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Abstract - The Yogyakarta region is one of the most seismically vulnerable areas in Indonesia, so detailed subsurface 
fault characterization is crucial for effective disaster mitigation strategies. Previous studies have recognized the Opak 
Fault as the main structure controlling seismicity in this area, but the geometry and existence of other fault systems 
remain less constrained. This study aims to delineate the subsurface density variations associated with fault zones 
and rock deformation. This study develops a two-dimensional gravity inversion model to refine the subsurface con-
figuration of faults in southern Yogyakarta. Gravity data were processed through standard corrections and anomaly 
separation to generate a complete Bouguer anomaly and residual anomalies. The results show that residual anomalies 
(-60 to 100 mgal) successfully delineate lithological variations, where older volcanic units (Semilir, Nglanggeran, and 
Sambipitu Formations) produce positive density contrasts (0.4-0.85 g/cm³), while younger Merapi deposits display 
negative contrasts (-0.5 to -0.05 g/cm³). Importantly, the 2D model highlights not only the Opak Fault but also the 
Ngalang Fault to the east, spatially coinciding with the 26th May 2006 earthquake epicentre. This finding provides 
new evidence of the structural complexity in southern Yogyakarta and emphasizes the role of the Ngalang Fault in 
regional seismicity, offering an updated basis for seismic hazard assessment in the area.
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Introduction

Background
The Yogyakarta earthquake occurred on May 

26th, 2006, at 22:53:58 UTC with a magnitude of 
~6.4, causing severe infrastructure damage, nu-
merous casualties, and significant economic losses 
(Perdana and Castello, 2025). This earthquake 
was initially attributed to the Opak Fault, as the 
most severe damage was concentrated in Bantul 
District, located near this fault system. However, 

several previous studies, including those con-
ducted by the German Task Force for Earthquake 
(GTF), reported that most aftershocks following 
the May 26th event were located more than 10 km 
east of the Opak Fault (Walter, 2006; Hasanudin 
et al., 2009; Handayani, 2019; Fitrianingtyas et 
al., 2023). Furthermore, Interferometric Synthetic 
Aperture Radar (InSAR) analysis indicated that no 
surface deformation was detected along the Opak 
Fault zone (Tsuji et al., 2009). Consequently, a 
number of studies utilizing seismic tomography, 
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Based on this background, the objective of 
this study is to identify the fault responsible 
for the 2006 Yogyakarta earthquake. Although 
previous research has provided insights into the 
likely source fault, information on rock density 
parameters, which are essential for characteriz-
ing weak zones, remains limited. Therefore, this 
study processes gravity data through Bouguer 
and terrain corrections to obtain representative 
gravity anomalies. These anomalies are subse-
quently analyzed to determine earthquake source 
depths through regional-residual anomaly sepa-
ration and Euler deconvolution. Furthermore, 
a two-dimensional inversion was carried out 
to model the subsurface density distribution, 
thereby complementing seismic tomography 
studies and providing a more comprehensive 
understanding of the subsurface structure in the 
studied area.

Geological and Stratigraphical Framework
The southern part of Yogyakarta is character-

ized by diverse lithostratigraphy resulting from 
a long history of sedimentary processes. Several 
geological formations are found within the studied 
area, each formed through different depositional 
environments. The Semilir and Nglanggeran 
Formations were deposited during the Late Eo-
cene to Early Miocene. The Semilir Formation is 
dominated by tuff, sandstone, and breccia, while 
the Nglanggeran Formation mainly consists of 
volcanic breccia intercalated with andesitic lava. 
During the subsequent period, from the Mid-
dle Miocene to Late Miocene, the Sambipitu, 
Wonosari, Kepek, and Sentolo Formations were 
developed. The Sambipitu Formation is charac-
terized by clastic sediments and volcanic breccia, 
whereas the Wonosari Formation is dominated by 
limestone. Overlying the Wonosari Formation is 
the Kepek Formation, composed of marl with 
intercalations of limestone, while to the west lies 
the Sentolo Formation, consisting of claystone, 
sandstone, and marl. Finally, during the Quater-
nary period, deposits of the Merapi volcanic rocks 
were formed. Figure 1 shows the geological map 
of the studied area.

hypocentre relocation, and stress analysis sug-
gested that the mainshock did not occur on the 
Opak Fault but rather on an unidentified fault 
located further east.

