P | International Journal of Hydrological and Environmental for Sustainability

) Volume 3, Issue 2, 89-101.
ﬁ e_ISSN: 2828-5050
IJHES

https://www.journal.foundae.com/index.php/ijhes

3D Modeling of of Distribution Andesite and Breccia Rocks Using
Geoelectric Resistivity in Potential Areas of Minerals in Madiun Regency,

Indonesia
Rizqi Prastowo* Setyo Pambudi Al Hussein Flowers Rizqi
Department of Mining Engineering, Department of Geology Engineering, Department of Geology Engineering, Institut
Institut Teknologi Nasional Yogyakarta Institut Teknologi Nasional Yogyakarta Teknologi Nasional Yogyakarta
INDONESIA INDONESIA INDONESIA
Vico Luthfi [pmawan Dyah Arum Arimurti Berwyn Dzaky Radhitya
Department of Physics, Department of Physics Education, Department of Geosciences,
Institut Teknologi Sumatera, Jember University University of Tsukuba,
INDONESIA INDONESIA JAPAN

*Correspondence: E-mail: rizqi@itny.ac.id

Article Info Abstract

Article history: This research focuses on the distribution of andesite and breccia rocks in East
Java, Indonesia, specifically in Morang Village, Madiun Regency, through
geoelectric resistivity measurements. This study aims to enhance geoelectric
interpretation from 2D to 3D, providing high accuracy in target positioning for
potential building material resources. By employing a dipole-dipole
configuration with electrode spacing, the resistivity values of subsurface rocks
were analyzed to classify the types and distributions of building materials, such
as andesite and breccia. Data was collected through field measurements and
geological surveys, followed by inverse modeling using the least squares method.
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INTRODUCTION

The era of globalization especially the Industrial Revolution 4.0 has demanded various countries to
continue to develop the potential of natural resources (Mibei, 2014; Watlet et al., 2020). Indonesia is
one of the developing countries in the world that has abundant natural resources. But the natural
wealth cannot be explored properly and maximally . Various problems arise, due to exploration that
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are not balanced with rehabilitation. The impact of this exploration is very much felt by Indonesia,
even the world. One of the most important things in exploration is science in the field of geosciences
(Bronto et al., 2012; Khalil & Santos, 2011; Oskooi & Abedi, 2015).

The importance of the science of geoscience for developing countries is to be able to help
provide information about which areas have the potential manifestation of materials or building
materials (Thoreau & Prayer, 2000). As we know, various developing countries continue to increase
infrastructure development such as office buildings, roads, transportation, and so on. However, the
development project can run slowly, if not the availability of building materials, especially in
Indonesia (Saparun et al., 2022; Schuessler et al,, 2016).

One of the inhibiting factors of the Dinas Pekerjaan Umum (DPU) or Public Works Agency and
Tata Ruang Kota (TRK) or City Spatial Planning in Indonesia, especially in the city of Madiun, is that
the bridge infrastructure that connects the city of Madiun with the surrounding area has not been
integrated. This must be realized to fulfill Madiun's DPU and TRK vision, namely “Realizing the
Quality of Infrastructure Networks that Are Strong for Supporting the City of Madiun that is More
Advanced and Prosperous”.

Based on the vision of the Office of Public Works and Spatial Planning of the City of Madiun, the
realization of this problem is balanced with the availability of development materials to support the
implementation of the development. One important material is mountain rock (Muthamilselvan et
al,, 2019). Examples of mountain rocks are andesite, breccia, agglomerates, etc (Chen et al., 2020).
Stone mountain is one type of volcanic igneous rock that is widely used in the field of construction
such as building foundation raw materials, paving roads and making bridges (Tang et al,, 2021).
Economic assessment of mountain rock is also viewed from its reserve resources, so an exploration
method is needed that is able to reveal the presence of below-ground andesite rocks and their
dispersal patterns (Hartmann et al., 2024).

Exploration of natural resources that are not supported by good science, can damage the
ecosystem that is located in mining locations. The importance of initial observation without
damaging the surface of the mining area is very necessary to be studied. In the era of industrial
revolution 4.0, the development of science in the field of geosciences continued to be developed to
assist in mapping the mining area (Nugraha et al,, 2019). Not only that, the interpretation process is
very important to describe how rock formations in a region. This interpretation can be made in 2-
dimensional (2D) or 3-dimensional (3D) forms (Triani et al.,, 2021).

