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Abstract - An earthquake with a magnitude of M 5.6 occurred in Cianjur, West Java, on November 21st, 2022, and 
left 321 people dead. This event raised concerns about the potential for aftershocks, necessitating an in-depth analysis 
to evaluate future seismic risk in Cianjur. This study aims to identify the type of fault that triggered the earthquake 
and to relocate the hypocentre in the Cianjur area. First horizontal derivative (FHD) and second vertical derivative 
(SVD) methods from gravity data were used for mapping the fault structure and the fault type. Fault location is rep-
resented by zero SVD and peak FHD to determine the type of fault; the maximum FHD and minimum SVD values 
were compared. The correlation results of FHD and SVD graphs obtained a fault line with a northwest to southeast 
direction on the Cugenang Fault and Cimandiri Fault line, with its movement direction from Pelabuhan Ratu with a 
shear fault type. The results of the relocation analysis show the existence of two identified alignment structures in the 
direction of north northeast ̶ south southeast (NNW ̶ SSE) and east northeast to west-southwest (WSW-ENE) which 
form a group on the trendline of the fault zone, as evidenced by the tectonic activity in the Cianjur area caused by the 
existence of a pair of mutually perpendicular horizontal faults (shear conjugate faults).
Keywords: earthquake, FHD (First Horizontal Derivative), SVD (Second Vertical Derivative), shear fault, earthquake 
relocation, Cianjur Earthquake November 21st 2022 
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Introduction

Background
An earthquake is a phenomenon in which a jolt 

or shock originates from within the earth and then 
propagates to the earth's surface. Earthquakes 
occur as a result of a sudden release of energy, 
which produces particle vibrations that spread 
in all directions due to the subduction process. 
Earthquakes occur due to the rupture or shifting 
of rocks within the Earth's crust. These vibra-

tions then travel through the ground in the form 
of vibrational waves, and humans on the surface 
of the Earth feel the vibrations, which eventually 
become known as 'earthquakes'.

One of the earthquakes that recently struck 
Indonesia was the earthquake that occurred in 
Cianjur region on November 21st, 2022. This 
earthquake was categorized as a shallow crustal 
earthquake and had a mainshock-aftershocks 
type pattern, i.e., a main earthquake followed 
by a series of aftershocks. Based on Supendi et 
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adjustments to the stations used so that a clearer 
picture of tectonic and subduction patterns can 
be presented.

Geological Overview
Java is one of the regions in Indonesia with a 

very high population and infrastructure density. 
The risk of earthquake hazards in this region is 
strongly influenced by the population and the 
presence of infrastructure in areas that have been 
identified as disaster-prone. Below is a geological 
map of the Cianjur region. As one of the regions 
in Java, the geology of West Java is unique. Geo-
logical activities that last for millions of years 
have produced various types of rocks, including 
sedimentary rocks, igneous rocks (both extrusive 
and intrusive), and metamorphic rocks with vary-
ing age ranges.

The researched area is located in Cianjur 
Regency, precisely around the Cugenang Fault 
(Figure 1). The figure in the purple line box shows 
the line of the Cugenang Fault, which is perpen-
dicular to the location of the main earthquake in 
Cianjur (Figure 1). The earthquake data used was 
obtained from BMKG. Meanwhile, data related to 
the Cimandiri Fault used SHP files obtained from 
the map of seismic sources and earthquake hazard 
in Indonesia (PUSGEN, 2017). The delineation 
of the Cugenang Fault in this study is the result 
of gravity analysis (FHD and SVD), which was 
then compared with the findings of Supendi et 
al. (2023), who also reported the fault activity 
in Cugenang.