One of the important studies of the 2006 Yo-
gyakarta earthquake conducted by Diambama et 
al. (2019) revealed the velocity structure within 
the earthquake zone. Using Vp/Vs ratio tomog-
raphy inversion from aftershock data near the 
Opak Fault, the study demonstrated that most 
aftershocks were distributed 10-15 km east of 
the Opak Fault. In addition, velocity anomalies 
down to depths of 5-7 km were identified, indi-
cating the presence of a through-going fault with 
strike-slip and reverse components dipping east-
ward. Subsequently, Librian (2024) performed 
seismic tomography with finer grid spacing to 
model both the Opak Fault and an eastern struc-
ture identified as the Ngalang Fault. The study 
suggested an additional structural contribution 
from the Oyo Fault, which connects the Opak 
Fault with eastern fault segments. Ramdhan et 
al. (2025) further analyzed the seismicity us-
ing a 1D velocity model and relocated 2,141 
hypocentres out of 2,170 recorded earthquakes. 
The results revealed the presence of aftershocks 
along the southern segment of both the Opak 
Fault and the Oyo Fault, supported by the dis-
tribution of high static stress.

Previous studies have provided an overview 
of the velocity structure responsible for the 2006 
Yogyakarta earthquake. However, these investiga-
tions mainly describe the elastic properties of the 
rocks while neglecting subsurface density varia-
tions, which play a key role in fault dynamics. The 
present research complements these studies by 
applying the gravity method to investigate previ-
ously unaddressed parameters. Gravity analysis is 
particularly relevant in this context, as it allows 
the delineation of subsurface density variations 
that correspond to fault zones and rock damage 
through contrasts in lithology across fault bounda-
ries. By utilizing gravity data, anomalous rock 
bodies can be mapped based on density contrasts, 
providing a more comprehensive interpretation of 
fault positions and characteristics.
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The severe damage caused by the 2006 Yogya-
karta earthquake was closely related to the area's 
subsurface geological conditions. The studied area 
is generally covered by alluvial deposits and young 
volcanic rocks that are unconsolidated and poorly 
compacted, resulting in low seismic attenuation 
capacity and significant amplification of seismic 
waves (Moon et al., 2017; Famiani et al., 2020; 
Panzera et al., 2020). The eastern region comprises 
the Nglanggeran, Semilir, Sambipitu, and Kepek 
Formations, which exhibit extensive fracturing 
due to past tectonic activity (Mulyaningsih, 2021; 
Surono, 2008; Rizkianto, 2022). The Wonosari 
Formation also shows evidence of repeated volca-
nic activity since the Oligo-Miocene period, which 
subsequently formed gentle folds and uplifted 
structures (Pohan et al., 2023). This diverse litho-
logical composition, combined with the presence 
of the north-south-trending Opak Fault that cuts 
across unconsolidated sedimentary zones, pro-
duces a heterogeneous response to seismic wave 
propagation. Sedimentary zones tend to amplify 
ground motion, whereas active fault zones act as 
pathways for the release of earthquake energy.

Methods and Materials

Methods
The gravity method is one of the geophysical 

exploration techniques used to calculate varia-
tions in the Earth's gravitational field. These varia-
tions are caused by differences in the density of 
subsurface rocks. The fundamental theory of the 
gravity method is Newton’s Law, which states 
that the force between two objects is proportional 
to the product of their masses and inversely pro-
portional to the square of the distance between 
them. The gravity data obtained from field mea-
surements were then processed through a series 
of data processing and interpretation stages, as 
illustrated in Figure 2.