Geophysical exploration is one of the sciences in the field of geosciences. Geophysical
exploration can assist in the process of geological mapping, potential mining areas, knowing disaster-
prone areas, and so on (Czinder & Torok, 2021). One of the geophysical methods that can be used to
determine the potential area of a building material or material is the Geoelectric method (Gan et al.,
2017; Nurwidyanto & Yuliyanto, 2022; Saparun et al., 2022).

Geoelectric method is one of the geophysical methods that utilizes the electrical properties of
rocks, namely rock resistivity. Basically rocks are bad / resistive conductors of electricity, but rocks
have different properties and compositions which result in variations in resistivity values (Anthony,
2017; Muthamilselvan et al., 2019; Taira, 2001). Resistivity value is used to distinguish between one
type of rock and another. 3D Dimension (3D) modeling of rock resistivity using the Geoelectric
Method is expected to provide an overview of the pattern of mountain rock distribution (Chambers
etal., 2022).

Rock resistivity is the value of the electrical inhibition of a rock. The greater the resistivity value
of the rock, the smaller the current value that can flow in a conductor, and vice versa (Adejumo et al.,
2018; Alonso-Pandavenes et al., 2023; Listyani et al., 2023; Sujitapan et al.,, 2024; Xu & Wang, 2021).
The resistivity values of rocks vary, the formulates resistivity in Table 1 as follows:

Table 1. Material variations of the earth (rocks) (Nugraha et al., 2019)

No Name of rock Resistivity (m)
1 Air 0

2 Clay 1-100

3 Ground Water 0.5-300

4 0ld Breccia / Gravel 100 - 600

5 0ld Andesite / Dry Gravel 600 - 10.000
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Geoelectric is a method in geophysics that studies the nature of electricity in the earth and how
to detect it on the surface of the earth. This detection includes the measurement of potential
differences, currents, and electromagnetics that occur naturally or due to the injection of currents
into the earth (Muthamilselvan et al., 2019; Saparun et al., 2022). The geoelectric method can be used
properly if there is contrast resistivity between mediums. Contrast can be a relatively conductive
medium to a non-conductive medium, or there are differences in lithology (Muthamilselvan et al.,
2019).

The simple approach to obtaining type resistance for every rock beneath the earth's surface is
to assume that the earth is a isotropic homogeneous medium. If an electric current with a ] current is
flowed into the earth, then the current will spread in all directions with equal magnitude (Meju & Le,
2002). The current flow through an element of area A is written as:

I=]JA (5)
The relationship between current density and electric field E is expressed in Ohm's law:
1
J=—E (6)
Yo,

where, E = electric field (volt/meter) p = resistivity of medium (Q2m).

In isotropic homogeneous conditions, the potential at a point caused by the current flow is only
determined by distance r from the current source to the measurement point (Playa et al., 2010). In
this system the potential decreases throughout r, hence the magnitude of the electric field is written
as,

p=vy=-3 7)
dr
because A is the area of half the ball written as,
A =27nr? (8)
so,
I
= 9
J 52 (9)
then, based on equations (6), (7) and (9), their potential can be integrated as,
ol ¢ 1 Pl
AV =|dV =——|=dr="—. 10
J. Zﬂ‘[ r? 2ar (10)

The use of spherical area in this calculation is because for a homogeneous isotropic earth it
means that there is no other layer other than the boundary plane between soil and air
(Muthamilselvan et al., 2019; Nugraha et al.,, 2019). Air has zero type of delivery or infinite jemis
resistance, so the current will only flow into the earth (Ibrahim et al., 2019; Playa et al., 2010). Based
on equation (8), it appears that the surface of the equipment is in the form of a half-ball surface, while
the current flow line and electric field are radially directed (Figure 1).

':1 CE

Ecototentid field

Current flow

Figure 1. Current flow originating from a homogeneous isotropic source in the earth
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METHOD

This study aims to: 1. Develop geoelectric interpretation from 2D to 3D, with a very good level of
target positioning accuracy. 3D interpretation of resistivity of building materials in the area of
Morang Village, Kec. Kare, Kab. Madiun, East Java, Indonesia. 2. Provide information to the DPU, TRK,
and the government regarding the location of the area that has building materials as a form of
support for the development of the country's infrastructure.