The geological structure in West Java is largely 
influenced by the collision interaction between the 
Indo-Australian Plate, which subducts beneath 
the Eurasian Plate. This plate collision activity 
forms the main tectonic elements in West Java, 
such as troughs, nonvolcanic outer arcs, fore-arc 
basins, magmatism pathways, back-arc basins, 
and the Sunda Shelf. This tectonic interaction 
has formed the major tectonic framework of West 
Java. Within this regional setting, the Cianjur area 
is characterized by complex geological structures 
related to active tectonic processes. In addition to 
the regionally scaled Cimandiri structure, recent 

al. (2022), the Cianjur region is traversed by the 
Cimandiri Fault of the Rajamandala segment, 
which has a left-lateral strike-slip mechanism, 
making the area vulnerable to earthquake threats. 
The Cimandiri Fault stretches from Pelabuhan 
Ratu Bay in Sukabumi to Padalarang in West 
Bandung Regency, with a total length of about 
100 km. The fault is divided into three segments, 
namely, the Cimandiri Segment (with a fault 
mechanism), the Nyalindung-Cibeber Segment 
(with a fault mechanism), and the Rajamandala 
Segment. However, recent research (Supendi et 
al., 2023) shows that the 2022 Cianjur earthquake 
did not originate from the Cimandiri Fault but 
rather from a local fault structure in the Cugenang 
area. This finding has become the main focus of 
this study. The Cianjur earthquake is associated 
with the Cimandiri Fault, which, originating from 
a local fault structure referred to as the Cugenang 
Fault, which plays an important role in controlling 
the seismic activity in the region.

One of the relevant geophysical methods in 
fault research is the gravity method, because it is 
able to produce a picture of density distribution 
in the subsurface layer. Subsurface geological 
structures can be recognized using the gravity 
method, which is a passive geophysical method. 
Variations in the earth's gravity field occur due 
to differences in density or mass density be-
tween rocks in the subsurface. These differences 
in density values make it possible to identify 
anomalies related to geological structures, such 
as the presence of faults. In this research, three 
types of gravity satellite data variations were 
taken, namely topographic data, geoid data, and 
gravity disturbance data. In addition to the grav-
ity method, this study uses the modified joint 
hypocentre determination (MJHD) method using 
Velest 3.3 software because the method limits 
the depth and the epicentre of the earthquake. 
With this approach, even when faced with differ-
ent variations in earth structure and non-uniform 
station placement, the method is still able to 
identify locations with a significant degree of 
accuracy. It also has the ability to process a 
large amount of data simultaneously and make 
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Figure 1. The studied area in Cianjur is shown by the purple line box.

seismotectonic data also indicate the presence of 
an active fault in Cugenang that is associated with 
the 2022 earthquake.

The lithologic geology of Cianjur and Suka-
bumi is based on Figure 2 of the regional geologic 
map, which includes 
1.	 The Qv Formation, the result of active vol-

canic deposits consisting of a mixture of lava, 
breccia, tuff, and lava deposits that are gener-
ally composed of andesite to basalt, formed 
in the Holocene era and was deposited on top 
of the underlying formations with no parallel.

2.	 The Qpv Formation, consisting of volcanic 
spice composed of andesite-basalt sourced 
from an old volcano of Pleistocene age.

3.	 The Tnv Formation consists of andesitic brec-
cia, basalt, lava, tuffaceous sandstone, and 
conglomerate of Neogene in age. 

4.	 The Tmss Formation, consisting of sandstone, 
sandstone tuff, claystone, tuff, and mudstone 
interbedded with conglomerate of various ma-
terials, marl, and limestone, with submarine 
inserts of Middle Miocene age. 

5.	 The Tomss Formation consists of marl, clay-
stone, sandstone, tuff, and limestone lenses.

6.	 The Tmi formation, consisting of granite, 

granodiorite, diorite, dacite, and quartz diorite, 
is of Miocene age. 

7.	 The Tlss formation consists of breccia of vari-
ous materials, tuff, sandstone, conglomerate of 
various materials, lava, eroded wood, altered 
rock, and claystone of early Miocene age. 

8.	 The Tlls Formation, consisting of limestone, 
marl, sandstone, claystone. The Tlls Forma-
tion is of Early Miocene age. 

9.	 The Tmvs formation consists of volcanic 
breccia, tuff, lava, andesite, basalt, and eroded 
wood of Late Miocene age. 