Gravity data processing begins with cor-
rections for instrumental drift and tidal effects. 
Drift values are obtained from the difference in 
repeated measurements at the base station relative 
to the observation stations. Tidal corrections are 
performed based on the acquisition time and the 
position of the observation points. Latitude cor-
rections were then applied using GPS measure-

Figure 1. Geological map of the studied area (modified from Indonesia Geospatial Shapefile Map) The dashed lines indicate 
the presence of faults; the bold solid lines represent identified faults, the yellow circles represent the gravity data acquisition 
points, and the grey solid lines denote subdistrict boundaries.
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ments collected in the field, which were subse-
quently used to calculate the correction values at 
each observation point. The acquired gravity data 
were further corrected for free-air, Bouguer, and 
terrain effects. The resulting Complete Bouguer 
Anomaly is expressed in Equation (1).

                                                       ................ (1)CBA g FAC BC TCobs� � � �

where:
gobs is the gravity value obtained during field ac-
quisition, 
FAC is the free-air correction, 
BC is the Bouguer correction, and 
TC is the terrain correction.

The Complete Bouguer Anomaly (CBA) 
represents a superposition of data from various 
depths; therefore, anomaly separation is required 
to distinguish residual anomalies (shallow sourc-
es) from regional anomalies (deeper sources). 
The separation was performed using the upward 
continuation method, which was mathematically 

expressed in Equation (2) (Blakely, 1996). 
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where ∆z>0.
Subsequently, the depth of the anomalies was 

mapped using the Euler deconvolution method. 
Initially, this method was widely applied to 
estimate the depth of hydrocarbon reservoirs; 
however, over time it has also been utilized to 
estimate the depth of gravity anomalies. The Euler 
deconvolution can be mathematically expressed 
in Equation (3) (Blakely, 1996).
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gi is the gravity anomaly value,

∂
∂

∂
∂

∂
∂x

g
y
g
z
gi i i  are the spatial derivatives of the  grav-

ity anomaly, 
x0y0z0 are the coordinates of the anomaly source,  
n is the structural index representing the source 
geometry. 

To further model the subsurface density dis-
tribution, gravity inversion was performed. The 
inverse modeling is expressed in a matrix form 
as Equation (4).

d = Gm + e ..................................................... (4)

where: 
d is the vector of observed gravity anomalies, 
G is the sensitivity matrix relating model param-
eters to observation. 
m is the vector of subsurface density parameters,  
e represents measurement errors. 

This gravity technique is used to examine 
regional-scale basins and geological formations. 
Advances in gravity assessment using full tensor 
gravity (FTG) can support both basin evaluation 
and geological formation mapping (Mahendra et 
al., 2026). This study concentrates on analysing 
gravity anomalies according to their intensity, 
form, and spatial arrangement to elucidate geo-

Figure 2. Data processing workflow showing the steps of 
data processing This process involves data collection and 
interpretation to develop the subsurface structural and 
depth model.
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logical formations and lithology in the southern 
Yogyakarta area and to investigate their relevance 
to the earthquake of 26 May 2006. Furthermore, 
the depth estimated from Euler deconvolution is 
interpreted in relation to known geological struc-
tures and lithologies. For instance, shallow sources 
inferred from residual anomalies may represent 
volcanic or alluvial deposits, while deeper regional 
anomalies may correspond to basement highs or 
structural troughs. The result of the inverse mod-
eling provides a two-dimensional distribution of 
subsurface density. High-density zones revealed 
by the inversion are interpreted as intrusive igne-
ous bodies, while low-density zones correspond to 
sedimentary layers, alluvial deposits, or potential 
cavities. The spatial extent, depth, and contrast 
of the density anomalies are analyzed to identify 
geological structures such as faults. Areas with 
sharp density contrast may indicate fault zones. 
Therefore, the distribution of high- and low-density 
anomalies can help identify potential earthquake-
prone areas and active fault systems.

