and andesitic-basaltic lava flows, source from -0.075249

Qyp Mt. Papandayan 4 0.0841158

The lithology with the greatest subsidence was recorded in Guntur-Pangkalan
and Kendang Volcanic Rock (Qgpk), with a minimum deformation reaching —0.109 m
and a maximum of 0.110 m. The distribution of this lithology covers an active volcanic
area that naturally has high porosity, making it more responsive to tectonic forces and
fluid pressure. The Old Volcanic Efflata Deposit (Qopu) Unit occupies the next position
with a range of -0.081 m to 0.081 m. This layer consists of old volcanic deposits that are
relatively not fully consolidated, so it is still possible for compaction to occur when
subjected to seismic vibrations or magmatic movement. Meanwhile, the Waringin-Bedil
Andesite Unit (Qwb) shows a minimum deformation of —0.056 m and a maximum of
0.072 m, a smaller value indicating the resilience of andesite rocks that are more compact
than loose volcanic deposits. Lava formations and effusive deposits originating from
Mount Wayang (Qyw) and Mount Papandayan (Qyp) exhibit relatively uniform
deformation ranges, ranging from —0.067 m to 0.072 m and —0.075 m to 0.084 m,
respectively. Both formations are composed of andesitic-basaltic lavas with a higher
degree of crystallization, thus tending to be more resistant to vertical compaction. The
uniformity of deformation values in these two units confirms that older volcanic
processes and compact lava textures provide resistance to deformation despite being
located in an active tectonic zone.

Large earthquakes can trigger subsidence in volcanic areas caused by changes in
hydrothermal fluid pressure, structural shifts, or post-seismic recovery. This has been
proven in several studies, firstly in the Mw8.8 Maule earthquake (2010) in the Chilean
subduction zone, deformation analysis using InNSAR found subsidence phenomena in
five volcanoes in the southern Andes volcanic zone with subsidence values of up to
15cm in just a few weeks after the earthquake, researchers found that this subsidence
was related to the release of fluids from hydrothermal systems identified in the
surrounding area [28]. A similar phenomenon occurred at Mount Etna in late 2002,
when a seismic swarm triggered by a dyke intrusion caused surface damage and
aseismic creep along the ScaloPennisi fault. Deformation zones using InSAR defined
oblique downward and eastward movement (maximum =1.5 cm). [29]. In Indonesia, the
Mw 5.6 Cianjur earthquake (2022) caused an average subsidence of —5cm in areas with
volcanic landforms, as well as uplift in the subsequent phase, confirming the different
responses of volcanic terrain to seismic loads [30]. Several case studies strengthen the
suspicion that earthquakes in volcanic zones not only trigger tectonic activity, but can
also result in significant surface subsidence, especially in volcanic zones that have
hydrothermal systems or are located in areas crossed by geological structures such as
fault zones.

5. Conclusions

Correlation between deformation intensity and rock type demonstrates that
lithology exerts a measurable influence on displacement magnitude and spatial
variability. The findings highlight the interaction between active fault dynamics and
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lithological conditions, providing critical insights for assessing infrastructure
vulnerability, environmental stability, and public safety in seismically active regions of
West Java. This geospatial approach offers a robust framework for ongoing monitoring
and hazard mitigation in other fault segments across Indonesia. Overall, the deformation
patterns in this region emphasize the role of rock physical characteristics in controlling
the response to seismic forces. Younger, highly porous units such as the
Guntur-Pangkalan and Kendang Volcanic Rock (Qgpk) deposits exhibit greater
subsidence, while andesitic-basaltic lavas exhibit better resistance. These findings
underscore the importance of field geological validation and in-situ measurements to
confirm satellite monitoring results, as the resolution of deformation data may not fully
distinguish the response of each lithology in detail.
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