
51-61

51�

Rudarsko-geološko-naftni zbornik
(The Mining-Geology-Petroleum Engineering Bulletin)
UDC: 550.3
DOI: 10.17794/rgn.2025.1.4

Preliminary communication

* Corresponding author: Sismanto Sismanto
e-mail address: sismanto@ugm.ac.id

Subsurface Structural Modelling using  
the Gravity Method in the Pacitan Area,  
Indonesia based on Derivative Analysis  
and Model Inversion

Ajimas Pascaning Setiahadiwibowo1,2, Ari Setiawan3, Salahuddin Husein4, Sismanto Sismanto5*
1 �Department of Physics, Faculty of Mathematics and Natural Sciences, Universitas Gadjah Mada, Jl. Geografi, Yogyakarta, 55281, Indonesia
2 �Geophysical Engineering, Faculty of Technology Mineral, Universitas Pembangunan Nasional Veteran Yogyakarta,  
Jl. Padjajaran 104, Yogyakarta, 55283, Indonesia. https://orcid.org/0000-0002-9597-3336

3 �Department of Physics, Faculty of Mathematics and Natural Sciences, Universitas Gadjah Mada, Jl. Geografi, Yogyakarta,  
55281, Indonesia. https://orcid.org/0000-0002-2146-4037

4 �Geological Engineering Department, Faculty of Engineering, Universitas Gadjah Mada, Jl. Grafika Bulaksumur No.2, Yogyakarta,  
55284, Indonesia. https://orcid.org/0000-0002-4360-0730

5 �Department of Physics, Faculty of Mathematics and Natural Sciences, Universitas Gadjah Mada, Jl. Geografi, Yogyakarta,  
55281, Indonesia. https://orcid.org/0000-0002-7671-0514

Abstract
The southern part of Java is dominated by volcanoes covered by thick and young volcanic deposits. Due to the complex 
subsurface conditions, active geophysical techniques such as seismic reflection cannot be used in this volcanic area. 
However, the gravity method provides a suitable alternative for geophysical exploration in this challenging environment. 
Gravity data obtained from satellite measurements was used to create Bouger anomaly maps to overcome this. Struc-
tural analysis in this research used derivative analysis, namely, first and second horizontal derivatives. The modelling was 
done using an inverse model, and the inversion process was carried out using the SVD and Occam methods. In conduct-
ing the structural analysis and inversion model, the data used is residual anomaly data obtained from the complete 
Bouger anomaly by carrying out the previous bandpass filter. The research produces a subsurface model detailing the 
geological features of the study area, including the basin and structural formations.
Two cross-sections, A-A’ and B-B’, were created to interpret the geological model from north-south and west-east directions. 
The formations and values of both density contrast found in the study area according to rock age from old to young are 
the Arjosari Formation (-0.3 - -0.28 gr/cm3), the Mandalika Formation (-0.28 - -0.25 gr/cm3), Intrusion (0.25 – 0.4 gr/cm3), 
the Jaten Formation (-0.1 – 0.25 gr/cm3), the Wuni Formation (-0.25 - -0.2 gr/cm3), and the Nampol Formation (-0.2 - -0.1 
gr/cm3). These revealed six rock formations in cross-section A-A’ and three rock formations in cross-section B-B’. The 
density values of various formations were also determined. The reverse faults, strike-slip faults, and normal faults were 
the geological structures found. The analysis also identified two sedimentary basins, the Wonogiri basin and the Pacitan 
basin, with a depiction of the Pacitan sub-basin in the B-B’ section.
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1. Introduction