10.	The Tmib Formation, consists of breakthrough 
rocks generally composed of medium plagio-
clase and hornblende andesite around Mount 
Sanggabuana and Mount Parang.

Methods

The research used two methods, namely the 
gravity method to identify faults and the 
modified joint hypocentre determination method 
for earthquake hypocentre relocation. The 
following are the data processing stages of the 
two methods:
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Gravity Method
In the gravity method, there are topographic, 

geoid, and gravity disturbance data. The data 
were quoted from the icgem.potsdam website 
and converted to the UTM zone according to the 
researched area, namely the UTM 48S zone, with 
surfer software. Then calculated with Microsoft 
Excel to obtain the CBA (Complete Bouguer 
Anomaly) value, local and regional boundaries. 

The gravity method uses Newton's principle 
of gravity 1. This principle states that when two 
bodies with masses m1 and m2 are separated by 
a distance R, they will attract each other with a 
force proportional to the mass of each body and 
inversely proportional to the distance R. Newton's 
law can be formulated in the following equation:

F G
m m

r
=

( )1 2

2

 ................................................ (1)
	

where:
F = gravitational force (N)
G = gravitational constant (9,83 m/s2)

m1 = mass of the pendulum in the device (kg)
m2 = mass below the surface (kg)
r2 = distance (m)

Gravity field anomalies refer to the difference 
between the measured gravity field value at a par-
ticular location or position (x, y, z) and the theo-
retical gravity field value expected at the same 
location. These gravitational field differences are 
caused by variations in the density of the earth's 
subsurface. Data processing using the gravity 
method carried out three corrections, namely 
free air correction, Bouger correction, and terrain 
correction. The three data are further processed 
using Oasis Montaj software and produce regional 
anomaly, residual anomaly, FHD (first horizontal 
derivative), and SVD (second vertical derivative) 
modeling. The following is the equation formula-
tion of the three gravity corrections: It should be 
noted that gravity-based fault interpretations are 
indirect. Therefore, these identification results 
need to be validated with surface geological data 
or geomorphological analysis.

Figure 2. Regional geologic map of Cianjur area (Sudjatmiko, 1972).
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a. Free Air Correction
Gravitational acceleration attracts objects on 

earth, and free air correction (FAC) is used to 
improve measurement accuracy. This correction 
is only necessary when measurements are taken at 
locations above or below the geoid, i.e. sea level:

gfA     = 0.3086 x h ............................................ (2)

Description: 
gfA = free air correction (mgal)
h = height of the point above sea level (m)

b. Terrain Correction
Topographic correction is required to overcome 
the effects of irregular mass distribution around 
the measurement site. In the Bouguer correction 
method, it is assumed that the measurement point 
is on a very flat and wide surface:

                                                                    ..... (3) δ γρθg r r r z r zT = − + + − +( )2 1 1

2 2

2

2 2

 

where:
δgt = terrain correction (mgal)
γ = universal gravitational constant
Δ = compartment elevation difference (m)
r1 = radius of inner compartment (m)
r2 = radius of outer compartment (m)
θ = angle formed by the compartments  (degree)

c. Bouger Correction
The Bouguer correction considers the amount of 
mass between the measurement station and the 
geoid plane. This process involves calculating 
the gravitational attraction force arising from the 
rock, which is a slab layer with thickness H and 
average density of ρ.

δgb = 2ΠGph ................................................. (4)

where:
β = 2ПG = 0,4192.u.m2 Mg-1

G = 6,67 x 10-8m3Mg-1S-2

ρ = rock density (gram/cm3)
h = altitude (m)

To determine the type of fault in the researched 
area, the fault data in SHP format was imported, 
then a section was traversed three times from west 
to east for the Cugenang Fault research area and 
a section three times from north to south for The 
Cimandiri Fault research area. 