Materials
This study utilized gravity data obtained from 

field measurements conducted in the southern part 
of Yogyakarta (Bantul and Wonosari Regencies), 
within the coordinates of 417,253 m E - 445,778 m 
E and 9,111,360 m N - 9,128,998 m N. A total of 
327 measurement stations were established across 
the studied area, as illustrated in Figure 1 by the 
small yellow circles. The field survey was carried 
out from 11th to 23rd August 2010. Measurements 

were carried out using a La-Coste & Romberg 
gravimeter, type G-1118 MVR, with an accuracy 
on the order of μgal (1 gal = 1 cm/s²). The position 
of each measurement point was recorded using a 
Trimble Navigation GPS, type 4600 LS, along 
with a Garmin GPS III Plus unit for field orienta-
tion. Additional equipment included a geological 
compass, geological maps, topographic maps, and 
field notebooks. The geographic coordinate system 
was employed during data acquisition, which 
was subsequently converted into UTM Zone 49S 
(WGS84) during data processing. 

Result and Analysis

Data Correction Result 
Prior to obtaining the observed gravity, the raw 

gravity meter readings were corrected through 
several preprocessing steps. These included tidal 
correction, which removes the influence of lunar 
and solar gravitational forces, and instrument 
drift correction, which accounts for changes in 
normal gravity with latitude. After applying these 
corrections, the adjusted gravity values were used 
to compute Δg, from which the final observed 
gravity was obtained (Table 1). The resulting 
observed gravity map (Figure 3) represents the 
gravity field after tidal and drift corrections. At 
this stage, the spatial pattern is still strongly con-
trolled by topography, with lower gravity values 
occurring in high-elevation regions and higher 
values concentrated in lowlands.

Station Latitude Elevation Gravimeter reading Tide corr Δg tide Drift corr Δg drift G obs
131 7.866661 85.41 1836.49 0.03 1836.56 -0.12 1836.68 978215.87
132 7.867769 84.23 1837.44 0.00 1837.57 -0.11 1837.67 978216.86
133 7.868878 82.76 1838.98 -0.02 1839.08 -0.10 1839.18 978218.37
134 7.870002 81.94 1840.67 -0.02 1840.82 -0.10 1840.92 978220.11
136 7.873066 79.92 1846.19 0.09 1846.14 -0.02 1846.16 978225.35
137 7.873375 83.81 1845.30 0.08 1845.29 -0.02 1845.31 978224.50
138 7.874133 84.55 1845.09 0.06 1845.17 -0.03 1845.20 978224.39
139 7.875430 85.67 1845.07 0.05 1845.13 -0.04 1845.17 978224.36
141 7.877703 133.87 1832.29 0.03 1832.39 -0.05 1832.44 978211.63
142 7.878653 92.95 1840.97 0.01 1841.06 -0.06 1841.11 978220.30
143 7.879745 93.47 1839.70 -0.01 1839.99 -0.07 1840.06 978219.25
144 7.881129 125.01 1832.81 -0.01 1832.95 -0.07 1833.03 978212.22

Table 1. An excerpt of the gravity correction table, including tidal and drift corrections used to obtain the observed gravity 
(g obs) for stations 131- 144. The full dataset consists of 327 stations. 
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Figure 3. Observed gravity contour map obtained after tidal and drift corrections. The pattern is still strongly influenced 
by topography.
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Figure 4. FAA contour map generated after applying free air correction to the observed gravity data.

The Free Air Anomaly (FAA) (Figure 4) was 
obtained by removing the elevation effect from 
the observed gravity. After correction, gravity 
values become more uniform, and the influence 
of topography is substantially reduced. The 

FAA map begins to highlight long-wavelength 
trends that correspond to deeper density varia-
tions. However, residual topographic effects 
and near-surface mass contributions are still 
present.
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The Simple Bouguer Anomaly (SBA) (Figure 
5) incorporates a slab correction using an average 
rock density of 2.2 g/cm³. This correction further 
eliminates mass effects associated with surface to-
pography. In the SBA map, the gravity field begins 
to reveal more distinct lateral density contrasts 
related to major geological units. High anoma-
lies appear over the older volcano, whereas low 
anomalies align with younger volcanic deposits.

