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Preface

Jurnal Geocelebes managed by the Department of Geophysics, Faculty of Mathematics and
Natural Sciences, Hasanuddin University Makassar has entered its eighth year. The Editorial
Board expresses gratitude to God Almighty for this achievement and expresses gratitude for
the commitment of the Editorial Board, in carrying out this mandate. In particular, the
Editorial Board expresses its gratitude and highest appreciation to all authors who have
submitted their scientific works and to the Reviewers who have been willing to take the time
to provide constructive suggestions and corrections to each article in each issue of the Jurnal

Geocelebes.

In the edition of Volume 8 Number 2 October 2024 there are six articles. The articles
published generally discuss the implementation of the role of geosciences, especially
geophysics in natural resource exploration and other fields that are in accordance with the
focus and scope of the field published by the Jurnal Geocelebes. The language used in this
volume and in the future is English, which shows that Jurnal Geocelebes deserves to be an
international journal in the future. Jurnal Geocelebes welcomes participation from
academics, researchers, industry practitioners, students, and others in the field of
geosciences in both theoretical and application perspectives, both related to the subsurface
(lithosphere) and above the surface (atmosphere), which of course will go through a series

of processes namely submitting, editing, and reviewing.

The Editorial Board of Jurnal Geocelebes is open to suggestions and constructive criticism
for future improvements. All suggestions and criticisms can be sent via email

geocelebes@sci.unhas.ac.id

Makassar, October 2024

The Editorial Board of Jurnal Geocelebes

Vi
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Abstract

The rock lithology of the potential hydrothermal area has been studied using Electrical Resistivity
Tomography (ERT) in Pungguk Pedaro Village, Bingin Kuning District, Lebong Regency. Field data
acquisition uses a stretch length of 480 meter with the MAE X612-EM Geoelectric tool that forms a
straight line. ERT method, using Res2dinvx64 software. The study aims to determine the subsurface
conditions of the potential hydrothermal area and the characteristics of the rocks that make up the
hydrothermal area. The results of this study can be concluded that Pungguk Pedaro Village is
dominated by clay, sandstone, sandy gravel, andesite, basalt, and granite rocks. In this study,
measurements were taken with six lines to see variations in resistivity values as a reference for
identifying potential geothermal lithologies. There is 1 line that cuts to five lines to validate the
resistivity value of each line. Line 1 has no potential for hydrothermal distribution because there has
been a mixture of hydrothermal water with mountain water, so this line will only provide
groundwater.

Keywords: ERT; Hydrothermal; Lebong Regency; Lithology; Wenner.

Citation: Raihana, H., Suhendra, S., Nazli, K., Halauddin, H., & Refrizon, R. (2024). Identification Lithology
of Geothermal Potential Areas Using the Electrical Resistivity Tomography (ERT) Method. Jurnal Geocelebes,
8(2):123-131, doi: 10.20956/geocelebes.v8i2.25377

Introduction This situation is closely related to

Indonesia's geological position at the
Geothermal energy is energy generated by meeting zone of three major world plates:
the penetration of high-temperature water the Indo-Australian, Eurasian, and Pacific
confined to the earth's surface at high plates, which are responsible for forming
temperatures for a long time. Geothermal volcanoes in Indonesia (Chaidir et al.,
energy is closely related to geothermal 2021).

systems (Afandi et al., 2013).
The potential geothermal energy in

Indonesia is one of the countries with great Indonesia is abundant. This is inseparable
potential for geothermal resources. The from the geography of Indonesia, which is
government is developing this enormous located on the Pacific Rim. This energy
potential to meet the country's energy spreads over Sumatra, Java, Bali, Flores,
needs. Based on the latest survey data North Sulawesi, and Maluku with 312
from the geology, at the end of 2009, potential points. With a resource wealth
Indonesia had 265 geothermal sites that reaches 40% of the world's resources,
resulting from volcanic and non-volcanic Indonesia has the most extensive
processes. geothermal potential in the world, with a

potential of more than 23.9 gigawatts

© 2024 Dept. of Geophysics Hasanuddin University
123


http://journal.unhas.ac.id/index.php/geocelebes
mailto:suhendra@unib.ac.id

Identification Lithology of Geothermal Potential Areas Using ...

(GW) or 29 Gwe (Nurwahyudin &
Harmoko, 2020).

Barrett (2013) define geothermal resources
as the earth's stored heat that can be used
in the future for power generation or other
suitable  industrial, agricultural, or
domestic uses. Inadequate geological
conditions can make geothermal energy
expansion uneconomical in many places.
The existence of geothermal potential is
indicated by manifestations, such as hot
springs, fumaroles, and altered rocks,
caused by tectonic activity that causes
faulting and allows fracture zones to exist
(Tarmidzi & Setyawan, 2014).

The geothermal system includes a water
system, a heating process, and system
conditions under which water is heated
(Basid et al., 2014). Geothermal systems
include the water system, the heating
process, and the conditions under which
the heated water is collected. So, the
geothermal system has requirements such
as the availability of water, heating rock,
nest rock, and cover rock (Vargemezis,
2014).

Water generally comes from rainwater or
meteoric water. Hot rocks will serve as a
source of hot water, which can be granite
masses or other forms of batholith
(Karaman, 2013). The heat generated by
active fault movement is also sometimes
used as a heat source, such as hot springs
along active fault lines (Hidayat et al.,
2021).

The potential geothermal areas are at
Bengkulu Province, Bingin Kuning
district, Lebong Regency, and Pungguk
Pedaro village. The existence of
geothermal energy is subject to secondary
permeability in the form of annual faults.
These faults direct hot fluids from the
reservoir to the surface through hot
springs, rock formations, and fumaroles
(Abdillah & Malik, 2021). The rock
geology of the region consists of granite,

© 2024 Dept. of Geophysics Hasanuddin University
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andesite, and basalt. The hydrothermal
zone of Toyokuni Pedaro hot springs is
also closely related to magmatic activity in
the Barisan Hills (Raihana et al., 2023).

Previous research on geothermal in
Lebong regency has been conducted by
Fathan (2013) and Gafoer & Amin (2007).
The results were obtained in the form of
most of the fluid sourced from reservoirs,
and some have experienced interaction
with sedimentary rocks. This study aims to
determine the lithology of potential
geothermal areas in Lebong Regency that
are thought to originate from Bukit Daun.
Therefore, further research needs to be
done to look if the lithology of this
potential geothermal area has the potential
for geothermal exploration so that it can be
exploited in Pungguk Pedaro village,
Bingin Kuning District, Lebong Regency,
Bengkulu Province.

In geothermal reservoirs, lithology is very
important to consider as it allows us to
identify zones with geothermal potential
(Erwin, 2016)).

Electrical Resistivity Tomography (ERT)
is one of the most effective geophysical
methods to map subsurface conditions and
determine the lithology of the study area .
This method aims to study the variation of
rock resistivity under the earth's surface,
both vertically and horizontally (Pitulima
& Siregar, 2016). This method produces a
two-dimensional profile of the resistivity
pattern in the subsurface and describes the
vertical and horizontal (2-D) variations in
the layered structure of the subsurface
resistivity (Railasha et al., 2015).

Regional Geology

The study area is structurally located in the
forearc basin of the Bengkulu Basin.
Neogene sediments were influenced by the
tectonic evolution of the bay (Yulihanto,
1995). Sapiie et al. (2015) argues that
Bengkulu Basin sedimentation is also
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influenced by the activity of right-lateral
strike-slip  fault systems called the
Mentawai Fault Zone (MFZ) and the
Sumatra Fault Zone (SFZ). Therefore,
fault activity is believed to influence
basins' formation and sedimentary

processes in basins. In the late Oligocene,
the Hulusimpang Formation (Tomh) was
deposited by Eocene to early Oligocene
volcanic facies.
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The study site is geographically located at
the latitude and longitude coordinates
(3°10'41.19" LS and 102° 17'4.98" BT).
This study uses an MAE X612-EM
geoelectric tool in Punguk Pedaro Village,
Bingin Kuning District, Lebong Province
field data collection Pungguk Pedaro with
a line length of 480 meters. The
measurement line takes the form of a line
or a straight line by adjusting the
conditions of the measurement area Pedaro
Village, Bingin  Kuning  District.
Therefore, there is 1 line that cuts five
lines to validate the value of each line. The
results of field measurements are in the
form of 2D models, which are processed
with Res2DlInv.

Results and Discussion

Table 1. Resistivity value of the rock (Telford &
Geldart, 1931).

Material Resistivity (2m)
Air ~
Pyrite 0.01-100
Quartz 500-800000
Calcite 1x10-12-10%
Rock salt 30 -10%
Granite 200 — 10000
Andesite 1.7x10? — 45x10*
Basalt 200 — 1000000
Limestone 500 — 10000
Sandstone 200 — 8000
Shales 20 —2000
Sand 1-1000
Clay 1-100
Ground water 0.5-300
Sea water 0.2
Magnetite 0.01 — 1000
Dry Gravel 600 — 10000
Alluvium 10— 800
Gravel 100 — 600
Electric charge cross sections were
obtained from processing resistivity

geoelectric data (Pratama & Rustadi,
2019) from the field using Res2Dinvx64
software. The Wenner - beta configuration
resistivity geoelectric method accepts a
subsurface cross-section in 2 dimensions:
the resistivity cross-section (Amir et al.,
2017). Interpretation of 2D geoelectric
data uses the table of resistivity values by
Telford & Geldart (1931) (Table 1) and
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adjusts to the geological conditions of the
data collection location.

Table 2. Interpretation in each line site.

Site Resistivity (2m) Lithology
3.71 Groundwater
7.98 Groundwater
17.2 Silty Sand
Line 1 37.0 Clay
79.6 Sandstone
171 Sandy Gravel
369 Andesite
2.14 Hydrothermal
5.36 Groundwater
13.4 Tuff
Line 2 335 Clay
83.7 Sandstone
209 Basalt
523 Andesite
1.06 Hydrothermal
3.01 Hydrothermal
8.50 Groundwater
24.0 Clay
Line 3 67.9 Sandstone
192 Sandy Gravel
542 Andesite
1532 Volcanic
Breccia
1.42 Hydrothermal
3.63 Hydrothermal
9.25 Groundwater
. 23.6 Clay
Line 4 60.1 Sandstone
153 Sandy Gravel
390 Andesite
994 Granite
1.97 Hydrothermal
4.86 Hydrothermal
12.0 Groundwater
. 29.6 Clay
Line 5 73.0 Sandstone
180 Sandy Gravel
444 Andesite
1097 Granite
0.693 Hydrothermal
1.70 Hydrothermal
4.53 Groundwater
Line 6 12.1 Groundwater
32.3 Clay
86.1 Silt-Clay
230 Andesite
613 Granite

The source of geothermal energy is
magma all over the earth. Magma transfers
heat to surrounding rocks (Erwin, 2016).
This heat also causes hot water convection
within the pores of stones and rocks. This
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hot water then moves upwards but is
blocked by rock formations and does not
reach the surface (Putriutami et al., 2014).
This is because impermeable rock layers
surround the character. Impermeable
layers separate the hydrothermal and
groundwater within the geothermal
reservoir  (Widiatmoko, 2019). The
reservoir is isolated from shallow

groundwater. So far, however, it is still
determined

being whether that
Elev.
520.04
W10.04
K000
390.049 7
380.04
370.0
360.0
350.0
Ju0.0

Resistivity in ohn.n

hydrothermal fluid is from bedrock heating
(in the form of magma) below the source
point or simply hydrothermal flows from
other regions (Suciningtyas et al., 2013). A
fissure in the rock through which the hot
water flows allows hot water from another
area to emerge on the surface. The 2-
Dimensional resistivity model can also
display topographic data (Riputra &
Malik, 2021).

Figure 3. Data processing results of line 1 with topography.

Elev.
520.0
410.010.
400.0
390.0
380.0
a70.0
360.0
350.0
3u0.0

.36 13.4 33.5 83.7
Resistivity in ohn.n

209

I [ [T [ O . O ] O O ...
h S 523

Figure 4. Data processing results of line 2 with topography.
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h60.0

uuo. 04

4200

400.0

380. 0

360.0

24.0 67.9 192
Resistivity in ohm.n

542 1532

N N N . N T N O N O ) [ O . .-
1.06 3 8.50

Figure 5. Data processing results of line 3 with topography.