This method uses the WHU-SWPU-
GOGR2022S, 2023 model with a 0.01 km grid 
of gravity satellite data (icgem.postdam) aiming 
to obtain high spatial resolution. With a fine grid, 
information about gravity anomalies on the earth 
surface can be obtained in greater detail, making 
it possible to identify subsurface structures more 
accurately. High spatial resolution also makes 
it possible to detect small anomalies that may 
have geological or geophysical significance. 
Therefore, the use of 0.01 km grids in gravity 
data methods is essential for applications that 
require high detail in subsurface modeling and 
analysis. There are three types of data obtained 
from the website, namely, topographic data, 
gravity disturbance data, and geoid data. Each of 
the three data points was corrected using gravity 
correction.

Modified Joint Hypocentre Determinaton 
Method 

In this method, the data is obtained from the 
BMKG catalogue, namely earthquake data for 
549 earthquake events in the period of November 
11th to June 11th, 2023, and station data for 116 
station points. Both data were filtered to deter-
mine the closest earthquake point to the main 
earthquake. Then, it is processed further using 
Velest software.

The joint hypocentre determination (JHD) 
method, first coined by Douglas in 1967 and 
developed by Hurukawa and Imoto in 1992, 
can provide highly accurate estimates of earth-
quake locations. Although the earth structure is 
not uniform and the distribution of stations is 
uneven, accurate results can still be achieved. 
Thanks to the application of restrictions on depth 
and epicentre.

The principle of the MJHD method involves 
the simultaneous processing of earthquake travel 
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times to improve the accuracy of hypocentre 
location estimation. By integrating station adjust-
ments in the form of azimuth factors and relative 
station distances, the precision of the results can 
be improved, even if the velocity model applied 
is the same as that used to determine the hypo-
center. The MJHD method can be formulated in 
the following equation:

O C t TO T

t

x
x

t

y
y

t

z
dTO

ij ij j ij

ij

i

j

ij

i

j

ij

i

j

−( ) = −( )−

=
∂

∂
∂ +

∂

∂
+∂ +

∂

∂
+

,

++dSi

 ......... (5)

where:
(O-C)ij	 = residual travel time at earthquake i at 
station j
O	 = observed travel time (seconds)
C	 = calculated travel time (seconds)
tij	 = arrival time of earthquake j at station i
Tij	 = travel time of earthquake j at station i
dSi	 = correction for station i
dTOj	 = trial hypocentre correction of the j event
∂x,y,z	 = trial hypocentre correction of event j
TOj	 = earthquake time (seconds)

a. Data Selection
Figure 3 is the earthquake input data. The first 

step, selection input data based on the researched 

area. Data research using 116 stations and 549 
earthquake data.

b. Data Processing using Velest 3.3 Software
Data processing using Velest 3.3 software 

requires several inputs with the following file 
extensions:
1)	 *.cmn is the file extension for control 

parameters. 
2)	 *.sta is the file extension for the station list 
3)	 *.cnv is a file extension for earthquake data 3)

After the input data was processed, the result-
ing output data was in the form of the final re-
location of the hypocentre, latitude, longitude, 
depth and magnitude with new files, namely:

4)	 *.out (main printout)
Figure 4 is the station input data used in 
Velest 3.3 software; data writing must be in 
accordance with the format used by Velest 
3.3 software.

Result

Analysis of FHD Map from Gravity Data 
The FHD map derived from the CBA map can 

be derived vertically (FHD Y) and also horizon-
tally (FHD X), which is used to identify the fault 
as FHD Z (resultant between FHD X and FHD 

Figure 3. Earthquake input data.
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Y). FHD analysis aims to find the limit of density 
contrast from the heavy force data characterized 
by high values. If the FHD is low, then it indicates 
that the zone is stable by conducting three sections 
in the west to east direction for the Cugenang Fault 
and three sections in the north to south direction for 
the Cimandiri Fault that cuts the researched area.

The characteristics of the FHD method 
indicate the presence of a fault, which can be 
observed from either the minimum or maxi-
mum peak. Based on the FHD map in Figure 
5, the gravity value ranges from 0.0004784 to 
0.0185868 mgal, with high anomalies dominated 
by basalt rocks and low anomalies associated 
with coal. In Figure 5, it can be seen that there 
is a Cugenang Fault that runs between the slicing 
points described above. This Cugenang Fault re-
fers to the main earthquake point (star symbol). 
This anomaly pattern is not associated with the 
Cimandiri Fault but rather indicates the presence 
of a local structure in Cugenang that acts as the 
earthquake source.