The volcanoes located in southern Java are mostly 
covered by thick, young volcanic deposits, making it dif-
ficult to describe the subsurface geology (Satyana, 
2016; Novianto et al., 2020). Active structural geology 
is developing in southern East Java, especially faults on 
the surface (shallow) and below the surface (subduction 
zone) and those associated with the Quaternary volcanic 
arc. Geologically, some rocks created during prehistoric 
geology have been discovered. A number of sedimentary 
rocks that formed in sedimentary basins were lifted and 
eventually formed Java’s mainland. Subsequently, a va-

riety of igneous and volcanic rocks were developed as a 
result of magma extrusion and geological structures 
were created by tectonic and volcanic activity. The geo-
logical features of the Pacitan region and its environs 
have been studied by a number of earlier scholars, in-
cluding (Bemmellen, 1949; Samodra et al., 1992; Soe-
ria-Atmadja et al., 1994; Sutanto, 2003; Smyth et al., 
2008; Sumotarto et al., 2020). Geological structure is 
one of the controls of geological processes in a given 
location. Complex interactions of geological structures 
typically lead to the formation of networks consisting of 
interconnected faults and fractures (Curewitz and Kar-
son, 1997; Faulds et al., 2010; Faulds and Hinz, 2015; 
Yasin et al., 2023).

Subduction tectonic activity is also the epicenter of 
earthquakes. Some earthquake events can cause signifi-
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cant destruction due to active faults serving as a conduit 
for vibrations. Therefore, it is essential to map active 
faults on Java Island. In the East Java Province, exten-
sive studies have focused on one such active fault, 
known as the Grindulu Fault (Rachman et al., 2020). 
The Grindulu Fault has a SW-NE direction across Tega-
lombo District, Pacitan Regency, East Java Province 
(Gultaf et al., 2015).

Gravitational techniques are regarded as crucial geo-
physical tools for investigating and evaluating anoma-
lies in the Earth’s gravitational field resulting from vari-
ations in subsurface density (Telford et al., 1990; Hinze 
et al., 2012; Rezaie, 2019; Kumar, Ch. et al., 2020; 
Essa et al., 2021). These techniques have been utilized 
to address various exploration challenges, including un-
derstanding the composition of the Earth’s crust (Mel-
ouah & Pham, 2021; García-Abdeslem, 2022; 
Sathapathy and Radhakrishna, 2023; Chamoli et al., 
2023; García-Abdeslem and Pérez-Luján, 2023; 
Piña-Varas et al., 2023), underground basins (Constan-
tino et al., 2017; Roy et al., 2021; Florio et al., 2021), 
sedimentary basins (Gabtni et al., 2009; Maden & El-
mas, 2022; Zhang et al., 2023), mineral exploration 
(Dufréchou et al., 2011; Almasi et al., 2014; Ais-
abokhae et al., 2023; Alarifi et al., 2019; Yang et al., 
2021), geothermal investigations (Oka et al., 2013; 
Ahumada et al., 2023; Li, 2023) and subsurface struc-
tures (Arima et al., 2013; Aboud et al., 2018; Mulug-
eta et al., 2021; Amir et al., 2021; Suwargana et al., 
2023).

Gravity satellite data is used because satellite data is 
available on the internet and can be openly accessed 
(Yanis et al., 2019). Some researchers have used gravity 
measurements from satellite data to investigate subsur-
face structures; this is a valuable method for determining 
the structure (Lewerissa et al., 2021; Thanh Pham et 
al., 2021; Omietimi et al., 2021; Epuh et al., 2023; 
Satyakumar et al., 2023; Nigussie et al., 2023; Pohan 
et al., 2023). To gather data on gravity in the land, mari-
time, and aerial domains, several satellite gravity mis-
sions were launched (Chapin and Ander, 1999; Flech-
tner et al., 2021). Satellites equipped with sensors can 
survey large regions more efficiently than ground-based 
instruments due to their ability to capture images of the 
Earth at a quicker rate (Chao et al., 2011). According to 
the findings of Novianto et al., (2020), the structural 
pattern in this area is the result of a tectonic compression 
process. A Horst-Graben pattern was observed, which is 
similar to the surrounding basins in the Kendeng basin 
configuration, with the Kendeng basin located to the 
north of the study area. This Horst-Graben pattern, char-
acterized by alternating horst and graben structures, sug-
gests that the region has experienced significant com-
pressional forces, leading to the formation of these dis-
tinct geological features. The presence of this tectonic 
pattern provides important insight into the complex sub-
surface conditions and the geological history of the vol-
canic regions in southern Java.