Complete Bouguer Anomaly
The Complete Bouguer Anomaly (CBA) 

map obtained from a series of data reductions 
is presented in Figure 6. The CBA values range 
from 70 to 310 mgal, with the lowest anomalies 
represented by purple to blue colours, while the 
highest anomalies are shown in yellow to red.

Residual and Regional Anomaly 
The CBA represents a combination of grav-

ity anomalies originating from both deep (low-
frequency) and shallow (high-frequency) density 
sources. The desired anomalies in this study are the 
high-frequency components, referred to as residual 
gravity anomalies (Kebede et al., 2020). Residual 
anomalies are obtained by separating the CBA 

from the low-frequency (regional) anomalies using 
the upward continuation method (Lucero et al., 
2025; Bahia et al., 2025; Wuletawu et al., 2024).

Figure 7 shows the regional gravity anomaly 
pattern, which exhibits a southeast-northwest 
contour trend represented by red to blue colours, 
with values ranging from 80 to 200 mGal. Figure 
8 illustrates the residual gravity anomaly pattern, 
which is associated with shallow geological struc-
tures and has values ranging from -60 to 100 mGal. 
Figure 9 presents the results of the Euler deconvo-
lution analysis, which provides an overview of the 
position and depth of the gravity anomaly sources.

2D Modelling
Gravity data modeling was carried out to 

obtain subsurface information based on rock 
density variations. The modeling process was 
performed through inversion with the objective 
of constructing a geological structural model 
related to the 2006 Yogyakarta earthquake. The 
inversion was conducted iteratively, updating the 
density contrast model until an optimal fit with 
the residual gravity data was achieved while 
minimizing the misfit value. A total of six 2D 
profiles were generated along northwest-southeast 
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Figure 5. SBA contour map showing the distribution of subsurface density contrasts across the studied area.
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directions, starting from Line L1 in the north to 
Line L6 in the south. These profiles cross the 

Opak Fault and the Ngalang Fault, with Line L3 
specifically intersecting the mainshock zone of 
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91
15

00
0

91
20

00
0

91
25

00
0

100

90

80

70

60

50

40

30

20

10

0

-10

-20

-30

-40

-50

-60

G
ra

vi
ty

 A
n

o
m

a
ly

 (
m

G
al

)

420000 445000440000435000430000425000

Coastline

Depth (m)

900 to 1400

450 to 900

200 to 450

N
or

th
in

g
 (

m
)

Easthing (m)

0 5000 10000

Figure 9. Gravity anomaly map of the studied area with Euler deconvolution solutions. The colour contour represents the 
gravity anomaly values (mgal), while the circles indicate estimated source depths: 200–450 m (green), 450-900 m (orange), 
and 900-1400 m (red).

the 2006 Yogyakarta earthquake. The modeled 
profiles are shown in Figure 10.

Figure 11 presents the 2D model showing 
density contrasts ranging from -0.5 g/cm³ to 
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Figure 11. 2D inversion models of gravity data along six profiles (L1–L6) showing density contrast distribution (g/cm3). The 
colour scale represents density contrast values ranging from –0.5 g/cm3 (blue to purple, low density) to 0.85 g/cm3 (yellow 
to red, high density). Labels A, B, and C indicate the main density anomaly zones interpreted along each profile. The solid 
red lines represent the Opak Fault, while the solid black lines denote the Ngalang Fault.
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0.85 g/cm3 relative to the average density of 
2.2 g/cm3. The density contrasts are grouped 
into three categories: density contrast A (low 
density on the western side of the Opak Fault), 
density contrast B (high density), and density 
contrast C (low density on the eastern side of 
the Ngalang Fault).