This research method includes quantitative research, where the data used is measurement
data in the form of physical quantities, namely resistivity, electrical voltage, and electric current. Data
in the form of numbers are processed based on theory. The retrieval of this data from the literature
study in the form of geological information in the study area, and direct measurements in the field.
The measurement results in the form of resistivity data are then inversed by the inversion least
square method which then gets a cross section model, through this cross-sectional model then in
quantitative interpretation.

The location of this research is the area of Morang Village, Kec. Kare, Kab. Madiun, Indonesia.
In this study the configuration of the geoelectric method used is a dipole-dipole with both electrode
spaces as large, but the space between the current electrode and the potential electrode is made
larger and measured repeatedly. The stages of taking measurement data in the field are as follows
Figure 2. Plug the electrode on the ground surface with a spacing of 20 m, and operate a 380 m cable,
with the number n which is 10.

a. The cable is spread out as a current and potential that connects the electrode with a
resistivity meter.
b. After the four electrodes are connected with resistivity meter, the measurement is ready

c. Record electric current and voltage arising after the current is injected into the ground.
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Figure 2. Geoelectric Research Survey Design Map
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RESULTS AND DISCUSSION

Based on the results of the final mapping analysis (Dipole-dipole Configuration) conducted with
computer programs, and also with curve matching and supported by regional geological data from
the study area, the final depth results are correlated with the actual type of resistivity ("True
resistivity"). Based on the correlation between the data measured by resistivity and Table 1, the rocks
are divided into 2 types which have quite high resistivity as follows:
1. Andesite:The resistivity value is above 1300 Qm, consisting of quartz minerals which have
a high resistivity value than other lothologies around it.
2. Breccia:The resistivity value is 600-900 Qm, breccia rock with igneous fragments and
dominant sandstone matrix.

Based on the interpretation of the inverse results shown in Figure 3, the response obtained
resistivity value (electrical inhibitory) with a value of more than 1200 Qm which is shown in purple
in 2D display which is Andesite rock based on Table 1, resistivity value (electrical resistance) with
the value of 600-900 Om which is shown in orange to yellow in the cross section is Breccia lithology,
and the resistivity value below 500 Qm with green to blue is the distribution of the matrix that binds
between fragments is sedimentary rock(Biswas, 2018). On line 1, the breccia rock is quite large and
its presence is close to the surface. Whereas Andesite rocks are close enough from the surface that is
at + 20 meters depth. The area of Andesite rocks is quite large, starting from the point 200 meters to
280 meters from the starting point of the line.

line 1
Model resistivity with topography

Elevation yoation 5 RMS error = 26.9

440
430
420
4104
4001

240

3904
3804
3704
360

350

 (

N N . N D O O O O O D -
206 374 67.7 123 222 403 730 1322
Resistivity in ohm.m

Unit Electrode Spacing =20.0 m
Horizontal scale is 61.19 pixels per unit spacing
Vertical exaggeration in model section display = 0.90
First electrode is located at 0.0 m
Last electrode is located at 420.0 m

Figure 3. Resistivity model on line 1

In addition, the results of inversion shown in Figure 4, the response obtained resistivity value
(electrical inhibitory) with a value above 1000 Qm which is shown in purple in the cross section
where it is Andesite, resistivity value (electrical resistance) with a value of 600-800 800m shown in
orange to yellow in the cross section is Breccia. On line 2, Breccia rocks are located almost along the
measurement path, but their presence is far from the ground surface with an average depth of + 20-
50 meters. Whereas only a small amount of Andesite rocks can be seen in the results of interpretation
of line 2. It is suspected that Andesite rocks have a considerable depth on line 2 which is less than
250 meters.
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line 2

Model resistivity with topography
Elevation  lteration 5 RMS error = 30.0
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Vertical exaggeration in model section display = 0.90
First electrode is located at 0.0 m
Last electrode is located at 420.0 m.

Figure 4. Resistivity model on line 2

In Figure 5, resistivity values (electrical inhibitory) 40 - 607 m which are shown in blue to
purple are sedimentary or soil rocks. While Breccia is seen at resistivity = 600 pum. Breccia rock on
line 3, is in a deep position which is + 40 m from the surface. The depth of the Breksi rocks is thought
to be due to the geological conditions that have weathered rocks a lot, and also the presence of trees
so that sedimentation in the form of soil on Breccia rocks is quite thick. The high rainfall and the
intensity of the sun in Indonesia is one of the frequency factors of weathering that often occurs.