In this paper, subsurface structure modelling uses re-
sidual anomalies and a comparative study of the first and 
second horizontal derivatives (FHD and SHD). Residual 
gravity data offer valuable insight for interpreting geo-
logical sources through geophysical means. Different 
methods for identifying distinct components in gravity 
data have been developed and applied. However, only a 
limited number of methods integrate accurate geophysi-
cal or geological information during the processing of 
gravity data (Chao et al., 2011). Horizontal derivative 
analysis describes the contact boundaries of structures 
such as faults. Therefore, if a cross-section of the resid-
ual anomaly profile is taken, FHD and SHD can detect 
the presence of subsurface structures along the cross-
section. This research’s horizontal derivative analysis 
process was conducted discretely by extracting grid data 
from cross-sections produced from residual anomaly 
contour maps. The cross-section is constructed perpen-
dicular to the fault, based on the anomaly pattern and 
geological faults depicted on the map. In light of the 
above, this paper’s objective is to use gravity anomaly 
data to model structure in the study region and to deter-
mine the pattern of the fault structure.

2. Regional stratigraphy

The Arjosari Formation, the Mandalika Formation, 
Intrusion, the Watupatok Formation, the Campurdarat 
Formation, the Jaten Formation, the Wuni Formation, 
the Nampol Formation, the Oyo Formation, the Wono-
sari Formation, the Kalipucang Formation, and the Al-
luvium Formation are among the older to younger for-
mations shown in the stratigraphy (Samodra et al., 
1992).

The Arjosari (Toma) Formation, of Late Oligocene-
early Miocene age, is made up of sandstone, polymictic 
conglomerate, mudstone, limestone, sandy marl, and 
calcareous sandstone intermingled with volcanic brec-
cia, lava, and tuff. The Mandalika (Tomm) Formation 
dates from the Late Oligocene and is made up of lava, 
volcanic breccia, and tuff interspersed with tuff siltstone, 
sandstone, and mudstone. Intrusive rocks (Tomi) are 
Late Oligocene to Early Eocene in age and are made up 
of andesite, dacite, basalt, and diorite intrusions.

The Watupatok (Tomw) Formation dates from the 
Late Oligocene to Early Miocene and consists of lava, 
interbedded mudstone, sandstone, and chert. The Cam-
purdarat Formation (Tmcl) is of the Early Miocene age 
and is composed of crystalline limestone, tuffaceous 
sandstone, and mudstone. The Jaten Formation (Tmj) is 
from the Early Miocene period and is characterized by 
conglomerate sandstone, conglomerate, tuff sandstone, 
mudstone, carbonaceous shale, lignite, and tuff, with 
some sections containing sulfur. The Wuni Formation 
(Tmw) is of Early Miocene-Late Miocene age. It com-
prises tuffaceous sandstone, volcanic breccia, lithic 
sandstone, tuff, and siltstone, with intercalations of 
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limestone and lignite, locally containing silicate wood 
blocks. The Nampol Formation (Tmn) is of Early Mio-
cene age and is made up of siltstone, tuffaceous lime-
stone, mudstone, tuffaceous sandstone, and lignite with 
alternations of conglomerate and breccia. The Oyo For-
mation (Tmo) is of Late Miocene age and is composed 
of tuffaceous marl, calcareous siltstone, sandy marl, tuf-
faceous sandstone, calcareous sandstone, and tuffa-
ceous limestone.

The Wonosari Formation (Tmwl) dates from the Late 
Miocene to the Early Pliocene and consists of reef lime-
stone, layered limestone, fragmental limestone, sandy 
limestone, and marl. The Kalipucang Formation (Qpk) 
is of Late Pleistocene-Early Holocene age and is com-
posed of conglomerate and clay. Alluvium (Qa) is Holo-
cene in age and is composed of rocks, gravel, silt, sand, 
mud and clay.