Density contrast A, with a range of -0.5 to 
-0.05 g/cm3, was observed across all six profiles 
(L1-L6). Density contrast B, ranging from 0.4 
to 0.85 g/cm3, also appears in all six profiles 
(L1-L6), indicating the presence of the Nglang-
geran Formation, which consists of older vol-
canic rocks such as andesite, lava, and breccia. 
Meanwhile, density contrast C, representing the 
low-density zone on the eastern side of the Ng-
langgeran Fault, is identified in profiles L1-L4, 
but gradually weakens and eventually disappears 
in L5 and L6.

Discussion

The distribution of high Bouguer anomalies 
(Figure 2) was observed in the Wonosari Formation 
highlands, reflecting the dominance of Miocene 
carbonate rocks with relatively high density. This 
condition arises, because carbonate rocks that have 
undergone diagenesis are generally more compact 
and denser, thus producing a positive gravity re-
sponse. Conversely, the low anomalies recorded in 
the northern part indicate the presence of Quaternary 
volcanic deposits and the Sentolo Formation. These 
lithologies, which consist of sandstones, clays, and 
marls, have lower densities compared to carbon-
ates. Such differences may represent both structural 
controls and sedimentary processes that infilled the 
basin, as also explained by Widijono and Setyanta 
(2007) and Pohan et al. (2023). Therefore, the distri-
bution of Bouguer anomalies can be utilized to infer 
lithological contrasts and to understand the tectonic 
evolution of the southern Yogyakarta region.

The regional anomaly values ranging between 
170-200 mgal (Figure 7) reflect the existence of 
older, denser rocks at greater depths. This condi-
tion indicates the presence of basement rocks or 
more compact geological structures beneath the 

studied area. In contrast, the low anomalies (80-
140 mgal), represented by green to blue colours, 
are more closely related to younger sediments 
and volcanic deposits. A transitional yellow zone 
separating the two anomaly patterns highlights 
contrasting rock properties and is strongly as-
sociated with The Opak Fault as the principal 
structure controlling density contrasts in the area 
(Permana et al., 2024).

At shallower scales, the residual anomalies 
provide a more detailed representation of the 
near-surface to intermediate geological conditions 
(Figure 8). High anomalies (40-100 mgal) in the 
Imogiri and Mangunan areas correlate with Mio-
cene carbonate rocks of The Wonosari Formation 
as well as volcanic rocks from the Semilir, Ng-
langgeran, and Sambipitu Formations (Atmoko 
et al., 2018; Ansori et al., 2022). In contrast, 
low anomalies (-60 to 40 mGal) dominate the 
Bantul Basin, which is filled by young volcanic 
deposits of Mount Merapi. These low anomalies 
also display a north-south trend, interpreted as 
the trace of the Opak Fault, an active structure 
that controls basin development (Maghfira et al., 
2022; Azifah et al., 2025).

The Euler deconvolution results (Figure 9) 
reveal the distribution of gravity anomaly source 
depths forming linear patterns that can be inter-
preted as fault zones marking the boundaries 
between rock formations, such as the transition 
between the Sentolo and Wonosari Formations. 
Depth solutions ranging between 900-1400 m are 
associated with high Bouguer anomalies (40-100 
mgal), indicating a direct correlation with active 
faults, particularly the Opak Fault to the west 
and the Ngalang Fault to the east. This condition 
suggests the presence of a fault-bounded uplift 
zone formed by tectonic activity, underscoring 
the critical role of faults in controlling subsurface 
structure, morphology, and seismic potential in 
the studied area.

The distribution of density groups obtained 
from the inversion further highlights the relation-
ship between lithology, geological structures, 
and seismic potential. Density group A (-0.5 to 
-0.05 g/cm3), consistently present in all profiles 
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(L1-L6), is associated with the Semilir Forma-
tion, which consists of tuff and undifferentiated 
volcanic rocks. Density group B (0.4 to 0.85 g/
cm3), also found across all profiles, is interpreted 
as the Nglanggeran Formation, composed of older 
volcanic rocks such as lava, andesite, and brec-
cia. Interestingly, density group C (low density) 
dominates only the northern sections (L1-L4), but 
weakens and disappears in the southern profiles 
(L5-L6) due to the lithological homogeneity of 
the Wonosari Formation.