Analysis of Second Vertical Derivative (SVD) 
Map from Gravity Data

SVD analysis was used to identify fault 
types by deriving the CBA values with respect 

to the z-axis at second order. This method aims 
to focus the data on the zero anomalies stored 
in the gravity data, as values of 0 mgal/m² can 
indicate the presence of lateral density contrasts 
characterized as maximum and minimum val-
ues, indicating the presence of structural plane 
boundaries (Figure 6).

Discussion

Analysis Results of Cugenang Fault and Ci-
mandiri Fault Types

The initial process of fault type analysis is 
the correlation of the FHD and SVD graphs by 
digitizing the FHD and SVD grids vertically (Y) 
and horizontally (X) according to the direction 
of the digitization. If the peak of the FHD graph 
and the 0 point of the SVD graph are found at 
the same point, a fault can be suspected at that 
location. These two graphs will confirm the lo-
cation of the fault. This graph is based on a line 
perpendicular to the fault. In this graph, the x-axis 
is the coordinate location on UTM Y or UTM X 
according to the direction of digitization, while 
the y-axis is the normalized SVD and FHD val-
ues. The values in each graph are normalized to 

Figure 4. Station input data.
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Figure 5. FHD (First Horizontal Derrivative) map modeling.

Figure 6. SVD (Second Vertical Derrivative) map modeling.
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make it easier to read. Normalization was done 
by dividing all values by the overall maximum 
value of each absolute value on the graph.

Figures 7a–c present the FHD and SVD 
slices across the Cugenang Fault, respectively, 
illustrating the spatial variations in the studied 
parameters and their correlation with the fault 
geometry. Based on the interpretation results in 
Figure 8, it can be represented in Table 1. Based 
on the image in section 1, incision A - A' has the 
same value between SVD Min and SVD Max, 
which is 0.3. While section 2 in section B - B' 
has the same value between SVD Min and SVD 
Max, which is 0.03. And section 3 at section C - C' 
has the same value between SVD Min and SVD 
Max, which is 0.09. Therefore, the fault segments 
at incision A-A', B- B', and C-C' can be classified 
as strike-slip faults.

Showing slicing that fault-type analysis is nec-
essary because the Cianjur earthquake was caused 
by active fault movement. Gravity analysis shows 
differences in rock density along the fault line, in-
dicating subsurface tectonic activity. Regionally, 
Cianjur is in a zone influenced by the tectonic dy-
namics of the Cimandiri Fault and the subduction 
activity of the Indo-Australian Plate against the 
Eurasian Plate, which can trigger the movement 
of local faults, including the Cugenang Fault. 
The Cugenang Fault is a newly identified fault in 
Cianjur. This fault stretches for approximately 9 
km, making it prone to causing earthquakes in the 
area. The correlation analysis results of the FHD 
and SVD graphs of the Cugenang Fault indicate 
a shear fault. According to BMKG research con-
ducted by Supendi et al. (2023) (Figure 8), the 
focal mechanism of the main earthquake with a 

Figure 7. Slicing of FHD and SVD gravity through Cugenang Fault (box symbol).
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Cugenang
Fault SVD max SVD min Type

Slicing 1 0.3 0.3 Strike Slip Fault
Slicing 2 0.03 0.03 Strike Slip Fault
Slicing 3 0.09 0.09 Strike Slip Fault

Table 1. Interpretation of Cugenang Fault Type Based on Section 1 to Section 3

magnitude of Mw 5.6 indicates a sinistral strike-
slip fault with a southwest-northeast orientation. 
This movement pattern is similar to the dominant 
movement that occurs on the Cimandiri Fault of 
the Rajamandala segment.