3. Data and method

This research was conducted by processing the Glob-
al Gravity Model Plus (GGMplus), reconstructed from 
satellite data, EGM (Earth Gravity Model) 2008, and in-
corporated short-scale topographic adjustments to 
achieve a resolution of 200 meters between data points 
(Hirt et al., 2013). The GGMplus global gravity model 
provides five gravity data sets for public download: 
gravitational acceleration (gn), gravitational perturba-
tion (∂g), quasi-geoid height (ζ), north-south vertical de-
flection (ƞ), and east-west (ξ). The gravity data utilized 
in this study is gravity disturbance (∂g).

For the next processing step, we also use the Digital 
Elevation Model Earth Residual Terrain Model 2160 
(DEM ERTM 2160), which is used as the elevation data 
of grid points of the GGMplus gravity acceleration data 
(Hirt et al., 2014). We then processed the gravity anom-
aly further by projecting it onto a flat plane, dividing it 
into regional and residual effects, analyzing the first and 
second horizontal derivatives (FHD and SHD), and 
building a block model for model optimization using the 
Occam inversion and SVD (Singular Value Decomposi-
tion) techniques. Singular Value Decomposition (SVD) 
inversion is a factoring method based on the matrix’s 
singular values. The normal SVD approach performs the 
inversion computation on the Jacobian sensitivity ma-
trix. Occam inversion incorporates the value of each ad-
jacent minor block and minimizes the error value pro-
duced by the model. This approach seeks to enhance the 
alignment between the observed and computed data, 
thereby decreasing the discrepancy between the two (Pi-
rttijärvi, 2014).

3.1 Gravity anomaly processing

In the analysis of the research area, several correc-
tions are necessary to obtain free air anomalies (FAA), 
simple Bouguer anomalies (SBA), and complete Bougu-

er anomalies (ABL) (Telford et al., 1990). The correc-
tions consist of reducing the observed gravity value to 
the normal gravity value, applying free air correction, 
simple Bouguer correction, and terrain correction. Thus, 
the free air correction equation (δgFA) is described in 
Equation 1:
	 δgFA = −0.3085672 h� (1)

Where the value of h is the topographic height below the 
measurement point so that the free air anomaly (FAA) is 
Equation 2:

	 FAA = gobs – gn – δgFA� (2)

Where the observed gravity field is gobs and the normal 
gravity field is gn on the reference spheroid. Next is top-
ographic correction, which includes simple Bouguer and 
terrain correction. Thus, the simple Bouguer anomaly 
(SBA) value can be calculated by subtracting the free air 
anomaly (FAA) with Bouguer correction (Karl, 1971) 
as shown in Equation 3.

	 SBA = FAA – (0.04192 h)� (3)

From the simple Bouguer anomaly value using ERTM 
2160 DEM data. From the ERTM 2160 DEM, the terrain 
correction value (δgTC) at the gravity measurement point 
can be obtained according to the terrain correction ap-
proach using the Hammer Chart (Hammer, 1939) as 
shown in Equation 4.

	 δgTC = 0.04192 (HN – h)� (4)

Where HN is the normal or reference height for GGM-
plus data and h is the topographic height below the 
measurement point. Thus, complete Bouguer anomaly 
(CBA) GGMplus can be obtained by adding simple 
Bouguer anomaly (SBA) with terrain correction (δgTC) 
described in Equation 5.

	 CBA = SBA + δgTC� (5)

With a wide band-pass filter, the complete Bouguer 
anomaly data set was divided into regional and residual 
anomalies in order to gain a better understanding of the 
shallow and deep structures in the study area.

3.2 Model inversion

After obtaining regional and residual gravity anoma-
lies, an initial model is conducted to model the structure. 
Residual anomalies are used to model shallow subsur-
face structures. The modelling stage is carried out by 
creating an initial model (block model), which is con-
trolled by geological conditions (see Figure 3) using 
Grablox (Pirttijärvi, 2014) and Bloxer software (Pirt-
tijärvi, 2012). The initial model is created by entering 
physical parameters such as density values and block 
positions (x, y, z). The existence of subsurface structures 
was then determined through an inversion process that 
used the SVD and Occam methods. Inversion using the 
SVD method consists of base, density, and height inver-
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sion. Meanwhile, inversion using the Occam method in-
cludes Occam d (Occam density), Occam height (Oc-
cam h), and Occam h+d (Pirttijärvi, 2014).