This research was conducted in an area
that has hydrothermal potential. This area

has a significant perspective for
geothermal exploration. This condition
requires research to see this area's

© 2024 Dept. of Geophysics Hasanuddin University
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lithology and geothermal distribution. The
results of this research are used as
reference  material for  geothermal
exploration, which is then exploited for the
benefit of the community and government.
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Figure 6. Data processing results of line 4 with topography.
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Figure 7. Data processing results of line 5 with topography.
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Figure 8. Data processing results of line 6 with topography.

The measurement results in each line with
the potential for hydrothermal has a small
resistivity value, one of which can be seen
in Figure 7. The rock structures
dominating this potential hydrothermal
area are clay, sandstone, sandy gravel,
andesite, basalt, and granite (Telford &
Geldart, 1931). This rock type is an
andesite-basalt volcanic rock unit, with the
formation dominating the Hulusimpang
formation. This rock type has low
porosity, thermal conductivity, and high
permeability (Adli, 2021). After surveying
the research site, information was obtained
that the hydrothermal potential is in lines
2, line 3, line 4, line 5, and line 6, which
have small resistivity values.

In contrast, in line 1 (Figure 3), there is no
visible hydrothermal potential because this
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line is a rice field area. Although it has a
small resistivity value, it is groundwater.
Line 1 is dominated by silty sand
lithology. Although the water in this area
is warm, it is water flowing from the hill
that has  appeared hydrothermal
manifestations. The results of each 2D
lithology on line 1 (Figure 3), line 2
(Figure 4), line 3 (Figure 5), line 4 (Figure
6), line 5 (Figure 7), and line 6 (Figure 8)
are dominated by andesite rocks which are
thought to be medium-composition
extrusive volcanic rocks with aphanitic to
porphyritic  textures.  Another factor
causing hydrothermal is that this area is
influenced by the presence of secondary
permeability in the form of the Ketahun
fault. This Ketahun fault controls the hot
fluid in the reservoir to flow to the surface
in the form of hot springs, rock alteration,
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and fumaroles that appear and are also
closely related to the magmatic activity in
the Bukit Barisan range (Raihana et al.,
2023). On line 6 (Figure 8), it made cuts
between lines to validate the data of other
lines to be more accurate. Line 6 is taken
from the bottom of the hill to the top of the
slope of the research area to get maximum
results. Line 6 has a significant height
because line 6 is a cut between hills,
between which there are five other lines to
validate different resistivity values.

Conclusion

The rock lithology of the hydrothermal
area in Pungguk Pedaro Village, Bingin
Kuning District, Lebong Regency, using
the Electrical Resistivity Tomography
(ERT) method, shows that the rock layer
structure is an andesite-basalt volcanic
rock unit with the Hulusimpang formation.
Each line in the study area has an even
distribution of hydrothermal potential and
similar rock types. Still, those that appear
to have considerable potential are seen in
several lines. Line 1 has no potential for
hydrothermal water with mountain water,
so only groundwater is obtained.
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Abstract

Lemeu Village, Lebong Regency, borders the Bukit Barisan Mountain range and is crossed by the
Ketaun Fault, which causes a high level of seismic activity, so it is necessary to conduct research on the
potential existence of the Ketaun sub-fault as one of the efforts to mitigate natural disasters such as
earthquakes. The Magnetotelluric method utilises the earth's natural electromagnetic field, which is
used to determine the distribution of resistivity in the subsurface using the ADU-07e Magnetotelluric
tool with two horizontal electrical sensors (Ex, Ey) and three horizontal (Hx, Hy) and vertical (Hz)
magnetic sensors and uses seven research points with an interval of 1 km. Data processing uses
MAPROS software to convert data from the time domain to the frequency domain and ZONDMT2D
to obtain subsurface resistivity values. The results obtained from this study are 2D magnetotelluric cross
sections showing a zone with low resistivity values between research points P4 and P5 which is thought
to be a new fault zone with resistivity values ranging from 1.3 — 6.1 Qm from a depth of 2.5 km to a
depth of 10 km. The zone is assumed to be a new fault that is a branch of the Ketaun fault.

Keywords: Fault; Lebong; Magnetotelluric; Resistivity.
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Introduction usually form paths or lines, but they can
also form fault planes or single fractures
Bengkulu Province is one of the provinces (Supartoyo et al., 2019).
on the island of Sumatra that the Bukit
Barisan crosses. According to Geology, Faults are divided into normal fault, reverse
Bukit Barisan was formed due to the fault, strike-slip fault. Based on the activity
subduction pressure of the Indo-Australian level, faults are classified into active and
Tectonic Plate that penetrates under the inactive faults (Firdaus et al., 2016). One
Eurasian Tectonic Plate and moves at a of the active faults in Indonesia is the
velocity of 50-70 mm/year (Mulyati et al., Sumatra fault. The Sumatra fault cuts
2020). This causes Bengkulu Province to through the Bukit Barisan mountain range
have a high level of seismic activity due along 1,900 km, starting from the Sunda
to the plate movement (Hadi & Strait to the Aceh region and the Andaman
Brotopuspito, 2016). Sea (Lubis et al., 2019). The Sumatra fault
was formed as a result of subduction
Another result of the plate movement is that between the Indo-Australian and Eurasian
Indonesia is divided into many regions plate (Arisbaya et al., 2016).

bounded by many active fault lines.
Fractures in rocks that experience
movement are referred to as faults. Faults

© 2024 Dept. of Geophysics Hasanuddin University
132


http://journal.unhas.ac.id/index.php/geocelebes

Rahmawati et al. / Jurnal Geocelebes Vol. 8 No. 2, October 2024, 132 — 141

The Sumatra fault is divided into several
segments with varying segment lengths
ranging from 60 km to up to 200 km
(Natawidjaja, 2018). This makes Sumatra a
lot of active faults. One of the active faults
in Sumatra is the Ketaun fault. The Ketaun
fault stretches from Ketaun, Lebong, Tes to
Muaraaman along 85 km and 20 km wide.
It has a northwest-to-southeast orientation
direction and  upward  movement
characteristics (Sieh & Natawidjaja, 2000).

Faults cause earthquakes that affect local
tectonic geological conditions (Muflihah,
2014). One of the tectonic hazards is the
people who live on the island of Sumatra,
especially the  Bengkulu  Province,
especially the North Bengkulu and Lebong
Regencies, which are crossed by the Ketaun
Segment Sumatra fault (Ardiansyah, 2018).

Lemeu Village in Lebong Regency is
directly adjacent to the Bukit Barisan
Mountains. These mountains are at
the epicenter of active faults and are in an
earthquake-prone zone (Bahri et al., 2022).
In 1943, a large earthquake with a
magnitude of M=7.4 occurred on the
Ketaun segment and caused considerable
damage to the Tes District to Muara Aman
District. Another earthquake occurred in
1952 with M=6.8 (Syaputra et al., 2023).
When viewed from the location of the main
segment, the Ketaun segment, it is a land
fault that has potential to damage in the
event of a natural disaster earthquake even
though the magnitude is not too large, the
depth is shallow and close to settlements
and community activities (Rais, 2021). So,
it is necessary to research the existence of
potential sub-faults in the Ketaun segment
that have not been mapped as one of the
disaster mitigation efforts to minimize the
risk of fatal damage.

One of the geophysical methods used to
determine the presence of sub-faults is the
Magnetotelluric (MT) method because it is
considered capable of detecting subsurface
structures up to approximately 8,000 meters
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(Wulandari et al., 2017). This is because
MT method measurements use low
frequencies to detect to a greater depth than
other methods. On the other hand, the top
depth of the Sumatra fault is around 3 km
(PUSGEN, 2017). Previous research on
fault identification using the MT method
was conducted by Arisbaya et al. (2023) to
identify the possibility of an active fault in
Garut, West Java. The MT method also
mapped the Altyn Tagh fault, an Indian-
Asian structure (Zhang et al., 2015). In
addition, the MT method can estimate local
structures and faults of geothermal fields.

This research is expected to provide
comprehensive  information on the
existence of potential unmapped sub-faults
to monitor the movement of these plates to
minimize losses and impacts caused by
earthquake natural disasters.

Materials and Methods

According to Van Bemmelen (1949), the
physiographic zone of Sumatra is grouped
into four parts, the Bukit Barisan
Mountains, Semangko Fault, Tigapuluh
Mountains, and undulating lowlands. The
research location in Lemeu Village is
included in the Bukit Barisan Mountains
zone with physiographic conditions formed
in the form of hills with narrow valleys
composed of tertiary sedimentary rocks
(Adrianda & Sutriyono, 2022). The
Regional Geological Condition of Lebong
Regency can be seen in Figure 1.

Based on the Geological map of Bengkulu
sheet in (Al Ansory et al., 2023), fault
structures that can be found in the
geological structure of the study area
include: joint, Air Putih slip fault and
Batang Ketaun fault which have the age of
late Miocene, when the main force moves
relatively north-south, which is the time of
formation of geological structures in the
study area (Putra et al., 2017).
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Lebong Regency regionally has several
rock formations, which are the Simpangaur
Formation, which is composed of breccia
and conglomerate, the Bintunan Formation,
which is dominated by conglomerate,
breccia, and claystone, the Hulusimpang
formation which consists of lava, tuff and
breccia, the Lemau Formation which is
dominated by breccia and the Seblat
Formation is dominated by sandstone and
carbonate. At the research location, Lemeu
Village, Lebong Regency, the
Hulusimpang Formation is composed of
lava, tuff and volcanic breccia and is
composed of andesite to basalt rocks of
Late Oligocene to Early Miocene age.

MT method is a geophysical exploration
method that uses the earth's natural
electromagnetic field to determine the
conductivity distribution in the subsurface
(Harahap et al., 2022). According to the
frequency and duration of recording, the
MT method has a reasonably deep
penetration. If using a small frequency with
a relatively long recording duration, the
depth reached is also getting deeper up to 8
km. That is the reason of MT method can
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be used to determine the subsurface
structure (Rizal et al., 2019).

MT method measures the orthogonal or
perpendicular components of the electric
(Ex, Ey) and magnetic (Hx, Hy, Hz) fields
at the Earth's surface in the time domain
(Setyani, 2017). Figure 2 shows a typical
MT setup, with the Earth's naturally
varying magnetic field as the source of a
wide and continuous spectrum of
electromagnetic waves. The internal
coordinate system measures the electric
field horizontally orthogonal and the
magnetic field vertically and horizontally
orthogonal (Muttagien & Nurjaman, 2021).

The MT method utilizes the natural
electromagnetic (EM) field to determine
the earth's subsurface structure based on the
electrical properties of rocks at relative
depths (including the earth's mantle) within
the earth (Hidayat et al., 2016). The MT
method can describe subsurface resistivity
by looking at the nature of the rock.
The MT  method's depth  reached is
inversely proportional to the signal
frequency used (Tiirkoglu et al., 2015).
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Figure 2. MT arrangement in internal coordinate system (Al Ansory et al., 2023).

These EM fields are generated by complex
physical processes with a very wide
frequency spectrum, ranging from 10-5 Hz
to 104 Hz. Variations in the EM field at low
frequencies of less than 1 Hz are caused by
the interaction of the earth's permanent
magnetic field with wind containing
electrically charged particles, causing
variations in the EM field. Furthermore,
variations above 1 Hz are caused by
meteorological activities such as lightning,
which create EM waves that travel between
the ionosphere and the earth (Fitrida et al.,
2015).

To find out the nature of EM waves, the
general equation is wused, which is
Maxwell's equation (Fitzpatrick, 2010).

VXE= -2 (1)
VxH=]+% )

V-D=gq 3)
V-B=0 (4)
Where :

E ~: Electric field (\Volt/m)

B : Flux or magnetic induction (Weber/m?
or Tesla)

H : Magnetic field (Ampere/m)

J : Current density (Ampere/m?)

D : Electrical displacement (Coulomb/m?)
g : Current charge density (Coulomb/m?)
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Result and Discussion

This research was conducted in Lemeu
Village, Lebong Regency using seven
measurement points and a 1 km intervals.
Figure 3 shows the map of the research
location. The results of MT measurements
in Lemeu Village, Lebong Regency are
shown in the time series in Figure 4. The
time series of electric field data has good
quality because at the time of measurement,
further data processing is carried out by
MAPROS software. MAPROS software
can reduce data.

That deviate from the main data pattern. As
a result, only data with good quality will be
processed using MAPROS. Figure 4 shows
the measurement results for 16 hours taken
with a low frequency (128 Hz) with a
recording time of 13 hours because small
frequencies are more susceptible to noise,
therefore the recording time is longer,
medium frequency (1024 Hz) with a
recording duration of 2 hours, high
frequency (4096 Hz) with a recording time
of 1 hour because the frequency used is
large.
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Figure 4. Time series data.

