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ABSTRACT

This study aims to model subsurface structures based on resistivity values in the Jalibar area, Oro-Oro Ombo, Batu City, East
Java. The geoelectrical survey was conducted using the Schlumberger configuration of Vertical Electrical Sounding (VES).
Data interpretation was carried out with IPI2Win, RockWorks, and ProGRES software. The results identified three main
layers: the topsoil of weathered material or sandy clay with low to medium resistivity (10—100 Qm), an intermediate layer of
compact tuffaceous sand or sandstone with moderate to high resistivity (100-300 Qm) that potentially serves as an aquifer
zone, and a basement rock layer with very high resistivity (>1000 Qm), interpreted as fresh andesite or basalt. The consistency
across software indicates reliable subsurface modeling. This research confirms the effectiveness of geoelectrical methods in

delineating geological structures, supporting mineral exploration and groundwater studies in volcanic terrains.
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Introduction

The identification of subsurface structures is essential for
mineral exploration and groundwater studies, particularly in
volcanic terrains such as Batu City, East Java. Geoelectrical
methods are widely applied due to their efficiency in
determining resistivity distribution and interpreting
lithological variations. Previous studies emphasize the
effectiveness of resistivity methods in delineating aquifer
potential and detecting bedrock boundaries [3], [7], [9]. This
research focuses on subsurface modeling in Jalibar, Oro-Oro
Ombo, to provide geological insights and evaluate potential
resources using resistivity data.

Materials and Methods

The study area is located in Jalibar, Oro-Oro Ombo, Batu
City, East Java, within a volcanic terrain dominated by
Quaternary deposits. Electrical measurements at the research
site were conducted to identify subsurface lithological
variations based on the resistivity response of rocks to
electric currents. The data obtained was then processed using
2D/3D modeling software, resulting in resistivity cross-
sections that could be used for subsurface geological
interpretation.
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Figure 1. Regional accessibility map

The type of investigation used was Vertical Electrical
Sounding (VES), a method based on resistivity properties [6],
[8]. Resistivity is calculated from the electric current (I) and
potential difference (V) in the field. The greater the
resistivity of a material, the greater the electric field required
to generate a current density. The configuration used in this
practicum is the Schlumberger Configuration. In the
Schlumberger configuration, the MN distance must be made
as small as possible without changing the MN distance.
However, due to the instrument's limited sensitivity, the MN

Copyright©2025 by authors, all rights reserved. Authors agree that this article remains permanently open access under the

terms of the Creative Commons Attribution License 4.0 International License

| 27


mailto:1harsalim@polinema.ac.id
mailto:4diahcipka@gmail.com

Harsalim et al.
Journal PROKONS 19(2)
1978-1784 (2025)

distance must be adjusted if the AB distance is relatively
large. The change in MN distance must not exceed 1/5 of the
AB distance. To process the data from this configuration,
IPI2WIN, Rockworks, and ProGRES software are used.

Results
In this study, three research coordinate points were taken in
accordance with the number of geophysical testing routes
conducted. The following are the coordinate data for each
point:

Point 1: 7° 53'57.38" S 112° 31’ 8.18"E

Point 2: 7° 53' 56.976' S 112° 31° 8.706" E

Point 3: 7° 56' 20.23" S 112° 31” 52.44"E
The resistivity depth data is then used to indirectly interpret
the conditions beneath the ground surface, enabling the
identification of the physical properties of rock layers, the
determination of the depth and thickness of each layer, and
the mapping of geological structures such as groundwater
aquifers, cavities, faults, and mineralization zones [5], [10].
This information is crucial in natural resource exploration
activities, geotechnical investigations, and environmental
studies, as it allows for an initial understanding of geological
characteristics without the need for direct drilling. Resistivity
and depth data for each survey line can be shown in Tables I,
11, and II1.

The Geology of the study area, based on the geological map,
the main lithology in this area is marked in pink, representing
young volcanic deposits in the form of lava, volcanic breccia,
and tuff. This unit is the result of volcanic activity that
produced relatively porous and permeable material, making
it a potential shallow aquifer in its weathering zone.