3.3 �Horizontal derivative analysis  
(horizontal gradient)

Horizontal derivatives in gravitational anomaly data 
are defined as changes in gravitational field values from 
one point to another at a certain distance. Horizontal de-
rivative analysis can be performed in the first horizontal 
derivative/FHD or second horizontal derivative/SHD). 
This method can be used to delineate shallow and deep 
subsurface structures. Equations 6 and 7 used in FHD 
and SHD calculations are as follows (Hinze et al., 2012):

	 � (6)

	 � (7)

at the bottom of the regional anomaly map. The values 
of regional anomalies on the map range from -99.9 mGal 
to 130.5 mGal, reflecting variations in subsurface rock 
density. The residual anomaly map is derived using a 
frequency range defined by an upper cutoff frequency of 
37,000 Hz and a lower cutoff frequency of 9,350 Hz.

Based on the color scale at the bottom of the residual 
anomaly map, Figure 2b displays the distribution of re-
sidual gravity anomaly values in the study area’s topic. 
The values are shown in the dark blue to purple range. 
The residual anomaly value depicted on the map varies 
from -32.9 mGal to 60.3 mGal.

4.2 Anomaly modelling

Subsurface modelling is conducted using the obtained 
residual anomaly data. The use of residual anomalies is 
expected to be able to identify the subsurface. Geologi-
cal maps are used to aid in creating initial model blocks. 
The initial model for the study area has a major block 
depth of z = 4 km and includes 5 layers in the z-axis di-
rection, along with 30 minor blocks in both the x-axis 
and y-axis directions.

For interpretation, the process of returning the density 
contrast value to the actual density is conducted. In this 
study, the background density value was 2.5 gr/cm3. This 
value is obtained from the average rock density values in 
the research area. The contrast density range, as revealed 
by the inversion measurements, is -0.35 gr/cm3 to 0.4 gr/
cm3. The background density value is added to the con-
trast density value to get the actual density value. There-
fore, the density value at the research location ranges 
from 2.15 gr/cm3 to 2.9 gr/cm3 (see Figure 3).

4.3 Structural analysis and geological models

Figure 4a is a derivative horizontal analysis that 
shows the suspected fault in cross-section A-A’ with a 
cut direction from north to south. This hypothesis re-
garding faults is derived from the examination of the 
FHD and SHD results presented in the graph, which in-
dicates that there are five faults in cross-section A-A’.

Figure 4b is a section of the inversion modelling re-
sults. From these results, you can determine the litholo-
gy or rock formation type based on the density contrast 
value. Based on this analysis, six rock formations were 
obtained in the research area, namely the Nampol For-
mation (-0.2 - -0.1 gr/cm3 or 2.3-2.4 gr/cm3), the Wuni 
Formation (-0.25 - -0.2 gr/cm3 or 2.25 – 2.3 gr /cm3), the 
Jaten Formation (-0.1 – 0.25 gr/cm3 or 2.4 – 2.75 gr/
cm3), the Mandalika Formation (-0.28 - -0.25 gr/cm3 or 
2.22 – 2.25 gr/cm3), the Arjosari Formation (-0.3 - - 0.28 
gr/cm3 or 2.2 – 2.22 gr/cm3) and Intrusion (0.25 – 0.4 gr/
cm3 or 2.25 – 2.9 gr/cm3).

From Figures 4a and 4b, a geological model concept 
was created that describes subsurface conditions. This 
cross-section passes through two sedimentary basins in 
different areas (Wonogiri and Pacitan basins) (see Fig-

Figure 1: Illustration of gravity anomaly (g), SHD, and FHD 
when there is density contact (from Hinze et al., 2012)

Figure 1 explains the gravity anomalies at long verti-
cal contacts between geological boundaries based on 
different density anomaly values. The FHD value will be 
maximum or minimum, and the SHD value will be 0 at 
the anomaly value to determine the geological contact 
boundary (Hinze et al., 2012).