Figure 5 shows the connectivity between
resistivity value and depth, from the two
figures there is a difference at P5 which
shows an anomaly and indicates that the
zone is a fault zone because of the low
resistivity value. In Figure 6 shows three
2D cross-sections of resistivity values,
cross-section 1 is field data with apparent

© 2024 Dept. of Geophysics Hasanuddin University

resistivity values, cross-section 2 is a
calculation model between field data and
model data generated by ZONDMT2D
software, and cross-section 3 is the result of
the actual resistivity value. The 2D
resistivity model shows that the resistivity
value is related to the type of rock that is
there.
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Research that has been conducted around
this location by Al Ansory et al. (2023)
which from the results of his research
shows resistivity values ranging from 0.2
Qm to 700 Qm which from the results of
the cross section shows the potential pattern

of geothermal and from the results of Al
Ansory et al. (2023) shows a 2D cross
section of resistivity values that differ
significantly when compared to this
research.
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Figure 5. Connectivity of resistivity value with depth.
ST Obzerved app.resistivity Tm
107
10
T

Resistivity contour-section
RMS =18.3%

PS
PG
P7

o | 2z 3 4 5 L]
Figure 6. 2D cross-section model resistivity value.

The 2D resistivity cross-section model
shows varying resistivity values, starting
from 1.3 Qm to 650 Qm. According to

Gafoer et al. (1992), the resistivity value
can be classified into three groups: low,
medium, and high  resistivity. Low
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137


http://journal.unhas.ac.id/index.php/geocelebes

Identification of Sub-Fault Zone Using Magnetotelluric ...

resistivity (1.3 — 6.1 Qm) is shown in
blue color which is thought to be a caprock
layer or an overlaying layer at a depth of
0.75 km. In this research area, an andesitic
lava rock type was identified where this
rock has undergone alteration. Some of the
alterations are in the form of volcanic
breccia and tuff so that they can experience
fractures.  Medium  resistivity  with
resistivity values ranging from 10 - 80 Qm
is colored green to yellow and is thought to
be a reservoir. The red color shows high
resistivity values with resistivity values
around 140 — 650 Qm which is thought to
be a hot rock layer.

The 2D cross section shows an anomaly
structure in the measurements at points P4
and P5. The structure has a resistivity value
that changes significantly and shows a low

resistivity value of 1.3 - 6.1 Qm which is
thought to be a fault zone (Telford et al.,
1990). The presence of a fault zone can
generally be identified as a conductive zone
by the presence of a fracture that has the
potential to be filled with fluid, causing the
resistivity value in the fracture to have a
low resistivity value while the bedrock or
basement is characterized by a resistive
zone (Pratama et al., 2021). When the
measurement depth is at 2.5 km, the layer is
fractured which has the potential for an
unmapped Ketaun sub-fault zone (Figure
7). The fault zone can be formed from the
parent fault, which is the Ketaun fault,
which interacts with magma intrusion,
causing fluid to seep into the fractures
which are then heated by the hot rock layer
and produce low resistivity values.
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Figure 7. 2D model identified as the presence of a fault zone.

Conclusion

Based on the research conducted in Lemeu
Village, Lebong Regency, on the Ketaun
segment, it is concluded that the 2D MT
cross section shows a zone with low
resistivity values between research points
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P4 and P5, which is thought to be a new
fault zone with resistivity values ranging
from 1.3 — 6.1 Qm from a depth of 2.5 km
onwards. The zone is assumed to be a
secondary fault that is a branch of the
Ketaun fault. This shows that this study can
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map geological structures suspected to be
new faults.
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Abstract

This study compares the use of analog geological compasses and digital geological compasses in
measuring fracture planes on crystalline rocks at the Lampung region. The measurement results
demonstrate that using digital compasses yields higher time efficiency than analog compasses, with a
reduction in measurement duration of over 50%. Although the dominant directions of the fracture planes
were similar between the two methods, the inclination values and accuracies of each plane were not
always consistent. Data processing using rose diagrams and stereonets indicates that the RockD
application provides comparable results to measurements obtained using analog compasses. Therefore,
the use of digital compass applications such as RockD can serve as an efficient alternative for geologists
in collecting field data related to rock fractures, particularly in the context of quantitative data. However,
analog geological compass is still recommended for measuring planes with on single-plane
characteristics, such as rock bedding and fault mirrors. This study demonstrates the potential for
development and transformation from analog geological compasses to digital geological compasses,
and further research is needed to investigate the minimum number of fractures that can be measured
with a digital geological compass to be considered statistically valid.

Keywords: Digital Geological Compass, RockD, Rocklogger, Smartphone.

Citation: Hendrawan, R.N., Irsyad, M., Gunawan, A., Zainuddin, A.D., & Widiatama, A.J. (2024). Study of the
Digital Geological Compass in Increasing the Effectiveness and Efficiency of Measuring Geological Structure
Data in the Field. Jurnal Geocelebes, 8(2):142-150, doi: 10.70561/geocelebes.v8i2.36726

Introduction measurements  utilizing a geological
compass require focused study by students
A geological compass is an essential or aspiring geologists to  present
instrument  utilized by geologists for sedimentological and structural data
lithological and structural mapping. Field accurately (Novakova & Pavlis, 2017;
geologists are proficient in employing Senger et al., 2021).
analog geological compasses equipped with
clinometers (Assali et al., 2014) and field Engineers generally obtain discontinuity
books that document measurements across data using a geological compass,
hundreds to thousands of locations daily clinometer, measuring tape and scale. This
(Allmendinger et al., 2017). The analysis of process necessitates a certain level of
geological ~structures, including fault expertise (Ibrahim & Musa, 2020; Liu etal.,
networks, lava flow directions, sedimentary 2022; Singh et al., 2021; Vége et al., 2013),
rock bedding, lineation, and foliation, rendering it generally challenging, time-
necessitates the measurement of various intensive, and prone to data bias (Li et al.,
orientations via a geological compass (Jaud 2019), in both scanline (1D) and window
et al, 2022). Consequently, field sampling (2D) measurements (Kong et al.,

© 2024 Dept. of Geophysics Hasanuddin University
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2020; Watkins et al., 2015). Conversely,
since 2010, there has been significant
innovation in the geological compass
through the development of a digital
application for smartphones and tablets,
which is relatively cost-effective and
practical (Novakova & Pavlis, 2017; 2019).
Aspiring or novice geologists can likely
produce more reliable field data utilizing a
digital compass compared than an analog
compass,  which  requires  greater
consistency and skill (Whitmeyer et al.,
2019).

Worldwide since 2016, more than 3.9
billion people have been using smartphones
(Lee et al.,, 2018). Digital geological
compasses, available as smartphone
applications, offer an alternative for
aspiring geologists and professionals alike
to gather data effectively, much like how
GPS has been replaced by applications like
Avenza or digital cameras by smartphone
cameras and other features (Lee et al., 2018;
Wong et al., 2019). Moreover, smartphones
and tablets with mapping applications that
integrate digital compasses make field data
collection accessible, even for those
without in-depth geological knowledge
(Whitmeyer et al., 2019; Whitmeyer & De

Paor, 2014). This trend necessitates further
examination to assess the accuracy and time
efficiency provided by digital compasses.

Materials and Methods

The research was conducted quantitatively
by comparing the results of fracture plane
measurements using various geological
structure measurement methods. The
locations were selected based on the
presence of abundant geological structures
in the Lampung region (Figure 1). The
measurement objects were crystalline rocks
located at three different sites, each
featuring a significant number of fracture
planes (Figure 2). Shear fractures have been
found on north-south and east-west
direction while joint and vein tend to have
a northeast-southwest orientation
(Hendrawan et al.,, 2024). The
measurements were conducted by a final-
year student with excellent measuring skills
who has previously conducted research in
the area. Collecting data can be seen in
Figure 2 (left) where the process can use a
field book or clipboard placed on the plane
surface, especially for rough surfaces.

Regional Geology Map

104.82° E

of Gunungkasih Area

R.am_w Observation Point

Gunungkasih Complex
(schist)

Reverse Fault
Strike-slip fault
Normal Fault

540°8

104.90° E

© 2024 Dept. of Geophysics Hasanuddin University

Figure 1. Observation point in Gunungkasih Area, modified Regional Geology Map (Amin et al., 1993).
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The measurement of natural fractures at the
mesoscale outcrop level in the field was
conducted using the window scan method
over an area of 1m2 (Koesmawardani et al.,
2021). At each outcrop  point,
measurements were taken using two
different methods: the strike-dip method
and the dip-dip direction method. These
measurements utilized both an analog
geological compass (Brunton compass)
(Zewdie & Asmare, 2023) and a digital
compass application on a smartphone,
performed by the same individual.
According to Novakova & Pavlis (2017),
smartphones  equipped with  various
sensors, such as a magnetic field sensor,
accelerometer, and proximity sensor, can
be used as digital compass instruments,
provided they are calibrated beforehand.
This study utilized the Samsung Galaxy
A50, which meets the necessary
specifications for these sensors (Samsung,
n.d.).

There are many digital compass
applications available for Android devices.
FieldMove Clino has the highest number of
reviews and ratings on the Play Store,
followed by the Rocklogger app (Novakova
& Pavlis, 2019; Whitmeyer et al., 2019;
Whitmeyer & De Paor, 2014). However, in
practical use, FieldMove Clino is less
convenient as it requires the smartphone to

© 2024 Dept. of Geophysics Hasanuddin University

Figre 2. An outcrop of rocks serves as the observation site for geological s
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always be in portrait mode. Therefore, an
alternative  application, RockD, was
selected to function as a digital geological
compass. Both applications were used for
comparison in terms of data accuracy.
Details of these applications are listed in
Table 1.

Table 1. Geological Compass Application on
Smartphones based on Android Platform (data
accessed from Google Playstore on August 2024).

Name Developer Installati Ratl_ng/
on Review
FieldMove Petroleum
Clino Exp. Ltd. 50.000+ 4.5/689
Rocklogger RockGecko 50.000+  4.4/360
RockD uw 100.000+ 4.5/378
Macrostat

The collected field data was processed
using Microsoft Excel 2019 and Dips 6.0
software to generate comparison graphs, as
well as distribution plots of planes and
points on stereographic and rose diagrams.
This data analysis will allow for evaluation
of the time efficiency of each method and
instrument, as well as the accuracy
achieved by each method.

Results and Discussion

Data collection was conducted at three
sites, designated as RNH-01, RNH-02, and
RNH-03, all of which are composed of
crystalline rocks. Across these three
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sampling locations, a total of 292 fracture
planes were measured using both analog
and digital compasses. The measurements
employed various methods: analog
compass strike-dip  (SDA), dip-dip
direction (DDA), digital compass strike-dip
using the RockD application (SDH), and
dip-dip direction using the Rocklogger
application (DDH). The details regarding
the measurement duration and the amount
of data collected are provided in Table 2.

The measurement duration using various
methods showed consistent differences at
each observation station. According to
Figure 3, a pattern emerged indicating that
the more fracture planes measured,
particularly using analog compasses (SDA
and DDA), the longer the measurement
duration. However, the DDA method was
more time-efficient compared to the SDA
method. On the other hand, the use of

20

H SDA DDA mSDH mDDH

16

[+.2]

Measurement Duration {Minutes}

digital compasses did not significantly
affect the measurement duration relative to
the number of fractures measured.
Furthermore, the graph in Figure 2
demonstrated a significant difference in
measurement duration between the SDA-
DDA and SDH-DDH methods, with an
average reduction of more than 50%. This
indicates that measurements using digital
compasses (smartphones) are considerably
more efficient than those using analog
compasses.

Table 2. Fracture planes data measurement recap
from observation points.