Table 1. Resistivity data at point 1

mis %2 ng;z K |I(ma) [V (mv) PS@V)| r(©*m) | dev.st
1 |15 | 05 | 62 | 647 |5128 |5215 | 498

2 [ 25 | 05 [188 [ 1785 [4222 [3262 | 445

3 [ 4 05 [494 [2313 [2056 | 26 439

4 | s 05 [1123 [ 1874 [ 823 [2341 | 493

s | 8 05 2002 | 1745 | 499 [2105 | 572 02
6 | 10 | 05 3133 | 16.1 34 1938 | 661 03
7 |12 | 05 [4516 | 1808 3 1753 | 749 11
8 | 15 | 05 | 706 | 2188 | 277 | 1655 | 894

9 | 15 5 |628 [ 2209 | 2869 |9257 | 816

10 | 20 5 [1178 [ 1824 [ 1613 |-83.34 | 1041 1
1 | 25 5 [1885 [ 1037 | 681 [-7805 | 1237 22
12 | 30 5 [2748 [ 261 [ 1299 [-7494 | 1368 14
13 | 40 5 [4948 [ 1962 [ 704 [-7156 | 1775 93
14 | 50 5 [7775 [ 214 | 553 [-6836 | 2009 17
15 | 60 5 2311346 | 301 [ 621 | 2509 199
16 | 60 10 [5497 [ 1415 | 694 |-7518 | 2698 78
17 | 75 10 [8678 | 1507 [ 573 |-1897 [ 3301 125

Table 2. Resistivity data at point 2

AB/2| MN/2 PS r

mis (m) | (m) K |(I(mA) |V (mV) (mV) (0*m) dev. st.

1 1.5 | 05 | 62 |1292 |10405 |-89.77 | 505 0.1

2 |25 | 05 |188 | 1696 | 3553 | -7L.6 39.5 0.3

3 4 0.5 | 494 | 1579 | 1268 |-66.87 | 39.7 0.4

4 6 05 [1123 | 1586 | 644 | -63.9 45.5 0.9

5 0.5 [2002 | 16.51 46 | -56.63 55.8 0.4

6 10 0.5 [3133 | 31.57 | 669 |-50.18 | 663 0

7 12 0.5 |451.6 | 12.63 | 2.17 |-47.67 | 717 0.6

8 15 05 | 706 | 1417 | 196 |-42.79 | 97.7 0.1

9 15 5 62.8 | 14.89 | 1839 |-8444 | 775 0.3

10 | 20 5 |117.8 | 1345 | 1167 |-7476 | 102.1 0.4

11 | 25 5 |1885 | 13.6 | 11.58 |-74.99 | 160.5 1.1
12 | 30 5 |2748 | 853 404 |-67.82 | 130.3 1.3

13 | 40 5 |494.8 | 31.82 | 11.53 |-64.03 | 179.3 0.3

14 | 50 5 7775 | 239 657 |-57.58 | 213.8 8

15 | 60 5 11231 ] 34 8.02 |-5247 265 6.5
16 | 60 10 [540.7 | 33.95 | 1672 | 69.16 | 270.7 3.5

17 | 75 10 [867.8 | 2562 | 9.37 32.1 317.4 7.9

Table 3. Resistivity data at point 3
AB/2 | MN/2 r

mis | (m) | @) | K [I@Aa) |V@v) PS@V) o0 d::'
1 1.5 0.5 6.2 26.38 | 203.31 11.11 484 |02
2 | 25 | 05 |188 | 4663 |11432 | 941 | 462

3 0.5 494 223 20.13 9.06 44.6

4 6 0.5 1123 | 18.73 7 7.11 419

5 1 8 |05 20023393 | 875 | 666 | 516

6 10 0.5 313.3 | 31.51 6.11 6.46 60.7

7 12 | 05 |451.6 | 24.86 | 3.89 6.14 | 707 |03
8 |15 |05 |706 | 1849 | 231 | 574 |882 |19
9 15 5 62.8 18.15 23.54 42.46 81.5 0
10 | 20 5 |117.8 | 22.89 | 21.81 | 2973 |1122

11 25 5 188.5 | 25.62 18.93 2903 1393 0
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Figure 2. Local geological map

Discussion

The observation points in this study are marked as Point
Location 1, Point Location 2, and Point Location 3, which
are the points for collecting coordinate data and/or field
samples. Based on the map, the elevation in the study area
ranges from £1111 meters to +1144 meters above sea level.
This elevation difference indicates morphological variations
that may affect local geological and hydrological
characteristics.
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Figure 3. Topographic map

Electrical resistivity sampling at the research site in the
Jalibar — Malang Rest Area was conducted to identify
subsurface lithological variations based on the resistivity
response of rocks to electrical current. The data obtained was
then processed using 2D modeling software, resulting in
resistivity cross-sections that can be used for subsurface
geological interpretation.