4. Result and discussion

4.1 ABL and Residual Maps

Figure 2a shows the regional gravity anomaly values 
distribution in the topic of study area, displayed in the 
dark blue to purple color range based on the color scale 
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ure 2b). The high-density contrast values between the 
two basins are interpreted as intrusions. In the section 
depicting low-density contrast (south) near the surface, 
there is a pattern of discontinuous density contrast, sus-
pected to be a Normal Fault. In addition to the Normal 
Fault depicted in the cross-section, there is also a Strike-

Slip Fault present. The Girindulu Fault in the Pacitan 
area has a normal fault and strike-slip fault structural 
pattern (Gultaf et al., 2015). The second basin, the 
Wonogiri (north) basin, has a somewhat consistent and 
continuous density contrast. It is suspected that the rocks 
have similar physical parameters. Variations in density 

Figure 2: a. Complete Bouger anomaly map and b. Residual anomaly map of the research area.

Figure 3: a. Initial 3D model, and b. The final model resulting from 3D inversion modelling
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contrast that show a uniform and continuous pattern up 
to the edge of the cross-section in the Wonogiri basin 
show that variations in the lithology that make up each 
of the different formations tend to have similarities in 
their constituent rock units and were deposited in har-
mony with the continuity of the sedimentation process.

Figure 5a is a derivative horizontal analysis that 
shows the suspected fault in the B-B’ cross-section with 
the cross-section direction from west to east. Based on 
the FHD and SHD analysis of the B-B’ cross-section, 11 
contact boundaries were obtained which were suspected 
to be faults.

Figure 5b is a section of the inversion modelling re-
sults. From these results, you can determine the litholo-
gy or rock formation type based on the density contrast 
value. Based on this analysis, four rock formations were 
obtained in the research area, namely the Jaten Forma-
tion, the Mandalika Formation, and the Arjosari Forma-
tion, and there are intrusions on the eastern side.

Figure 5c is a geological model concept which refers 
to figures 5a and 5b. In the central area of the study, there 
are low gravity field values in the southern part, which is 
the Pacitan basin (see Figure 2b). The description of this 
basin is the same as that in Figure 4c. The eastern part of 
the cross-section is a sub-basin of the Pacitan basin, 
which is in the eastern part bordered by high-density 
zones or intrusions. Stratigraphically, this sub-basin is 
suspected to have lithological variations similar to the 
Pacitan basin. The density contrast, which tends to be 
uniform, is believed to be a response to rocks that have 
similar lithological variations and were deposited con-
tinuously and in harmony. The southern mountains are 
interpreted as a geomorphological formation caused by 
uplift. Therefore, the structural pattern in the southern 
mountains is a thrust fault (Hall et al., 2007). Compres-
sion brought about by tectonic forces gave rise to the 
Southern Mountains and the Kendeng zone (Adli et al., 
2021).

Figure 4: a. Derivative horizontal analysis (FHD and SHD) based on A-A’ residual anomaly map,  
b. Cross-section resulting from inversion modelling (final model) and c. Geological model concept.
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5. Conclusions

The range of values for residual anomaly is -32.9 
mGal to 60.3 mGal. The remaining anomaly map identi-
fies two sedimentary basins: the Pacitan basin in the 
south and the Wonogiri basin in the north. The cross-
section pattern is made based on the presence of a de-
pression. Two perpendicular cross-sections were made 
to determine the geology of the subsurface structure. 
The first cross-section is from north to south (A-A’), and 
the second is from west to east (B-B’). Based on the 
FHD and SHD analysis of the first cross-section, five 
structural patterns exist. Normal and strike-slip faults 
are the two types of structures seen in the first cross-
section. The normal fault has a pattern like Horst and 
Graben and is in the Pacitan basin. The second cross-
section contains 11 structural patterns. The structures 

contained in the second cross-section are normal faults 
and reverse faults. In the second section of the geologi-
cal model, there is a sub-basin of the Pacitan basin.