Measurement =i NFIQIITILIJ—:GS =N

Duration 01 02 03
SDA 14 min 17 min 16 min
DDA 13min 16 min 12 min
SDH 6 min 8 min 8 min
DDH 5 min 8 min 7 min

Total 88 132 72
Fractures planes  planes  planes

RNH-01

RNH-02

RNH- 03

Figure 3. Comparison graph of measurement duration with several methods at each observation point.
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Figure 4 shows a comparison graph
between strike and dip values of planes
present on the outcrop using several
methods. Based on Figure 4, it indicates
that the structural plane data obtained are
not always the same from each method. In
RNH-01 and RNH-03, some points only
have one point or method, including RNH-
02 although not as many as the other points.
This is caused by the difference in strike

and dip values measured by each method.
In general, the difference in dip values
becomes an anomaly compared to the strike
values. However, if we look at RMN-02,
which has a larger amount of data taken, the
data grouping becomes clearer. This needs
to be validated by plotting the data in a rose
diagram to get a complete picture of the
data.
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Figure 4. Strike and Dip Graph with several methods at 3 observation points.
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The fracture data is then processed using a
rose diagram as shown in Figure 5.
Comparing each station, in general, each
measurement shows a relatively similar
dominant direction or trend of strike and
azimuth. For example, in Figure 4, station
RNH-02 shows the same dominant
direction from each measurement method,
although not the same. Slightly different
from the data at station RNH-01, which has
far fewer measurements, showing a slightly
different dominance from each
measurement method. This indicates that
the more data measured, the more accurate
it will be in seeing the dominant direction
of the fracture plane, especially for the
azimuth or strike direction of the fracture
plane.

The stereographic contour diagram is
shown in Figure 6 by entering the strike and
dip data spatially. In general, each
measurement at each measurement station
does not show a contour concentration in
the same position. As seen in Figure 5, the
data distribution is still too random. This
indicates that the measurements taken do
not show a consistent relationship between
strike and dip using either an analog
compass or a digital compass.

Based on the data processing and analysis
conducted using several diagrams, it is
evident that the use of smartphones with the
RockD and Rocklogger applications shows
a high level of efficiency, particularly in
terms  of  measurement  duration.
Measurements with these digital compass
applications can reduce the measurement
duration by more than 50%. The
applications used are also relatively easy to
obtain and free, making them accessible to
anyone with a smartphone, whether it is an
Android or iPhone. Moreover, using digital
compass applications to measure fracture
planes does not require specific skills or
extensive experience.
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Figure 5. Rosset diagrams from observation points
using data from each measurement method.
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RNH-01

-
DOH
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Figure 6. Contour stereonet diagrams which presented plane measurement results from outcrops with each
measurement method.

Data processing using rose diagrams and
stereonets shows that, in general, the use of
digital compass applications on smart-
phones will indicate the dominance of
strike and azimuth direction, showing the
same dominance. However, the dip values
and accuracy of each plane cannot be
considered accurate. This is not suitable for
measuring single planes such as bedding
planes, laminations, and fault planes.
Measurements using digital compass
applications are suitable for measuring
rocks with many geological structures like
fractures and for collecting quantitative
data. Based on the data processing and
analysis results, the RockD application is
recommended because it tends to produce
results like those obtained using an analog
compass.

Conclusion

The use of digital compass applications like
RockD and Rocklogger greatly assists
geologists in conducting fieldwork. Some
conclusions drawn from this research
include Smartphones with the RockD
application significantly facilitate the work
of geologists, particularly for quantitative
data (such as shear fractures, joints, or
veins). Therefore, Digital geological
compass  applications  make  field
measurements more efficient, allowing
geologists to measure more planes in a
single day of fieldwork. The use of digital
geological compass applications requires a
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battery with normal performance (not in
battery-saving mode) and needs periodic
calibration although qualitative or single-
plane data (rock layers, fault mirrors) are
recommended to still be measured using an
analog geological compass.

This research marks the beginning of the
development and transformation from
using analog geological compasses to
digital geological compasses. Further
quantitative research is needed to determine
the minimum number of fractures that
should be measured with a digital
geological compass at a single point to be
considered valid, using a more
comprehensive statistical approach.
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Abstract

Ketapang Regency is one of the areas in West Kalimantan that is prone to drought. Drought can trigger
forest and land fires. In this research, the Keetch-Byram Drought Index (KBDI) method was used to
determine the level of drought in Ketapang Regency. The KBDI method relies on annual rainfall
accumulation, daily rainfall, and maximum air temperature. The KBDI values obtained were correlated
with the number of hotspots using Pearson correlation. This research was conducted throughout 2018-
2022. Based on the monthly average KBDI value, the highest drought in Ketapang Regency occurred
in August and September, while the lowest drought occurred in December and January. In terms of the
annual average, the highest drought occurred in 2019. During the ENSO phenomenon in 2019, the El
Nifio phase experienced higher drought than the La Nifia phase and normal years. In the El Nifio phase,
drought levels reach high to extreme categories. The correlation value between annual KBDI and the
number of hotspots is 0.88, indicating a solid relationship. An increase in the KBDI value will be
followed by an increasing number of hotspots.

Keywords: Drought; ENSO; KBDI; Ketapang Regency.
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Introduction rainfall intensity over a long period
(Fatehah et al., 2022). Drought can cause
Indonesia has a tropical climate with the crop failure and trigger forest fires. One
potential for drought when entering the dry phenomenon affecting drought is the El
season. Based on Koppen's climate Nifio Southern Oscillation (ENSO). The
classification, Indonesia is an area with a ENSO phenomenon is divided into three
tropical ~ rainforest  climate  (Af) phases, namely the neutral, La Nifia, and EI
characterized by relatively uniform air Nino pha_ses. The La Nina phase iS more
temperatures (Hidayat & Farihah, 2020). synonymous with the rainy season due to
An increase in air temperature in the dry high rainfall intensity and causes flooding
season can potentially lead to drought events (llhamsyah, 2012). The EI Nifio
(Malino et al., 2022). A long dry season can phenomenon causes a significant decrease
cause drought because the soil air reserves in rainfall in Indonesia and can cause
will run out due to evaporation, drought in Indonesia (Astuti M. P. et al.,
transpiration, or other uses (Darojati et al., 2024). Along with the drought that occurs,
2015). Drought is a natural phenomenon it can cause hotspots.
that is a side effect of climate variability
(Auliyani & Rekapermana, 2020). Drought Hotspot is a term used to refer to pixels with
is included in the hydrometeorological temperature values above a certain
natural disasters that occur due to reduced threshold based on the results of satellite
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image interpretation (Saharjo & Effendi,
2023). Hotspots do not necessarily describe
a forest fire incident, but hotspots can be
indicators used for early detection of forest
fire events (Aflahah et al., 2018). The
number of hotspots is a key determinant of
the increase in forest fires and peat swamp
forest fires (Cahyono et al., 2015). The
more hotspots are distributed, the higher the
potential for forest and land fires (Humam
et al., 2020). Hotspots will increase in dry
months or the dry season (Nahlunnisa &
Sopiyandi, 2023).

Ketapang Regency is one of the regencies
in West Kalimantan, with 20 sub-districts,
and is the largest regency in West
Kalimantan. Astronomically, Ketapang
Regency is located at 0°19'26.51" South to
3°4'16.59" South and 109°47'36.55" East to
111°21'37.36" East. Forest areas and land
areas still dominate the region in Ketapang
Regency. Ketapang Regency has monsoon
rainfall. The peak of the dry season occurs
in June-July—August. During the dry
season, Ketapang Regency is prone to
drought, which can impact forest and land
fires. In addition, most of the land in
Ketapang Regency is peat, which has the
potential to cause fires to spread quickly.
Research by Dicelebica et al. (2022) shows
that the area of peatland in Ketapang
Regency has an area of 856,296.05 hectares
Ketapang Regency is the region with the
worst cases of forest fires in West
Kalimantan.

One method that can be used to determine
the value of the drought index is the
Keetch-Byram Drought Index (KBDI)
method. The KBDI method was first
developed in 1968 to measure drought
levels based on the climate of Florida, USA
(Keetch & Byram, 1968). The KBDI
method uses parameters of annual rainfall
accumulation, maximum  daily air
temperature, and daily rainfall
accumulation. The results of the study by
Ningsih et al. (2022) showed that Ketapang
Regency was the area with the highest
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drought index and occurred in August.
Susanti et al. (2013) conducted a study on
the level of drought in Pontianak City using
the KBDI method. The study's results
showed that during 2006-2008, the most
extensive drought index in Pontianak City
occurred in 2006, with an extreme KBDI
level in August. 2006, the EI Nifo
phenomenon occurred, so there was a long
drought. The KBDI value and the number
of hotspots show a robust correlation.
Anastasia et al. (2021) conducted a study on
the fire danger level in West Kalimantan
using the Fire Weather Index (FWI)
method. The study results showed that the
FWI1 value had a very high correlation with
the number of hotspots.

Research related to the level of drought in
West Kalimantan using the Standardized
Precipitation Index (SPI) method has been
conducted by Qonita et al. (2019) from
1985 — 2016. Based on the research, the
worst drought occurred in 2014 and 2015 in
the Ketapang Regency area. Fatehah et al.
(2022) conducted a study using the
Standardized Precipitation-
Evapotranspiration Index (SPEI) method to
determine the variation of drought in West
Kalimantan. The SPEI analysis showed a
very dry drought severity level, which was
identified in June 2004. Nahlunnisa &
Sopiyandi (2023) have conducted a study
on the distribution of hotspots as a predictor
of forest and land fires. The study shows
that Ketapang Regency has many hotspots,
with 7542 in 2021-2022. The latest research
on the drought index has been conducted by
Tsabita (2023) using the KBDI method in
West Kalimantan at 2001-2021. This study
shows that Ketapang Regency is the area
most prone to drought. In addition, the
relationship between the drought index
value and the number of hotspots shows a
robust correlation.

Based on previous studies related to
drought in West Kalimantan, a study
related to drought was conducted that only
focused on the Ketapang Regency area. The
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years used in the study are 2018 - 2022
which includes the ENSO phenomenon.
The research was conducted using the
Keetch-Byram Drought Index (KBDI)
method with parameters of annual rainfall
accumulation, daily rainfall accumulation,
and maximum daily temperature. The
calculated KBDI value will be analyzed
spatially. The purpose of this study is to
determine the magnitude of the drought
level in Ketapang Regency and its
relationship with hotspots. The study was
also conducted during the EI Nifio
phenomenon, which is identical to the
decrease in rainfall intensity. This research
is expected to provide information for
drought mitigation and can be a reference
for further research.

Materials and Methods

The data used in this study are secondary,
which are daily rainfall accumulation data,
annual rainfall accumulation data, and

TR =

maximum daily air temperature data in the
range of 2018 - 2022. In addition, this study
uses hotspot data from the MODIS satellite.
Rainfall and air temperature data were
obtained through Copernicus ECMWF,
which can be accessed via the page Climate
Data Store. Hotspot data was obtained from
the Ministry of Environment and Forestry,
which can be accessed through the page
SiPongi® (Sistem Pemantauan Karhutla).
The data from Copernicus ECMWEF has a
resolution of 27.75 km, while the hotspot
data from the MODIS satellite has a
resolution of 1 km.

The research location is in Ketapang
Regency, and the data collection is 50
points with a grid of 0.25° x 0.25°. The
research location used is located at 109.8°
E to 111.3° E and 0.3° S to 3.1° S. The
research location is shown in Figure 1.
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Figure 1. Research location map.
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(203 — KBDIt=1)(0.4982¢(0-0905 X Tm +1.6096) _ 4 268) x 103

1 4 10.88e(—0.001736 X Rp)

()

(Rt —5,1),R" > 5,1 mm/day, 1st rainy day

Rper = {Rt, R*! > 5,1 mm/day, 2nd and the next rainy day

0, Rt < 5,1 mm/hari

The calculation of the KBDI method
requires 3 (three) parameters, including the
accumulation of annual rainfall in the
research area, maximum daily air
temperature, and accumulation of daily
rainfall. Before calculating the KBDI, it is
necessary first to determine the initial
KBDI value, which is zero. The initial
KBDI is determined by assuming that one
day after rainfall, it reaches >150 mm
within one week. Taufik et al. (2015) have
modified the KBDI which is adjusted to the
equatorial climate. The KBDI formula can
be stated as Equation (1) and (2).

The net rainfall value in Equation (1) can be
obtained using the Equation (3).
Description:

KBDI : drought index

KBDI"! : drought index on the previous day

Rnet : net rainfall (mm)

DF :drought factor

Tm :maximum daily air temperature (°C)
Ro :annual accumulated rainfall (mm)

KBDI index values are grouped into four
levels as in Table 1.

Table 1. KBDI value index (Taufik et al., 2015).

Range of KBDI Interpretation
0-99 Low
100 — 149 Moderate
150-174 High
175 - 203 Extreme

Results and Discussion

Analysis of Drought Distribution Based on
the KBDI Method

Spatial drought analysis was carried out by
mapping KBDI values with QGIS software.
Mapping was carried out using IDW
interpolation. Figure 2 shows the average
monthly drought index value in Ketapang
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Regency from 2018-2022. The varying
colors on the map indicate the drought
index value based on four KBDI
classifications. Blue is interpreted as a low
level of drought, green with a moderate
drought, yellow for a high drought, and red
as an extreme drought.