The type of investigation used was Vertical Electrical
Sounding (VES), a method based on resistivity properties [6],
[8]. Resistivity is calculated from the electric current (I) and
potential difference (V) in the field. The higher the resistivity
of'a material, the greater the electric field required to generate
a current density. The configuration used in this practicum is
the Schlumberger configuration. To process this
configuration data, IPI2WIN and Progress software are used.
Ideally, in the Schlumberger configuration, the MN distance
should be kept as small as possible without altering the MN
distance. However, due to the limited sensitivity of the
instrument, the MN distance must be adjusted if the AB
distance is relatively large. The change in the MN distance
must not exceed 1/5 of the AB distance.

The following are some interpretation results using
supporting software such as IPI2win, Rockwork, and
Progress. :

Interpretation of IPI2WIN

IPI2Win is one of the software programs used in the
interpretation of resistivity geophysical data, particularly the
Vertical Electrical Sounding (VES) or Schlumberger method.
The results of the interpretation using IPI2WIN software can
be seen in Figure 4.

The interpretation of the resistivity cross-section shows that
the aquifer potential is at a depth of £10-25 m, bounded by
sandy clay layers above and hard bedrock below. This
information is important in planning well drilling for
groundwater utilization, considering the optimal depth and
avoiding penetration into unproductive bedrock layers.

Pseudo cross section

b(Qm)

Resistivity cross section

0 2 4 6 14 16 18 20 23
Dictance-km

Figure 4. [PI2WIN interpretation results

Interpretation of RockWorks
The following are the results of interpretation
RockWorks software:

Top

using

Lithology
Standoste

Liithology

Base
Figure 5. RockWorks interpretation results

Modeling of section A—A’ using RockWorks software shows
three main lithological segments. The top layer, colored
green, is interpreted as thin weathered soil (+x1-3 m) with
uneven distribution. The middle layer, colored brown, is
compacted sedimentary rock (sandstone or dense clay) that
is widely distributed laterally as a transition zone. The
deepest layer, colored pink, represents hard bedrock (igneous
or metamorphic), with a sharp lithological boundary against
the overlying layers. This lithological distribution is
important for evaluating the potential of resources and the
geotechnical stability of the study site [1], [4].

Interpretation of ProGRES
The following are the results of the interpretation in the
research area:

Based on the results of Schlumberger geophysical data
processing at point L1, six subsurface layers were obtained
with varying resistivity values that indicate lithological
differences. The first layer has a moderate resistivity value
(54.87 Qm), interpreted as moderately moist topsoil. The
second and third layers show relatively low resistivity
(34.30-33.36 Qm), indicating the presence of sandy clay or
water-saturated silt. The fourth layer has higher resistivity
(186.01 Qm), likely representing dense sandstone. The fifth
layer shows high resistivity (682.26 Qm), interpreted as
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bedrock composed of hard sediment. The sixth layer has
extremely high resistivity (77,146.82 Qm), indicating the
presence of compact igneous or metamorphic rock with very
high resistivity.
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Figure 6. Interpretation results for track 1

Geophysical measurements using the Schlumberger
configuration at point L2 resulted in an interpretation of the
subsurface model consisting of five main layers. The Root
Mean Square (RMS) error obtained was 7.287%, indicating
a fairly good match between the measured data and the
inversion model.

The first layer has a resistivity of 53.70 Qm with a thickness
of approximately 1.52 meters, possibly representing a
relatively dry topsoil layer. The second layer has a low
resistivity of 6.96 Qm with a depth of up to 3.48 meters,
indicating the presence of water-saturated clay material. The
third layer has a resistivity of 3.86 Qm, reinforcing the
indication of a water-saturated zone or a denser clay layer.
The fourth layer shows a high resistivity of 598.76 Qm at a
depth of approximately 33.49 meters, which may indicate
hard rock or igneous rock formations. The fifth layer has a
very high resistivity of 16,630.41 Qm at a depth of more than
35 meters, which is potentially bedrock.
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Figure 7. Interpretation results for track 2
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Figure 8. Interpretation results for track 3
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The geoelectric measurement using the Schlumberger
configuration at point L3 shows six rock layers with varying
resistivity and depth values. Layers one through three have
low to moderate resistivity, indicating clay or water-saturated
weathered soil. Layer four has very high resistivity
(23008.17 Qm), which may indicate the presence of very
hard rock or a dry layer. The fifth layer shows moderate
resistivity (163.90 Qm), while the sixth layer has relatively
high resistivity (248.51 Qm), which could potentially be a
compact rock layer or aquifer zone.