The presence of low-density zones in L1-L4 
(Figure 11) suggests a more complex geological 
composition, involving the Wonosari and Sam-
bipitu Formations. Spatially, the three density 
groups (A, B, and C) exhibit a westward shift, fol-
lowing the tectonic trend influenced by the Opak 
Fault, which becomes more westward toward the 
south. The Opak Fault acts as a boundary between 
older rock units and younger Merapi volcanic 
products, whereas the Ngalang Fault functions as 
a cross-cutting structure that truncates the Semilir, 
Nglanggeran, and Sambipitu Formations (Saputra 
et al., 2018; Sutiono et al., 2022). These results 
are consistent with the 2D models (Figure 11), 
which support the findings of Ramdhan (2025) 
and USGS observations that the mainshock of 
the 2006 Yogyakarta earthquake originated from 
the Ngalang Fault. Thus, the identification of 
low-density rocks (Group C, -0.5 to -0.05 g/cm3) 
plays a significant role as the seismogenic unit, 
confirming the close relationship between density 
distribution, active faults, and seismic potential 
in the studied area.

Furthermore, several microtremor studies 
conducted in the same region provide consistent 
evidence supporting the gravity-based interpre-
tation. Microtremor analyses along the Opak 
Fault in Bantul and Imogiri indicate high seismic 
vulnerability (Kg) and low dominant frequencies 
in Quaternary sedimentary zones, implying thick 
unconsolidated deposits (Marsyelina et al., 2014; 
Putra et al., 2022). Similarly, Wibowo et al. (2023) 
reported that areas underlain by alluvial and volca-
nic deposits near the Opak River exhibited signifi-
cant site amplification effects, which corresponded 

spatially with the low-density zones identified in 
this study. The agreement between gravity and 
microtremor results reinforces the interpretation 
that the Opak Fault and adjacent sedimentary basins 
play a major role in controlling seismic amplifica-
tion and energy propagation during earthquakes in 
southern Yogyakarta.

Conclusions

The use of gravity field data combined with a 
series of reductions and 2D inversion modeling 
provides significant insights into the geological 
structures of southern Yogyakarta. The 2D inver-
sion results successfully outlined the Opak and 
Ngalang Faults, which control structural configu-
ration and seismic potential of the area. The 2D 
inversion results also reveal that the earthquake 
source region correlates with a low-density con-
trast (-0.5 to -0.05 g/cm3 relative to the average 
density of 2.2 g/cm3), which indicates the pres-
ence of weak materials that are more susceptible 
to deformation. Furthermore, the inversion also 
delineates areas with high-density contrasts (0.4-
0.85 g/cm3 relative to the average density of 2.2 
g/cm3), which are interpreted as older volcanic 
rocks such as lava, andesite, and breccia from 
The Nglanggeran Formation. 

The main strength of this study lies in the grav-
ity inversion and structural interpretation, which 
provide valuable insight into subsurface condi-
tions in an active fault zone. Nevertheless, some 
limitations remain due to the spatial resolution of 
gravity data and the absence of direct subsurface 
validation, which may affect the accuracy of fault 
geometry estimation. Further research should 
integrate gravity data with other geophysical 
methods such as microtremor, magnetotelluric, or 
seismic surveys to improve model constraints and 
interpretation reliability. High-resolution gravity 
measurements are also recommended for more 
detailed mapping of fault structures. Overall, 
the findings of this study may serve as a scien-
tific basis for spatial planning, the determination 
of evacuation routes, and the development of 
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earthquake-resistant infrastructure in vulnerable 
regions, particularly around active fault zones.
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