Figure 2 in January shows that Ketapang
Regency has a low category drought index
for all areas. However, it increased to a
moderate category from February to March.
Entering April, only a small part of
Ketapang Regency has a moderate category
drought index. In May, Ketapang Regency
returned to a low drought category. Some
areas in Ketapang Regency began to
experience  moderate  drought when
entering June. All regions of Ketapang
Regency experienced moderate drought in
July. The peak of drought in Ketapang
Regency occurred in August with a
moderate to high category. The areas
experiencing high-category drought are
Sungai Melayu Rayak and Pemahan
Districts. However, in September, the
drought in Ketapang Regency decreased
again to a moderate category. In October,
some areas entered the low category, but
the Kendawangan area was still in the
moderate category. Drought in Ketapang
Regency was entirely in the low category in
November and December.

Ketapang Regency is one of the regions in
Indonesia that has a monsoon rainfall
pattern. December—January—February is
the peak rainfall, and the drought in
Ketapang Regency is in the low category.
March—April-May is the transition between
the wet and dry seasons, so the drought in
Ketapang Regency begins to increase. The
dry season due to monsoons occurred in
June—July—-August, so in that month, the
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drought in Ketapang Regency experienced
a high to extreme category of drought.
September-October-November is  the
transition month between the dry season

average, the drought in Ketapang Regency
generally has the same pattern, with the
moderate to high drought season peak
occurring in August and September.

and the wet season. Therefore, that month,
the Ketapang Regency drought decreased
to a low category. Based on the monthly

1118

]

1511

Low [ High [N

Figure 2. Map of monthly average KBDI distribution for 2018-2022 (a) January, (b) February, (c) March, (d)
April, (e) May, (f) June, (g) July, (h) August, (i) September, (j) October, (k) November, (I) December

(e

Moderate Extreme

B low B Moderate High [  Extreme

Figure 3. Map of annual average KBDI distribution (a) 2018, (b) 2019, (c) 2020, (d) 2021, (e) 2022

Figure 3 shows a map of the distribution of
KBDI in Ketapang Regency in 2018-2022.
The year 2018-2022 was chosen because, in
the 5-year span, there have been all ENSO

phenomena. The annual KBDI distribution
map is obtained by averaging the KBDI
values from January to December. In 2018,
the KBDI distribution map of Ketapang
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Regency was in the blue and green range,
which means low and moderate drought. In
2019, the entire Ketapang Regency area
experienced moderate drought. The
drought decreased to the low category in
2020. Entering 2021, Ketapang Regency
experienced drought with a dominant
moderate category. In 2022, the drought
again reduced to the low category, but a
small number of areas remained in the mild
category. Based on Figures 2 and 3,
Ketapang Regency experienced the highest
drought in August when entering the dry
season and in 2019, the year of the El Nifio
phenomenon. The results obtained in
Figure 3 align with research conducted by
Ningsih et al. (2022), which showed that
the highest drought in Ketapang Regency
occurred in August. This is because the
month of August in Ketapang Regency is
included in the dry season. The influence of
the monsoon is strong on the Ketapang
Regency area.

KBDI Analysis of the EI Nifio Phenomenon

Low I

Moderate

The EI Nifio is a phenomenon that can
cause prolonged drought or dry season
characterized by reduced rainfall intensity.
The selection of months in the EI Nifio
phase is based on the Oceanic Nino Index
(ONI). ONI is one of the parameters often
used to monitor El Nifio and La Nifia events
(Nabilah et al., 2017). Figure 4 is a map of
the distribution of KBDI values during the
El Nifio phenomenon from September 2018
to September 2019. Based on Figure 4,
drought in Ketapang Regency is in the low
category for December-January-February.
In the transition months, drought in
Ketapang Regency is in the moderate
category. The highest drought that occurred
during ElI Nifio was in August and
September 2019, as shown in Figure 4 (1)
and (m). However, in September, there
were a small number of areas with a
moderate KBDI index. This can happen
because September is included in the
transition months from dry to wet seasons.
In the future, it is necessary to carry out
more complex drought studies by adding
weather parameters and soil physical
parameters for more comprehensive results.

(m)
Extreme

High [l

Figure 4. Map of KBDI distribution during the EI Nifio phenomenon (a) September 2018, (b) October 2018, (c)
November 2018, (d) December 2018, (e) January 2019, (f) February 2019, (g) March 2019, (h) April 2019, (i)
May 2019, (j) June 2019, (k) July 2019, (I) August 2019, (m) September 2019
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The Relationship between KBDI and

Hotspot

KBDI and hotspot values aim to determine
the relationship between drought and the
number of hotspots in Ketapang Regency.
Hotspot data was obtained from the
MODIS satellite with a high category.
Calculations were carried out using Pearson
correlation to determine the relationship
between KBDI values and the number of
hotspots. Pearson correlation is a popular
and most frequently used correlation (Purba
& Purba, 2022). The function of Pearson
correlation is to determine the degree of
relationship and contribution of the
independent variable with the dependent
variable. Pearson correlation is calculated
between the average KBDI value for 2018-
2022 and the number of hotspots in the
same year. The correlation value obtained
in that year was 0.88, which means it has a
solid relationship. This shows that the
number of hotspots will also increase with
an increase in the KBDI value.

Based on Figure 5, the highest KBDI value
was in 2019 followed by the largest number
of hotspots. The phenomenon that occurred
in 2019 was El Nifio which of course had
an impact on drought. In 2018, a normal
year followed by the beginning of El Nifio,
the number of hotspots detected during one
year was approximately 300. The KBDI

value decreased in 2020, and the number of
hotspots also decreased. In 2020, it was a
transition year from normal to La Nifia. The
La Nifia phenomenon occurred throughout
2021 and 2022, so the KBDI value was low,
and the number of hotspots detected was
not significant.

Figure 6 shows the relationship between the
average monthly KBDI in 2018-2022 and
the accumulation of monthly hotspots. The
correlation value based on the average
monthly KBDI value and the number of
monthly hotspots is 0.57, which has a
reasonably strong relationship. A small
number of hotspots will follow low KBDI
values from January to June; even in May,
no hotspots were detected. The KBDI value
and the number of hotspots began to
increase in July, with the highest KBDI
value in August. However, the most
significant number of hotspots was in
September, reaching 1.638, while the KBDI
value in September was 66.11, which is
included in the low category. An increase
does not always follow an increase in the
KBDI value in the number of hotspots
(Tsabita, 2023). This can happen because
hotspots can come from other factors, such
as forest fires caused by humans. The KBDI
value decreased from October to
December, followed by several hotspots.
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Figure 5. Graph of the relationship between KBDI and the number of annual hotspots.
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Figure 6. Graph of the relationship between KBDI and the number of monthly hotspots.

Figure 7 shows the relationship between the
KBDI value and the number of monthly
hotspots from 2018-2022. Based on Figure
7, the highest KBDI value occurred in
2019, followed by the most significant
number of hotspots. The correlation
coefficient between KBDI and the number
of hotspots of 0.61 is classified as having a

200.00

solid relationship. Drought in the Ketapang
region is  quite  influenced by
meteorological phenomena such as
monsoons and ENSO, this can have an
impact on the level of drought in the
Ketapang region, thereby increasing the
chances of forest and land fires.
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Figure 7. Graph of the relationship between KBDI and monthly hotspots from 2018-2022.
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Conclusion

Based on the research that has been
conducted, the conclusion that can be
drawn from this study is that the level of
drought that occurs in Ketapang Regency
based on the monthly average has a low
category from January to May. Drought
began to increase in June, with the peak of
drought occurring in August, and began to
decline again in October. Based on the
annual average, Ketapang Regency
experienced the highest drought in 2019
when the EI Nifio phenomenon occurred. In
the ElI Nifio phase, August 2019 and
September 2019 had the highest level of
drought with a high to extreme category. In
addition, the relationship between the
KBDI value and the number of hotspots has
a robust correlation, with a correlation
value of 0.88, so the higher the KBDI value,
the more hotspots will be followed.
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Abstract

It has been carried out research with the aim of determining the subsurface structure at the geothermal
area of Sonai Village and its surroundings, Konawe Regency. The data used are magnetic data
obtained through field measurements at 126 points in the N180°S direction. After the data were
subjected to diurnal and IGRF corrections, a residual (local) magnetic field anomaly of around -150
nT to 90 nT was obtained. On the residual magnetic anomaly map which has been reduced to the Pole
(RTP), the Euler Deconvolution (ED) method is applied to the Index Structure N=0 to estimate the
subsurface structure in the form of the presence of minor faults, and it is known that there are 5 minor
faults at a depth of around 9 to 38 meters. Information on the existence of these faults is then used in
2D modeling. Modeling results show that these minor faults cut through two rock layers, which are
the layers composed of conglomerate rocks from the Alangga Formation and peridotites as bedrock
from the Ultramafic Complex. One of the minor faults closest to the manifestation area (hot spring) is
at coordinates around 4°1°12.412” S and 122°7°24.263” E to 4°1°15.532” S and 122°7°19.561” E with
a distance of £15 meters. The existence of these minor faults is thought to be the migration routes for
heat flow or conduction to the surface at the geothermal area of Sonai Village and its surroundings.

Keywords: ED method; minor faults; Residual magnetic field; RTP.

Citation: Sariani, S., Manan, A., Bahdad, & Chahyani, R. (2024). Estimation of subsurface structure using
Euler Deconvolution method of magnetic data at the geothermal area of Sonai Village and its surroundings,
Konawe Regency. Jurnal Geocelebes, 8(2): 162-177, doi: 10.70561/geocelebes.v8i2.36380

Introduction usually related to the presence of
geological structures such as faults in the
Based on geological environmental subsurface (Risdianto et al., 2015).
conditions,  geothermal  systems in
Indonesia are divided into two, which are Southeast Sulawesi has the potential to
volcanic geological environments and non- have geothermal areas spread from
volcanic geological environments. The mainland Sulawesi to Buton Island. One of
islands of Sumatera, Java, Bali, West Nusa the areas in Southeast Sulawesi that has
Tenggara, East Nusa Tenggara, Sulawesi geothermal potential is at Sonai Village,
and Maluku are areas on the volcanic Puriala District, Konawe Regency.
geothermal route. Meanwhile, non-
volcanic environments are in the areas of Geothermal is a natural resource in the
Bangka Belitung, West Kalimantan, South form of hot fluid or steam that is formed in
Sulawesi, Southeast Sulawesi, Central the earth's reservoir by heating water
Sulawesi, Maluku and Papua (Aulia et al., beneath the surface by hot rocks. Heat
2022). For non-volcanic geothermal, it is delivery occurs in the upper mantle and

earth's crust then is delivered from a heat
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source to a heat reservoir on the surface. In
a geothermal system there are several
things that control it, including heat
sources, reservoir rocks, the presence of
geological structures such as faults, and
water catchment areas (Suryadi et al.,
2017).

In 2015, the Ministry of Energy and
Mineral Resources' Geological Agency
conducted a preliminary geochemical
survey at the geothermal area of Puriala
District (Anonymous, 2017), and found
that the hot spring pH was 7 (neutral).
Then Baskara (2020) researched the
distribution of hot fluid at the Sonai
manifestation area using the geoelectric
resistivity method of the Wenner-
Schlumberger configuration, and it was
found that the flow of hot fluid at this area
is thought to be controlled by minor faults.

In this research, the method used is the
magnetic method. The magnetic method is
a geophysical method that measures
variations in the magnetic field on the
earth's surface caused by variations in the
distribution of magnetized objects beneath
the earth's surface (Utama et al., 2016).
Magnetic methods can also be used to
determine geological structures such as
faults, folds and igneous rock intrusions
(Ngoh et al., 2017).

In processing magnetic data, the Euler
deconvolution method (Cooper, 2024;
Daniel & Kingsley, 2020) can be used to
make it easier to identify the presence of
geological  structures, especially to
determine the existence of faults in the
subsurface. This method is applied to
magnetic data that has undergone
corrections.

Several researches using magnetic method
related to geothermal have been carried
out in several locations, including by
Luthfin & Jubaidah (2023) at the Banyu
Biru hotspring Nganjuk Regency, Lestari
et al. (2022) at Air Putih Tourism Area
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Lebong Regency, Hidayat et al. (2021) at
Aie Angek Village Tanah Datar Regency,
Nurhidayah (2019) at Awang Bangkal
Village South Kalimantan, Sitorus &
Tampubolon (2018) at the Tinggi Raja
Area Simalungun Regency, Efendi et al.
(2018) at the Bada Valley Central
Sulawesi, Fatimah et al. (2017) at Gedong
Songo Central Java, and Lestari et al.
(2016) at Karangrejo Village Pacitan
District. The results of these studies show
that the magnetic method is able to provide
adequate information regarding subsurface
conditions, both layers and geological
structures.