Based on the integration of three interpretation software
programs (IPI2Win, ProGRES, and RockWorks), it was
found that the subsurface configuration of the research
location consisted of three main layers, including :

1.  Top Layer (Overburden /Weathering):

The top layer consists of cover soil and weathering material
with low resistivity (10-100 Qm) and needs to be well
understood for field planning and risk mitigation in mining
exploration. This layer functions as a natural cover or filter
that influences measurement techniques and advanced
exploration methods, and is a significant factor in
determining drilling access points and environmental
protection.

2. Middle Layer (Potential Aquifer Layer):

The middle layer, which has medium to high resistivity (100—
300 Qm) and is interpreted as tuffaceous sand, gravelly sand,
or dense sandstone, is more commonly associated with
aquifer potential in a hydrogeological context but is also
important in mining exploration. This layer can be a
transition zone that influences fluid mobility, facilitates
secondary mineral deposition, or acts as a carrier for certain
minerals associated with denser sedimentary rocks.

3. The bedrock layer (bedrock) is a hard and compact rock
layer with very high resistivity (>1000 Qm) identified as
igneous or metamorphic rocks such as andesite or basalt,
which is an important target in hard rock mining exploration
or mineralization zone deduction. The presence of this
massive, low-porosity bedrock indicates stable geological
conditions and may serve as an indicator of potential
intrusions or mineralization zones at lithological boundaries
or faults.

The conclusions from the interpretation of subsurface layers
based on the IPI2Win, RockWorks, and ProGRES software,
which were adapted for mining exploration activities, can be
seen in the following table :

Table 4. The results of the interpretation

PP P Relevance for Mining
Layer Depth Resistivity (2m) Material Type Exploration
Passive loam or weathered tuff with high I rtant for planni £
10-100 (IPI2Win), | water saturation. May also be overburden with | . mportant for planning suriace
Surface Layer N . infrastructure, slope stability and potential
X 54 87 (ProGRES L1), moderate moisture or relatively dry. In s
/ Overburden 0-+10m 3 . ) LT backfill material. Water-saturated conditions
53.70 (ProGRES L2), RockWorks interpretation, interpreted as can affect mining methods and require water
50.14 (ProGRES L3) weathering material or overburden. & - q
management.
Tuffaceous sand or gravelly sand with high Potential wat i -
i 100-300 (IPI2Win), | porosity, potentially a productive aquifer. Also otentia water source for mining.
Aquifer/Sedimen 5 operations. If above the deposit, requires
3 186.01 (ProGRES interpreted as compacted sandstone or -
tary Material | £10-25m . . careful dewatering to avoid stability and
Zone L1), 163.90 compacted sedimentary rock (possibly minine efficiency issues
(ProGRES L3) sandstone or compacted clay). e ¥ 1S5UES.
>1000 (IPI2Win),
682.26 (ProGRES It is often the host rock for mineral deposits.
L1), 16630.41 Compact bedrock. possibly ieneous rocks Identification of the type of bedrock is
(ProGRES L2), hp fresh pl N }h‘g ; it i essential for determining the potential for
Bedrock >25m 23008.17 (ProGRES bsuc“ 3;1 rers Inrgﬁehaus)md}c anl esite ork mineralization and planning appropriate
L3), 24851 asall. May also be hard sedimentary rock. mining methods (e.g., blasting). Being the
(ProGRES L3), limit of economic mining depth.
77146.82 (ProGRES
L1)
.
Conclusion
Based on the results of Schlumberger geophysical volcanic terrains [2], [6], [8], and consistency, indicating

measurements in the Jalibar Batu area, Oro-Oro Ombo, Batu
City, a subsurface structure model consisting of three main
layers was obtained. The first layer consists of weathered
soil/sandy clay with low to moderate resistivity, the second
layer consists of tuffaceous sand or dense sandstone with
moderate to high resistivity that has the potential to be an
aquifer, and the third layer consists of compact bedrock with
very high resistivity. The results of interpretation using the
IPI2Win, RockWorks, and ProGRES software showed
consistency, which is in line with previous works in similar

that the subsurface model obtained is valid and can be used
as a basis for further exploration.
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