The fault analysis is shown in Figures 9a-c, 
used to determine the type of the Cimandiri Fault, 
because the Cimandiri Fault is an active shear fault 
approximately 100 km long, located in West Java. 
This fault is often cited as the trigger for many large 
earthquakes in the region. The Cimandiri Fault trig-
gers earthquakes in Cianjur due to its active nature, 
which causes movement and shifting in the zone.

According to the interpretation results pre-
sented in Figure 9, Table 2, section 1, indicates that 
incision A - A' exhibits identical values for SVD 
Min and SVD Max, both measuring 0.5. In Section 
B, subsection B', the value between SVD Min and 
SVD Max is 0.8. Section 3 at section C - C' has an 

identical value of 0.3 between SVD Min and SVD 
Max. The correlation analysis of the FHD and SVD 
graphs for the Cimandiri Fault indicates the pres-
ence of a shear fault. This analysis indicates that 
the fault segments at incisions A-A', B-B', and C-C' 
can be categorised as strike-slip faults, consistent 
with the findings of Supendi et al., 2023.

Results of Relocation of Earthquake Hypocen-
tre by Modified Joint Hypocentre Determina-
tion Method  

The subsurface layer of the earth through 
which earthquake waves travel exhibits a wide 
variety of properties. This variability is the cause 
of differences in the determination of hypocentre 
locations by different stations, resulting in the 
distribution and recording of different events 
(Guci et al., 2020). Therefore, further research is 
needed to reduce possible errors caused by inac-

Figure 8. The epicentre and hypocentre of the Cianjur earthquake were relocated on November 21st, 2022 (BMKG) (Supendi  
et al., 2022).
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Figure 9. Slicing of FHD and SVD Gravity through Cugenang Fault (box symbol).

Cimandiri
Fault SVD max SVD min Type

Slicing 1 0.5 0.5 Strike Slip Fault
Slicing 2 0.8 0.8 Strike Slip Fault
Slicing 3 0.3 0.3 Strike Slip Fault

Table 2. Interpretation of Cimandiri Fault Type Based on Section 1 to Section 3
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curacies in the reading system used in relocating 
the hypocentre parameters of previously recorded 
earthquakes. The aim is to obtain a more accurate 
earthquake hypocentre location by applying the 
modified joint hypocentre determination method 
(Rahmaningtyas et al., 2020) .

In this study, earthquake relocation was carried 
out using Velest 3.3 software in the Cianjur area. 
The data used were earthquake data for the period 
of November 11th, 2022 - June 11th, 2023 as many 
as 549 and station data as many as 116 events. The 
data used is BMKG catalog data. The following 

are the results of modeling the correlation map 
between the gravity method and the modified joint 
hypocentre determination method before and after 
relocation. The hypocentre distribution before 
relocation is shown in Figure 10 where there is a 
vertical cross-section slice based on longitude and 
latitude. A series of earthquakes with latitude and 
longitude in the cross section were seen to form a 
straight line pattern that spread. The latitude cross 
section forms a straight line pattern in the 6.6˚ 
to 7˚ N-S area, while the longitude cross section 
forms a straight line pattern in the 106.9˚ to 107.3˚ 

PUBLISHED IN IJOG



Indonesian Journal on Geoscience, Vol. 13 No. 2 August 2026: 297-312

308    

Figure 10. Map before earthquake relocation.

East area. The distribution of hypocentres is also 
dominated at a depth of 10 km.

The distribution of earthquakes before reloca-
tion in Figure 11 iwa seen to fill the northern part 
of Cianjur Regency with earthquakes spreading in 
the area west to southeast of Mount Gede. Most 
of these earthquakes were shallow earthquakes 
with depths of less than 40 km. The main Cianjur 
earthquake is marked with a red star and a series 
of aftershocks are marked with black circles. 
The figure shows the distribution of earthquake 
hypocentres in the Cianjur area, with the hypo-
centres spreading out to form boxes, not central-
ized or gathered in certain groups or clusters 
that do not show patterns corresponding to the 
main fault. The results after relocation show that 
there are certain groups or clusters that indicate 
high seismicity in the area. This is because the 
earthquake hypocentres after relocation move 
closer and gather to form a group on one trend 
of the same fault plane or structure. Trendlines 

or lines that show the tendency of earthquake 
patterns to follow the main fault structure in the 
region. This can indicate the presence of a cause 
that triggers an earthquake  (Supendi et al., 2022; 
Faridiarti, 2017).