Materials and Methods

Regional Geology of the Puriala Area

Regionally, Puriala District is included in
the Kolaka Series geological map
(Simandjuntak et al., 1993). Based on the
rock set and its characteristics, geology
maps of Kolaka Series can be divided into
two geological lanes, which are the Tinodo
Lane and the Hialu Lane. The rocks found
in the Tinodo Lane which are the base
rocks are Paleozoic Metamorphic Rocks

(Pzm) and are thought to be of
Carboniferous age, consisting of mica
schist, quartz schist, chlorite schist,

graphite mica schist, slate and gneiss. The
rocks found in the Hialu Lane are
Ophiolite (Ku) rocks which consist of
peridotite,  harzburgite, dunite and
serpentinite. The youngest rock on this
series is Alluvium (Qa) which consists of
river, swamp, and beach sediments
(Zakaria & Sidarto, 2015).

Based on the regional geological map, the
research area is in the central part of the
Southeast Arm of Sulawesi which is still
influenced by the Konaweha fault which
trends Northwest-Southeast. The
formations in the research area based on
Figure 1 are Alluvium Sediment, Alangga
Formation and Ultramafic Complex.
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Figure 3. Research setting on geological map.

Research Setting

This research has used magnetic data as
primary data. Data collection in the field
was carried out using 1 set of Proton
Magnetometer and Gradiometer (PMG)-2
equipment from 12 to 13 November 2023
at the geothermal area of Sonai Village
and its surroundings, Puriala District,
Konawe Regency. The number of
measurement points is 126 points with a
distance of £50 meters on 6 trajectories in
the direction of N180°S. The area of the
research is approximately 1,050x900
meters. The research setting map can be
seen in Figure 2 and the research setting
map on the geological map can be seen in
Figure 3. Apart from that, secondary data
was also used in the form of an inclination
angle of -23.75° and a declination of 0.36°
at the research location.
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Data Processing
1. Diurnal Correction

Diurnal Correction is a correction made to
magnetic field data measured in the field
to eliminate the influence of external
magnetic fields or diurnal variations.
Calculation of Diurnal Correction is
carried out using the formula (Telford et
al., 1990):

1)

with AHg is the Diurnal Variation
Correction, Hs is the magnetic field value
at the end point, Ho is the magnetic field
value at the starting point, t, is the
measurement time at the starting point, t1
is the measurement time at the end point,
and t is the measurement time at point n.

2. IGRF Correction

A d=(l+)( 1= )
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IGRF (International Geomagnetic
Reference Field) correction is a correction
made to measured magnetic field data that
has been corrected for diurnal variations to
remove the influence of the Earth's main
magnetic field. IGRF values for the
research area were obtained from The
International Association of
Geomagnetism and Aeronomy (IAGA) via
www.ngdc.noaa.gov/. IGRF correction is
calculated using the formula (Sirait, 2021;
Utama et al., 2016):

A t= diA d—

()

where AH: is the total magnetic field
anomaly, Hq is the H value at each
measurement point, AHqg is the Diurnal
Variation Correction, and Ho is the IGRF
correction for the Sonai village geothermal
area and its surroundings.

3. Upward Continuation

After performing the two corrections
above, the total magnetic anomaly data is
then  transformed using Upward
Continuation (AHcontinuation).  This stage
functions to separate regional magnetic
field anomalies from total magnetic field
anomalies (Kamureyina et al., 2019;
Setiani et al., 2019; Pancasari et al., 2020).
In Fikar et al. (2019) it is stated that this
process is to eliminate local influences
originating from surface sources and
clarify the influence of regional magnetic
field anomalies.

4. Residual Magnetic Field Anomaly

In this research, the target is the residual
(local) magnetic field anomaly. The

anomaly is obtained following the
equation (Telford et al., 1990):
A | =A {—A continuation 3)

where AH, is the residual magnetic field
anomaly, AH; is the total magnetic
anomaly and AHcontinuation 1S the magnetic
anomaly  resulting  from Upward
Continuation.

5. Reduction to Pole (RTP)
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The residual magnetic field anomaly data
that has been obtained is then carried out
by the RTP process on it. It is hoped that
the magnetic field anomaly is located
directly above the body of the object
causing the anomaly. This transformation
process changes dipole magnetic anomaly
data into monopole data (Sehah et al.,
2023).

6. Euler Deconvolution Method

The Euler Deconvolution method is used
to estimate the location and depth of
anomaly sources in the subsurface
(Ghanbarifar et al., 2024; Cooper, 2024),
especially the presence of minor faults.

The Euler Deconvolution method is based
on the degree of Euler homogeneity which
is interpreted as the Index Structure (N).
The Index Structure for several anomaly
models can be seen in Table 1 (Stavrev
and Reid, 2007). The Euler Deconvolution
equation at (x,y,z) coordinate is (Pham et
al., 2024; Daniel & Kingsley, 2020):

(= )—=+( - )—

=N(B-H) (4)

where ( o, o, o) IS the coordinate of the
anomaly source, H the total magnetic field
detected at ( , , ), and B the regional
magnetic field.

)—+( -

Table 1. Index Structure (N) for several magnetic
anomaly models (Stavrev & Reid, 2007).

N  Magnetic Anomaly Model

0  Contact/ fault
1 Sill/ dike
2 Cylinder

Results and Discussion

The Total Magnetic Field Measured at the
Research Area

Magnetic field measurements at the Sonai
geothermal area and its surroundings were
carried out wusing 1 set of PMG-2
equipment. The measurement results are in
the form of uncorrected magnetic anomaly
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contour as shown in Figure 4. The
magnetic field values obtained ranged
from 42,220.59 nT to 42,469.21 nT.

Figure 4 shows that there are tighter and
looser contour closures. This situation is

caused by the inhomogeneous distribution
of the magnetic susceptibility of the
material or layer in the subsurface.
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Figure 4. Measured magnetic field distribution.

Total Magnetic Field Anomaly

The total magnetic field anomaly value in
an area can be calculated using equation
(4). After performing Diurnal and IGRF
Corrections, it is known that the magnetic
anomaly values at the research area are
between -171.17 nT and 82.47 nT. This
result can be seen in Figure 5.

Based on Figure 5, qualitatively the
distribution of total magnetic field
anomalies in the research area is divided
into three different anomaly trends, which
are high, medium, and low anomalies. The
distribution of high anomalies with an
anomaly range of around 10 nT to 82 nT is
dominant in the Northern part with a West-
Northeast direction. The distribution of
this anomaly pattern decreases towards the
West. The medium anomaly pattern with
an anomaly range of around -90 nT to 10
nT is in the Southern part of the research
area. This medium anomaly has a
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downward trend from North-Northwest to
West-Northwest. Meanwhile, the low
anomaly pattern with an anomaly range of
around -171 nT to -90 nT is dominant in
the South-Southwestern part of the
research area.

Upward Continuation Results

Through a trial-and-error process, Upward
Continuation was carried out 6 times,
which are at a height of 150 meters, 200
meters, 250 meters, 300 meters, 350
meters, and 400 meters, and the results are
shown in Figure 6. Based on the contour
map, it can be seen that the lifting process
stopped at a height of 300 meters because
at this height the shallow anomalies tended
to disappear leaving regional anomalies as
marked with contour changes that tend to
stabilize if the lifting process continues at
a higher level.

Residual Magnetic Field Anomaly
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The results of Upward Continuation are
still in the form of regional magnetic field
anomalies which are not the research

magnetic anomalies which are the target,
further processing needs to be carried out.
Residual anomaly follows equation (3).

o) 70
| 60

: : nT
402900° E

Figure 5. Corrected total magnetic field anomaly distribution.
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The residual magnetic field anomaly

contour map in Figure 7 shows the local
geological structure pattern in the research
area. This figure shows qualitatively the
distribution of areas with high and low
susceptibility  values. The  residual
magnetic field anomaly contour ranges
from -150 nT to 90 nT where medium to
high anomalies is in the Northern part of
the research area and low anomaly
contours are dominant in the Southern
part.

RTP Transformation of Residual Magnetic
Anomaly Data

The residual magnetic field anomaly data
are then subjected to RTP transformation
with the aim of eliminating the influence
of the magnetic inclination angle. In this
research, the transformation was carried
out from inclination -23.75° to 90° and
from declination 0.36° to 0°. This
transformation is performed on the
residual magnetic field anomaly data. The
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results ranged from around -89.1 nT to 91
nT which can be seen in Figure 8.

Applying Euler Deconvolution Method to
Residual Anomaly Contour Map

The application of Euler Deconvolution
method begins with creating a synthetic
fault model which is then tested for the
Euler Deconvolution response. Subsurface
geological structures, especially the
location and depth of faults, are identified
based on the use of the Index Structure
N=0 with a maximum error tolerance of
15%.

The results of Euler Deconvolution can be
seen in Figure 9. Based on this figure,
several minor faults were found at the
research location. The suspected location
of minor faults is marked by a distribution
of green and blue Euler points. The
location is in the North-East which
stretches to the Southeast, as well as in the
North to North-West. A small number of
faults are also in the South and Southwest,
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close to area of geothermal manifestation depth of around 9 to 38 meters.
(hot spring). These minor faults are at a
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Figure 6. Upward continuation at a height of 150 to 400 meters.
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Figure 8. Residual magnetic anomaly contour that has been reduced to the Pole (RTP).

Making Slices for 2D Modeling

For 2D modeling, 2 slices were made on
the residual magnetic anomaly map. These
slices are A-A' and B-B' (Figure 10). For
the first slice or A-A’" slice, it is transverse
from the North-West to the Southeast
through areas where 3 minor faults are
thought to lie in the subsurface.
Meanwhile, the second slice or B-B" slice
runs transversely from West to East
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through the geothermal manifestation (hot
spring), as well as through areas where it is
suspected that there are also 3 faults in the
subsurface. Determining the slice paths is
based on the result of Euler
Deconvolution, so it will be easier to
determine the presence of faults through
2D subsurface modeling.
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Figure 9. Euler points on the residual magnetic anomaly contour.
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Figure 10. Direction of A-A'and B-B' slices.

2D Modeling Results of Subsurface

Structure

Based on the result of 2D modeling for the
A-A’ slice in Figure 11, it was found that
the subsurface condition consists of three
layers, which are the first layer consists of
three types of rocks with a susceptibility
value of 0.001 which is thought to be sand,
a susceptibility value of 0.002 is thought to
be clay and 0.004 as sandstone. Sand and
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clay are included in the Alluvium
Sediment which is characterized by the
presence of swamps near the geothermal
manifestation area, while sandstone is
included in the Alangga Formation. The
second layer consists of only one type of
rock, which is rock with a susceptibility
value of 0.005 which is thought to be
conglomerate rock, and from the figure it
looks relatively dominant in the Northwest
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part of the research area. This rock is
included in the Alangga Formation.
Meanwhile, the third layer is only
composed of rocks with a susceptibility

value of 0.01 which is thought to be
peridotite and is included in the Ultramafic
Complex. This layer is relatively thinner in
the Southeast of the research area.
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Figure 11. 2D modeling result for A-A" slice.
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Figure 12. 2D modeling result for B-B' slice.

For the B-B' slice in Figure 12, three
layers were also found. The first layer
consists of three types of rocks with each
susceptibility value of 0.001 which is
thought to be sand, 0.002 which is thought
to be clay and 0.004 which is thought to be
sandstone. The first two types of rocks are
the Alluvium Sediments, while the third is
included in the Alangga Formation. The
second layer consists only of rocks with a
susceptibility value of 0.004 which is
thought to be conglomerate rock, and
includes the Alangga  Formation.
Meanwhile, the third layer also consists of
only one type of rock, which is rock with a
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susceptibility value of 0.01, and is thought
to be peridotite. This rock is part of the
Ultramafic Complex. It can be seen that
the thickness of this rock layer is relatively
thicker than the peridotite layer in the A-
A’ slice.

The rocks or materials found through
modeling are in accordance with the
regional geological map of the research
area in Figure 1. In addition, it is also in
accordance with the geological conditions
found directly in the research area where
swamps and peridotite outcrops were
found which can be seen in Figure 13.
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Figure 13. (a). Alluvium sediments in the form of swamps, (b). Laterite soil, and (c). Weathered peridotite

outcrop.