line 3

Model resistmvity with topography
Iteration 5 RMS error = 20.1

Elevation

3307 N N N B N T O . O ) O .
429 626 915 134 195 285 416 607
Resistivity in ohm.m
Unit Electrode Spacing = 20.0 m
Horizontal scale is 60 67 pixels per unit spacing
Vertical exaggeration in model section display = 0.93
First electrode is located at 0.0 m.
Last electrode is located at 420.0 m

Figure 5. Resistivity model on line 3

For line 4, which is shown in Figure 6, shows a considerable amount of breccia but has a
relative presence within + 30 m. Resistivity value (electrical inhibition) with a value of more than
600 Om indicated by orange to purple is the lithology of Breccia. Andesite rocks on line 4 are likely
to be far from the surface, so they are not seen in the results of the interpretation.

Based on the results of the inversion shown in Figure 7, the overall response obtained is
Breccia where the resistivity value (electrical inhibitory) with a value of more than 600 Qm is shown
in blue to purple. This breccia can be seen starting at a depth of about 20-80 m. The appearance of
this breccia is shown in red to purple and is at a distance of 240-320 m from the starting point of line
5. Whereas the red to bronze color which is separated from Breccia rocks is bolder from volcanic
results.
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line 4

Model resistivity with topography
Iteration 5 RMS error = 12.0
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Vertical exaggeration in model section display = 0.93
First electrode is located at 0.0 m
Last electrode is located at 420.0 m

Figure 6. Resistivity model on line 4

Based on the results of the inversion shown in Figure 7, the overall response obtained is
Breccia where the resistivity value (electrical inhibitory) with a value of more than 600 Qm is shown
in blue to purple. This breccia can be seen starting at a depth of about 20-80 m. The appearance of
this breccia is shown in red to purple and is at a distance of 240-320 m from the starting point of line
5. Whereas the red to bronze color which is separated from Breccia rocks is bolder from volcanic
results.

line 5

Model resistvity with topography

Iteration 5 RMS error = 45.9
Elevation

420 80.0
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Unit Electrode Spacing = 20.0 m.
Horizontal scale is 61.19 pixels per unit spacing
Vertical exaggeration in model section display = 0.96
First electrode is located at 0.0 m
Last electrode is located at 420.0 m

Figure 7. Resistivity model on line 5

Based on line 6 shown in Figure 8 is slightly different from the previous line, the overall response
obtained is the Aglomerate Unit or sedimentary rock where the resistivity value is 41-450 Qm
indicated by green to blue. While the resistivity value of more than 600 (m is Breccia, but the
appearance of the Breccia on this 6th path is relatively small, at a depth of about + 60m, it is suspected
that the presence of Breccia rocks leads to a deeper point.
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line 6

Model resistivity with topograpt
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430

420
410
400
390
380
370
360

B - —— - D . ) O ..
239 393 644 106 m 284 466 764
Resistmty in ohm.m
Unit Electrode Spacing = 20.0 m.
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Vertical exaggeration in model section display = 0.93
First electrode is located at 0.0 m.
Last electrode is located at 420.0 m

Figure 8. Resistivity model on line 6

Based on the results of inversion shown on Line 7 (Figure 9), the resistivity value (electrical
inhibitory) with a value above 1000 showed which is shown in purple in the cross section where is
an Andesite in the form of bolders, and there is no resistivity value 500-800 Om which is shown in
orange to yellow is breccia, and the resistivity value below 300 Qm is the distribution of the matrix
that binds between fragments namely sediment or soil. On this line 7, it is seen that there are very
few Andesite rocks or Breccia.

line 7

Model resistmvity with topography
Iteration 5 RMS error = 19.8

Elevation
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Vertical exaggeration in model section display = 0.93
First electrode is located at 0.0 m.
Last electrode is located at 420.0 m

Figure 9. Resistivity model on line 7

Based on the results of inversion shown in Figure 10, the resistivity value (electrical
inhibitory) with a value of more than 1000 Om indicated in purple is an Andesite rock. Andesite rocks
on line 8, have a fairly shallow presence which is around * 10 m. While the resistivity value (electrical
inhibitory) with a value of 600-900 Qm which is indicated by the young to old orange in the cross
section is Breccia lithology. In the 8-section andesite trajectory tends not to show continuity to a
deeper existence but only the spots, or it can be possible in the form of bolder volcanic results. While
the resistivity value below 300 Qm is the distribution of the matrix that binds between fragments in
the form of soil or the results of weathering of rocks.
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line 8
Model resistivity with topography