Figure 12 shows hypocentre distribution 
chart modeling before relocation. Figure 13 
shows that after relocation. The distribution of 
hypocentres is still dominated by depths of 0 to 
40 km. In addition, there are several earthquake 
hypocentres at a depth of 10 km that form a 
pattern resembling a straight line. This depth is 
known as fixed depth, which occurs when the 
Seiscomp system used by BMKG automatically 
provides earthquake information to the public 
quickly. Fixed depth also occurs when the wave 
signals generated by an earthquake can not be 
clearly detected by the recording station, so 
Seiscomp automatically sets the depth of the 
earthquake at 10 km (Supendi et al., 2023; Sa-
lomo et al., 2015).
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Figure 12. Hypocentre distribution chart modeling before relocation.
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Figure 11. Map after earthquake relocation.
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If observed carefully, the distribution of 
earthquakes after relocation gathers to form 
a lineation structure (straight line) with the 
direction of earthquake movement in Figure 
13 a and b. There are two alignment structures 
indicated after the relocation process with 
the modified joint hyocentre determination 
method. The alignment structure is vertically 
along the north northeast-south southeast 
(NNW-SSE) northern part of Cianjur (Supendi 
et al., 2023). 

The first structure in the cross section of 
longitude depth (longitude) was seen as an 
elongated alignment structure with a depth of 2 
km to a depth of 25 km (Figure 13b). While the 
second alignment structure extends horizontally 
along the east northeast to west-southwest 
(WSW-ENE) northern part of Cianjur which is 
perpendicular to the first structure. The second 
structure is shown in the cross section of the 
depth of latitude (lattitude) with a depth of 2 km 
to a depth of 25 km (Figure 13a). The finding 
of this lineation is proven by the existence of 
tectonic activity in the Cianjur area caused by a 
pair of mutually perpendicular horizontal faults 
(strike-slip conjugate fault) (Supendi et al., 2023;  
Swastika et al., 2021).

The results of this study indicate that the 2022 
Cianjur earthquake did not originate from The 
Cimandiri Fault, but rather from a local fault 
structure refered to as The Cugenang Fault. This 
finding is consistent with Supendi et al. (2023), 
which also shows that the earthquake epicentre 
was not directly associated with the Rajamandala 
segment of The Cimandiri Fault. Thus, The Cu-
genang Fault can be interpreted as a local active 
fault, which is likely a newly recognized structure 
or a reactivation of a previously under-identified 
fault in regional geological maps.

It should be noted that gravity-based structural 
interpretation has limitations due to its indirect 
nature in representing subsurface fault geometry. 
Therefore, further validation through surface 
geological mapping, geomorphological analysis, 
and integration with seismic data will be very 
important to strengthen these results.

Conclusions

Based on the research results, it can be con-
cluded that:
1.	 Based on the FHD and SVD graph analysis, 

The Cugenang Fault is identified as a strike-
slip fault t acted as the main source of No-
vember 21st, 2022 Cianjur earthquake. This 
clarifies that the earthquake did not originate 
from The Cimandiri Fault, but from a local 
structure in Cugenang.

2.	 The hypocentre relocation analysis using the 
MJHD method revealed two linear structures 
oriented NNE–SSE and WSW–ENE. This 
pattern indicates the presence of conjugate 
faults that are mutually perpendicular in the 
Cianjur area, supporting the interpretation 
of local tectonic activity on The Cugenang 
Fault.

3.	 This study emphasizes that gravity-based 
fault identification needs to be integrated with 
surface geological data or other geophysical 
methods to achieve stronger validation.

4.	 Future research is recommended to integrate 
field geological data, satellite imagery, and 
seismic methods to achieve more compre-
hensive fault mapping in Cianjur, thereby 
providing a better basis for future seismic 
hazard mitigation.
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