The first layer in Figures 11 and 12 above
is a layer that can function as a fluid
reservoir in geothermal area. This is
because alluvium sediments such as sand
and clay are loose materials and have
pores that are good enough to store and
pass water. It is this permeable nature that
allows this layer to become a reservoir
zone. The second layer is also a permeable
layer because it is formed from
conglomerate and sandstone from the
Alangga Formation. While the third layer
is a compact layer formed from peridotite.
Peridotite is an igneous rock from the
Ultramafic Complex that can function as a
bedrock layer. This is because of its
impermeable nature.

In this research, several minor fault
segments were also found, as can be seen
in Figures 11 and 12 above. Minor faults
were found at 6 different locations, which
are:

1. Fault fi is located at coordinates
4°0’61.041” S and 122°7°16.172” E to
4°1°’5.421” S and 122°7°15.411” E, and
is approximately 363 meters from the
hot spring.

2. Fault f> is located at coordinates
4°1°2.360” S and 122°7°14.110” E to
4°1°12.168” S and 122°7°15.061” E,
and is approximately 68 meters from
the hot spring.

3. Fault f3 is at coordinates 4°1°22.051” S
and 122°7°19.232” E to 4°1°9.371” S
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and 122°7°19.640” E, and is
approximately 30 meters from the hot
spring.

4. Fault fs is at coordinates 4°1°18.345” S
and 122°7°13.177” E to 4°1°27.255” S
and 122°7°17.363” E, and is
approximately 32 meters from the hot
spring.

5. Fault fs is at coordinates 4°1°12.412” S
and 122°7°24.263” E to 4°1°15.532” S
and 122°7°19.561” E, and is
approximately 15 meters from the hot
spring.

6. Fault fe is at coordinates 4°1°17.610” S
and 122°7°27.189” E to 4°1°27.431” S
and 122°7°35.240” E, and is
approximately 57 meters from the hot
spring.

Regionally, the research area is influenced
by the Konaweha strike-slip fault which
trends Northwest-Southeast (Tamburaka,
2019). As a result of this fault shift, minor
faults were formed which caused the
emergence of manifestation such as hot
spring in the research area. This fault was
formed based on the deformation
relationship between the horizontal fault
system and the formation of a basin called
a pull-apart-basin so that the conglomerate
layer in the Northwest (NW) and
Southeast (SE) of the research area tends
to be thinner than the conglomerate layer
in the middle.
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The minor faults found in this research cut
through the Alangga Formation and
bedrock layer as shown in Figures 11 and
12. This condition shows that the type of
geothermal at Sonai Village and its
surroundings is non-volcanic geothermal
where the fluid comes from surface water,
and the heat source is controlled by
fractures in the form of minor faults
formed in the rocks. The fracture zone is a
permeable zone that is capable of
channeling geothermal fluid.

The fault zones in Figures 11 and 12 are
thought to act as geothermal fluid
migration routes to the surface. As a result
of these zones, fluid is heated and moves
upwards so that it accumulates in the
permeable zone (alluvium sediment). The
movement of the fluid is thought to also be
influenced by the topography of the
research area where fluid originating from
surface water will move and accumulate in
lower area. Because the area is close to
minor fault zones, hot spring emerges in
the area. The area in question is now
known by the local population as the Sonai
hot spring, Puriala.

Conclusion

Based on the research results, it can be
concluded that the Sonai area and its
surroundings are composed of 3
formations, which are Alluvium Sediment,
Alangga Formation and  Ultramafic
Complex. For Alluvium Sediment, it was
found to be sand with a susceptibility
value of 0.001 and clay with a
susceptibility value of 0.002. For the
Alangga Formation, it consists of
sandstone with a susceptibility value of
0.004 and conglomerate rock with a
susceptibility value of 0.005. Meanwhile,
the Ultramafic Complex consists of
peridotite rock with a susceptibility value
of 0.001.

Apart from that, in the research area
geological structures were found in the
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form of minor faults at a depth of around 9
to 38 meters which are thought to be the
cause of the emergence of geothermal
manifestation such as hot spring. Of the
several faults found, one of the minor
faults closest to the manifestation is at
coordinates 4°1°12.412” S and
122°7°24.263” E to 4°1°15.532” S and
122°7°19.561” E with a distance of 15
meters. The formation of these faults is
thought to be caused by the activity of the
Konaweha fault which is close to the
manifestation area. These minor faults cut
through two rock layers, which are a layer
composed of conglomerate rock from the
Alangga Formation and a rock layer
composed of peridotite from the
Ultramafic Complex. This peridotite layer
functions as bedrock at the Sonai
geothermal area, Puriala District, Konawe
Regency.

The existence of minor faults found at the
area Sonai geothermal is thought to be the
pathways of geothermal migration to the
surface through conglomerate rock and
peridotite layers, both in the form of heat
flow and conduction. These minor faults
act as heat controllers. At the same time, it
proves that the type of geothermal in this
area is non-volcanic.
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Abstract

Ultramafic rocks are the main source of nickel laterite deposits. One of the areas that has an ultramafic
complex is located in Muara Lapao Pao Village, Kolaka Regency. The research was conducted in the
mining area of PT Tri mitra Babarina Putra using the resistivity geoelectric method of the Wenner -
Schlumberger configuration, In the area it is not yet known exactly how much peridotite bedrock is
present in the subsurface. Therefore, it is necessary to conduct a geophysical survey in identifying the
occurrence of peridotite bedrock, and can determine the depth and thickness of peridotite bedrock in
the research area. the occurrence of peridotite bedrock in the mining area of PT Tri Mitra Babarina
Putra has a resistivity value between 3000 — 17984 Ohm-meters. Peridotite bedrock in the research area
on all four tracks has a depth and thickness that is almost uniform. lines 1 and 2 and 4 are at a depth of
34.5 - 39.6 meters with a thickness of up to 5.1 meters. and line 3 peridotite bedrock is at a depth of 40
m to more. There are 3 layers in the study area, namely, soil/overburden layer with a resistivity value
of 16.5 — 122 Ohm-meters, serpentinite rock layer with a resistivity value of 200 — 2438 Ohm-meters
and peridotite bedrock layer with a resistivity value of 3000 — 17984 Ohm-meters.

Keywords: Geoelectric Method; Peridotite; Resistivity; Kolaka.
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Introduction

One of the factors that play an important
role in the formation of nickel laterite
deposits is the type of bedrock (Jeremiarta
et al., 2022). Jeremiarta et al. (2022)
explains that ultramafic rocks are rocks that
are the main source for laterite nickel
deposits. Some examples of ultramafic
rocks include dunite, pyroxynite,
hornblendite, serpentinite and peridotite.
One area that has an ultramafic complex is
located in Muara Lapao Pao Village,
Kolaka Regency. This area is included in
the ofiolite complex in the Southeast Arm
of Sulawesi which is part of the East
Sulawesi Ofiolite Line. The rocks forming
this line are dominated by ultramafic and
mafic rocks and pelagic sedimentary rocks
and there is melange in several places.
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(Rachman et al., 2020). The research was
conducted in the mining area of PT Tri
mitra Babarina Putra, which is engaged in
mining that produces peridotite rocks. In
the mining area, it is not yet known exactly
how much peridotite bedrock is found in the
subsurface. Therefore, it is necessary to
conduct a geophysical survey in describing
the subsurface structure so that later it can
be used to identify the presence of
peridotite bedrock, and can determine the
depth and thickness value of peridotite
bedrock in the research area.

Hasria et al. (2022) explains that peridotite
rocks are part of ultramafic rocks that
contain many mafic minerals, including
olivine. Most ultramafic rocks were
originally peridotite, formed in the upper
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mantle and transformed into serpentinite
either partially or completely by crustal
fluids during its journey to its current
tectonic position (Asdar et al. 2022).

To identify the subsurface conditions of the
earth in an area generally using geophysical
methods. One of the suitable geophysical
methods used is the resistivity geoelectric
method. The resistivity method is used to
study the flow of electricity in rocks under
the earth's surface (Pratama et al., 2019a).
The use of resistivity geoelectric method to
identify bedrock has been done by previous
research (Pratama et al.,, 2019b) in the
research area around Lumpue beach, Pare-
Pare city, South Sulawesi.

This research identifies peridotite bedrock
using the resistivity geoelectric method
with the Wenner-Schlumberger
configuration. (Sapina et al., 2023)
explained that to detect the subsurface
structure of the earth horizontally and
vertically using the Wenner-Schlumberger
configuration. The Wenner-Schlumberger
configuration is one of the configurations
usually used for 2D  resistivity
measurements (Amir et al., 2022). The
advantage of the Wenner-Schlumberger
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configuration is that it can describe lateral
and vertical variations in resistivity values
and its depth penetration is 10% greater
than the Wenner configuration (Telford et
al., 1990; Hati et al., 2022). The signal
strength of the Wenner-Schlumberger
configuration is lower than the Wenner
configuration, but higher than the Dipole-
dipole configuration (Hermawan & Putra,
2016). Wenner-Schlumberger also has
slightly better horizontal data coverage
compared to the Wenner configuration,
although not better than the Dipole-dipole
configuration (Hermawan & Putra, 2016).
Therefore, the  Wenner-Schlumberger
configuration masks the weaknesses of
each configuration (Pambudi et al., 2022).

Geology of the Research Area

Based on data from BPS Sulawesi
Tenggara (2018), Kolaka Regency is
geographically located between 02°00' and
05°00" southern latitude and between
120°45' and 124°06' eastern longitude.
Administratively, the research area is in
Wolo sub-district, Kolaka Regency.
According to BPS Kabupaten Kolaka
(2023), the area of Wolo Sub-district is
614.58 km2.
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Figure 1. Regional stratigraphy of Lasusua - Kendari sheet (modified from Anggriawan et al., 2021).

© 2024 Dept. of Geophysics Hasanuddin University 179



Identification of Peridotite Bedrock using Resistivity ...

3=50000S

3°52°30™S

35508

GEOLOGIC MAP OF THE RESEARCH LOCATION IN
MUARA LAPAQO PAO VILLAGE, WOLO SUB-DISTRICT,KOLAKA DISTRICT

121914'0"F,
1

12191730

T
121°17'30"E

LEGEND
Contour
j Rescarch Locanon
Kn  Ultemafic Complex
- Mehongya Complex
Qn | Alluviun

INSET,

PSS

SOURCE

1.Geologic map of Lasusua-Kendari sheet
2.5HP of 2020 village andministration
J.DEN af Southeast Sulawesi

Coordinate System: WGS 1984 UI'M Zone 518
Pojeetion: Transverse Mereator

Datum: WGS 1984

Vnits: Meter

MUIAMMAD GUSAN
RIA120048
GFOPHYSIC ATN FNGINFFRING MAJOR
PACLLTY OF MATHEMATICS AND NATURAL SCTENCES
HALL OLEO UNIVERNSITY
KENDARI
Mi24

Figure 2. Geologic map of the research area.

Based on the regional stratigraphic map of
the Lasusua - Kendari sheet (Anggriawan et
al., 2021) in Figure 1. Wolo sub-district is
dominated by the carbonaceous to perm
aged Mekongga complex (Pzm) which
consists of schist, genes, phyllite, quartzite,
slate, and a little alabaster has a menjemari
relationship with the paleozoic alabaster
unit (Pzmm). The complex is overlain by
Holocene-aged alluvium (Qa) consisting of
gravel, pebbles, sand, clay and silt. The
corresponding research area, in Figure 2, is
in the ultramafic complex (Ku) which is
limestone in age with constituent rocks of
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peridotite, harzburgite, dunite, gabbro and
serpentinite.

Peridotite Rocks

According to Thorffata et al. (2022),
bedrock is one aspect that determines the
nickel content in nickel laterite deposits
because it is the source of nickel content
before enrichment occurs. Peridotite rocks
consist of holocrystalline minerals with
medium - coarse size and anhedral shape.
The composition is composed of olivine
and pyroxene, the accessory minerals
consist of plagioclase, hornblende, biotite,
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and garnet (Puspita et al., 2022). According
to Erwin et al. (2023) explained that
Peridotite is one of the nickel-bearing rocks
of origin. Peridotite has a high nickel
content compared to pyroxynite bedrock
because peridotite rocks contain more
olivine minerals, while pyroxynite bedrock
is generally rich in pyroxene mineral
content (Musrifin et al., 2021). The uses of
peridotite rock are as building materials,
floor or wall ornaments, sculpture making,
half gemstones, materials for jewelry, and
as emery.