Elevation Iteration 5 RMS error = 27.0

460 80.0 160 240 20

e e ——— . I
430 > ~ N \

= | |
410

400

LB 8§ B Jusio joof Joojessy jooy § § Q1
300 496 819 135 223 369 610 1007
Resistivity in ohm.m

Unit Electrode Spacing =20.0 m
Horizontal scale is 60.67 pixels per unit spacing
Vertical exaggeration in model section display = 0.93
First electrode is located at 0.0 m.
Last electrode is located at 420.0 m

Figure 10. Resistivity model on line 8

Based on the results of the inversion shown in Figure 11, the response obtained by the
resistivity value (electrical inhibitory) with a value of more than 1000 Qm which is shown in purple
in the cross section where is an Andesite. Andesite rock on Line 9, has a very shallow existence with
a large enough area. While the resistivity value (electrical inhibitory) with a value of 600-900 Om
which is indicated by the young to old orange in the cross section is Breccia lithology. Thus andesite
is in the breccia fragment at a depth of about 10m and there are 3 blocks. There is 1 block that shows
the continuity of Andesite resources, which are shown at a depth of about 30m.

line 9

Model resistivity with topograpt
Elevation teration 5 RMS error = 40.1

440700
=

. . T O O . D O -
454 738 120 195 317 516 840 1366
Resistivity in ohm.m
Unit Electrode Spacing = 20.0 m.
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First electrode is located at 0.0 m.
Last electrode is located at 420.0 m

Figure 11. Resistivity model on line 9

Line 10 is the last trajectory in the study shown in Figure 12, the response obtained has a
resistivity value (electrical inhibitory) with a value above 1000 Qm indicated in purple on the cross
section where it is Andesite and shows a tendency towards continuity to a deeper depth, value
resistivity (electrical resistance) with a value of 600-900 Qm which is indicated by orange to yellow
in cross section is a Breccia in the form of a bloder bloder from volcanic results, and a resistivity value
below 350 Qm is the distribution of matrices that bind between fragments or soil of clay.

Based on the results of the interpretation of 10 geoelectric data in Figure 5-14. These results
are then correlated to get 3D results. These results are then made in the form of mapping maps. The
results of the dipole-dipole configuration geoelectric measurements, andesite 3D models shown in
Figure 13. Based on andesite 3D models tend to widen to the southeast - northwest and spots. In the
area of andesite spot, there tends to be 4 spots, namely at coordinates (578234.34, 9151220.80),
(578439.97,9150808.27), (578351.79, 9150730.73), (578454.72,9150652.18).
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line 10
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Figure 12. Resistivity model on line 10

In Figure 13, a 3D interpretation of Andesite rocks (purple) can be shown. The results of this
interpretation are based on a combination of 10 line. The trend or direction of the distribution of
Andesite rocks is most likely due to a basin that runs along the southeast - northwest. So, it can be
assumed that the lava or liquid magma that comes out of volcanic results, moves along the basin,
which then forms Andesite rocks. This basin is then covered by weathering of rocks above it and
forming sedimentary rocks for a long time.

Figure 13. 3D Andesite Resistivity Model

Figure 14 is a combination of measurement paths with 3D interpretation results. In this result,
we can predict continuity based on direction and also depth from Andesite rocks or Breccia rocks.
The results of this continuity prediction can later be used to estimate the shape of the geoelectric
path, if needed in estimating the presence of Andesite and Breccia rocks in other regions.
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Figure 14. 3D model of Andesite resistivity with a red dot is data position

CONCLUSION

Based on the results of processing and discussion in this study, it can be concluded that the
distribution of andesite resistivity values (> 1000 (m) through the cross section of the 3D resistivity
model tends to form a trend and extend to the southeast-northwest direction with a depth of about
10-15 meters, and Breccia (600-900 Om) tends to form trends and widen the measuring trajectory.
On the other hand, the distribution of andesite rocks and breccia is likely to occur due to the shape
of the basin in the trend (southeast-northwest) so that when the eruption occurs, the magma or lava
that flows follows the direction of the basin. In addition, the effectiveness of providing information
and education to the surrounding community is very good. Because the surrounding community can
find out where andesite rocks and breccia widen. So, in this study, the geoelectric application is very
helpful for the community in understanding that electricity is not only used for electronic devices but
also can be used as a detector for the presence of hybridized rock.
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