Inversion modelling was conducted using Grablox 
and Bloxer software to determine the rock formations in 
the research area. In this modelling, the background 
density value is 2.5 gr/cm3. The density value ranged 
from 2.15 to 2.9 gr/cm3 based on the inversion model 
results, which showed a density contrast value of -0.35 
gr/cm3 to 0.4 gr/cm3. The formations and values of both 
density and density contrast found in the study area from 
old to young are the Arjosari Formation (-0.3 - -0.28 gr/
cm3 or 2.2 – 2.22 gr/cm3), the Mandalika Formation 
(-0.28 - -0.25 gr/cm3 or 2.22 – 2.25 gr/cm3), Intrusion 
(0.25 – 0.4 gr/cm3 or 2.25 – 2.9 gr/cm3), the Jaten For-
mation (-0.1 – 0.25 gr/cm3 or 2.4 – 2.75 gr/cm3), the 
Wuni Formation (-0.25 - -0.2 gr/cm3 or 2.25 – 2.3 gr/

Figure 5: a. Derivative horizontal analysis (FHD and SHD) based on B-B’ residual anomaly map,  
b. Cross-section resulting from inversion modelling (final model) and c. Geological model concept.
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cm3), and the Nampol Formation (-0.2 - -0.1 gr/cm3 or 
2.3-2.4 gr/cm3).
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SAŽETAK

Potpovršinsko strukturno modeliranje korištenjem gravitacijske metode  
u Pacitanskome području, Indonezija, na temelju derivacijske analize  
i inverzije modela

Južnim dijelom Jave dominiraju vulkani prekriveni debelim i mladim vulkanskim naslagama. Zbog složenih potpovršin-
skih uvjeta, aktivne geofizičke tehnike kao što je refleksijska seizmika ne mogu se koristiti u ovome vulkanskom područ-
ju. Međutim, gravimetrijska metoda pruža odgovarajuću alternativu za geofizička istraživanja u ovome izazovnom okru-
ženju. Kako bi se to prevladalo, za izradu karata Bouguerovih anomalija iskorišteni su gravimetrijski podatci prikupljeni 
satelitskim mjerenjima. U strukturnoj analizi ovoga istraživanja korištene su metode derivacije, odnosno prva i druga 
horizontalna derivacija. Modeliranje je izvršeno primjenom inverznoga modela, a proces inverzije proveden je metoda-
ma SVD i Occam. Za strukturne analize i inverzno modeliranje korišteni su podatci rezidualnih anomalija, dobiveni iz 
kompletnih Bouguerovih anomalija nakon primjene prethodnoga pojasnog filtra. Istraživanje je rezultiralo modelom 
podzemlja koji detaljno opisuje geološke značajke proučavanoga područja, uključujući bazen i strukturne formacije.
Dva presjeka, A-A’ i B-B’, generirana su za interpretaciju geološkoga modela iz smjerova sjever-jug i zapad-istok. Forma-
cije i vrijednosti gustoće i kontrasta gustoće pronađene u istraživanome području prema starosti stijena od starih do 
mladih jesu formacija Arjosari (–0,3 – –0,28 gr/cm3), formacija Mandalika (–0,28 – –0,25 gr/cm3), intruzija (0,25 – 0,4 gr/
cm3), formacija Jaten (–0,1 – 0,25 gr/cm3), formacija Wuni (–0,25 – –0,2 gr/cm3) i formacija Nampol (–0,2 – –0,1 gr/cm3). 
Ustanovljeno je šest stijenskih formacija na presjeku A-A’ i tri stijenske formacije na presjeku B-B’. Također su određene 
vrijednosti gustoće različitih formacija. Pronađene geološke strukture jesu reversni rasjedi, pružni rasjedi i normalni 
rasjedi. Analizom su također identificirana dva sedimentna bazena, bazen Wonogiri i Pacitanski bazen, s prikazom 
Pacitanskoga podbazena u presjeku B-B’.

Ključne riječi: 
gravitacija, prva horizontalna derivacija, druga horizontalna derivacija, bazen, struktura
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