Resistivity Method

Amin et al. (2023) explained that one
method to describe the conditions under the
earth's surface is the resistivity geoelectric
method, which is by injecting electric
current into the soil through two current
electrodes. then two potential electrodes are
used to measure the potential difference
that occurs. The resistivity geoelectric
method is used to measure a physical
quantity such as the resistivity of a
subsurface layer. The resistivity value
reflects the ability of the layer to inhibit the
flow of electric current. This value will be
used as a basis for interpreting the condition
of the subsurface layer (Ariputra et al.,
2021).

Nugroho & Afiatna (2021) explained that
pseudo-resistivity is the resistivity of a
fictitious medium considered to be the same
or homogeneous which is equivalent to the
layered medium under review. For
example, the layered medium under review
may consist of two layers that have
different resistivities (pl1 and p2)
considered as the same or homogeneous
single-layer medium that has one resistivity
price of pa, thus this pa is a pseudo price.
The apparent resistivity value can be
expressed in the equation:

p=mn (o) - GGl T
AV
Pa = KT (2)
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pa is the apparent resistivity value (Q2m),
refer to Figure 3, AV is the potential
difference between P1 and P2 (Volt) and |
is the current strength (A) (Sapina et al.,
2023) and r is the distance between the two
current electrodes (C1C2) and potential
electrodes (P1P2) (m) (Sihombing et al.,
2023). By measuring AV and I, the
resistivity value can be determined
(Nugroho & Afiatna, 2021).

Table 1. Resistivity values of earth materials
(Telford et al., 1990; Pratama et al., 2019b).

Rock Type Resistivity Range (Qm)
Granite 3x10%— 10°
Feldspar Porphyry 4x 103
Carbonatized Porphyry 2.5 x 103 — 6 x 10*
Porphyry (Various) 60 — 10*

Dacite 2x10*

Diabase Porphyry 10% — 1.7 x 10°
Marble 10?2 — 2.5 x 108
Lavas 10?2 — 5x 10*
Gabbro 103 — 10°

Basalt 10 — 1.3 x 107
Olivine Norite 103 — 6 x 10*
Peridotite 3x10° - 6.5x103
Serpentinite 2x10% — 3x103
Hornfels 8x10% —6x107
Tuffs 2x10% —10°
Graphite Schist 10 — 102

Gneiss (various) 6.8 x 10* — 3 x 10°

The configuration used to detect subsurface
structures in mapping and sounding is the
Wenner-Schlumberger configuration
(Sapina et al., 2023). The Wenner-
Schlumberger  configuration is a
configuration that applies a fixed spacing
rule system with the factor “n” for this
configuration as a comparison of the
distance between electrodes C1-P1 (or C2-
P2) with the space between P1-P2 as shown
in Figure 3. If the distance between
potential electrodes (P1 and P2) is athen the
distance between current electrodes (C1
and C2) is 2na + a. The process of
determining  resistivity  involves 4
electrodes with placement on a straight line
(Yuristina et al., 2015).
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The spacing distance between electrodes,
the geometry factor of the Wenner-
Schlumberger configuration becomes:

k=nn+1a 3

where, k is the geometry factor (m), n is the
distance between C1 and P1 (m) and C2 and
P2 (m), a is the electrode spacing distance
(m), (Saputra et al.,, 2020). Figure 4
provides a schematic of the Wenner-
Schlumberger arrangement.

Materials and Methods

Field data acquisition has been carried out
on September 13 - 16, 2023 located in the
mining area, in Muara Lapao Pao Village,
Wolo District, Kolaka Regency, Southeast
Sulawesi Province can be seen in Figure 5.
Data processing, data analysis and
interpretation were carried out at the
Geophysical  Engineering  Laboratory,
Faculty of Mathematics and Natural
Sciences, Halu Oleo University, Kendari.

The data used is secondary data in the form
of data from field measurements consisting
of electric current (I) and potential
difference (V). Preparation stage by
preparing tools and materials that will be
used during measurements in the research
area. The preliminary study includes an
initial study of the literature and making
measurement data tables, to collect
information that is relevant or related to

bedrock, peridotite  rock, resistivity
geoelectric method, safety factor and
regional geological description of the

research area.

The resistivity value obtained from the
interpretation results is then interpreted
based on the value of the resistivity
variation of earth materials (Table 1). So
that data analysis is carried out qualitatively
on the 2D resistivity cross section, thus it
can determine the presence of peridotite
bedrock in the research area based on the
subsurface resistivity value of the displayed
color scale.
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Figure 3. Wenner - Schlumberger configuration (Panjaitan & Jusfarida, 2022).
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Figure 4. Schematic of the Wenner-Schlumberger array of electrode locations and datum points
(Akhasanullatief & Sehah, 2022).
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Results and Discussion

Line 1

Based on the two-dimensional resistivity
cross-section model on line 1 (Figure 6), it
can be seen from the span of 0 - 190 meters
horizontally while vertically at a depth of
2.50 - 39.6 meters. The distribution of
resistivity values on this line ranges from
16.5 to 17984 Ohm-meters with 6 iterations
and an RMS error of 9.8%. Iteration is done
several times to reduce the error value. The
resistivity values vary from low resistivity
values to high resistivity values. The
lithology layer can be distinguished by
looking at the resistivity value that has been
obtained from the results of data processing
and looking at geological information
consisting of regional geological maps, and
rock outcrops.

Line 1 with a resistivity value of 16.5 — 122
Ohm-meters is identified as a top soil layer
with an average depth from the surface to
13 meters, its physical appearance is

© 2024 Dept. of Geophysics Hasanuddin University

yellow-brownish. The resistivity value of
200 — 2438 Ohm-meters is identified as a
serpentinite rock layer with a depth from
the surface to 18.5 m and at a depth of 32
m. Rock outcrops are seen at 30 m, 60 — 100
m, 130 — 145 m, and 160 — 170 m. This rock
layer has undergone a serpentinization
process that changes the mineral
composition, chemistry, and texture of
rocks in ultrabasic rocks when there is
interaction between rocks and
hydrothermal  fluids  through  them
(Permana et al., 2017). The resistivity value
of 3000 — 17984 Ohm-meters is identified
as a bedrock layer or the lowest layer with
constituent rocks dominated by peridotite
rocks at a depth of 34.5 to 39.6 meters and
the thickness of this layer is 5.1 meters.
This rock layer still has the physical
properties of its original rock and has not
undergone a serpentinization process.

Line 2

Based on the two-dimensional resistivity
cross-section model on line 2 (Figure 7), it
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can be seen from the span of 0 - 190 meters
horizontally while vertically at a depth of
2.50 — 39.6 meters. The distribution of
resistivity values on this line ranges from
16.5 to 17984 Ohm-meters with 5 iterations
and an RMS error of 13.0%. Iteration is
done several times to reduce the error value.
The resistivity values vary from low
resistivity values to high resistivity values.
This is because each layer has a different
element content. The lithology layer can be
distinguished by looking at the resistivity
value that has been obtained from the
results of data processing and looking at

geological information consisting of
regional geological maps, and rock
outcrops.

Line 2 with a resistivity value of 16.5 — 122
Ohm-meters is identified as a top soil layer
with an average depth from the surface of
up to 13 meters, its physical appearance is
yellow-brownish and has outcrops of

Southwest

Model resistivity with topography
Iteration 6 Abs. error = 9.8

Resistivity in ohm.n

Horizontal scale is 67.63 pixels per unit spacing
Uertical exaggeration in model section display = 0.53
First electrode is located at 6.0 n.

Last electrode is located at 196.0 n.

LINE 1

peridotite rocks that come to the surface.
The resistivity value of 200 — 2438 Ohm-
meters is identified as a serpentinite rock
layer with a depth from the surface to 18.5
m and at a depth of 32 m. Rock outcrops are
seen at 35 — 70 m, 90 — 108 m, 123 — 147
m, and 165 — 175 m. This rock layer has
undergone a serpentinization process that
changes the mineral  composition,
chemistry, and texture of rocks in ultrabasic
rocks when there is interaction between
rocks and hydrothermal fluids through them
(Permana et al., 2017). The resistivity value
of 3000 — 17984 Ohm-meters is identified
as the bedrock layer or the lowest layer with
the constituent rocks dominated by
peridotite rocks at a depth of 34.5 to 39.6
meters and the thickness of this layer is 5.1
meters. Rock outcrops of peridotite meter
20 — 30 m. This rock layer still has the
physical properties of its original rock and
has not undergone the serpentinization
process.
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Figure 6. 2D resistivity cross section model of line 1 with topography.
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Figure 7. 2D resistivity cross section model of line 2 with topography.
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Line 3

Based on the two-dimensional resistivity
cross-section model on line 3 (Figure 8), it
can be seen from the span of 0 - 200 meters
horizontally while vertically at a depth of
250 — 39.6 meters. The variation of
resistivity values on this line ranges from
16.5 to 17984 Ohm-meters with 5 iterations
and the RMS error is 19.6%. Iteration is
done several times to reduce the error value.
The resistivity values vary from low
resistivity values to high resistivity values.
This is because each layer contains
different elements and materials. The
lithology layer can be distinguished by
looking at the resistivity value that has been
obtained from the data processing results
and looking at the geological information of
the study area consisting of regional
geological maps, and rock outcrops.

Line 3 with an average depth from the
surface to 25 meters is identified as a soil
layer, the distribution of resistivity values
ranges from 16.5 — 122 Ohm-meters, the
physical appearance is yellow-brownish
and has outcrops of peridotite that is
serpentinized to the surface. From the
surface to 32 m and at a depth of 39.6 m it
is identified as a serpentinite rock layer, the
resistivity value distribution is 200 — 2438
Ohm-meters. Rock outcrops are seen at 20
—30 m, 40 — 50 m, 90 — 105 m, 135 — 155
m and 175 m. This rock layer has
undergone a serpentinization process that
changes the mineral  composition,
chemistry, and texture of rocks in ultrabasic
rocks when there is interaction between
rocks and hydrothermal fluids through them
(Permana et al., 2017). At a depth of 40 m
to more, it is identified as the bedrock layer
or the lowest layer with its constituent rocks
dominated by peridotite rocks with a
resistivity value of 3000 — 17984 Ohm-
meters. This rock layer still has the physical
properties of its original rock and has not
undergone a serpentinization process.

Line 4
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Based on the two-dimensional resistivity
cross section model on line 4 (Figure 9), it
can be seen from the span of 0 — 190 meters
horizontally while vertically at a depth of
2.50 — 39.6 meters. Obtained variations in
resistivity values on this line ranged from
16.5 to 17984 Ohm-meters with 5 iterations
and an RMS error of 14.8%. lIteration is
done several times to reduce the error value.
The resistivity values vary from low
resistivity values to high resistivity values.
This is caused by each layer having
different element and material content.

Line 4 with an average depth from the
surface to 12.8 meters is identified as a soil
layer, the distribution of its resistivity
values ranges from 16.5 — 122 Ohm-meters,
its physical appearance is yellow-brownish.
From the surface to 13 m and at a depth of
32 m is identified as a serpentinite rock
layer, the distribution of resistivity values is
200 - 2438 Ohm-meters. The rock outcrops
are seen at 20 —45m, 65 —-75m, 90 — 110
m, 125 m and 140 — 145 m. This rock layer
has undergone a serpentinization process
that changes the mineral composition,
chemistry, and rock texture in ultrabasic
rocks when there is interaction between the
rock and the hydrothermal fluid through it
(Permanacet al., 2017). At a depth of 34.5 to
39.6 meters and a thickness of 5.1 meters,
this layer is identified as a bedrock layer or
the lowest layer with constituent rocks
dominated by peridotite rocks with a
resistivity value of 3000 — 17984 Ohm-
meters. This rock layer still has the physical
properties of its original rock and has not
undergone a serpentinization process.

Interpreting the lithologic layers requires
literature studies and field observations.
Mentioned in regional geology, Wolo sub-
district is included in the Mekongga
complex (Pzm), alluvium (Qa) and
ultramafic complex (Ku). The research site
is included in the ultramafic complex with
its constituent rocks identified as
serpentinite and peridotite rocks. The soil
layer is the opening soil or the topmost
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layer. The soil is hollow due to land that has
been previously stripped. The presence of
veins in ultramafic rocks is evidence that
the rocks have been serpentinized into
serpentinite rocks seen in the rock outcrops.
The degree of serpentinization is divided
into three categories (low, medium, high)
based on the type of serpentine vein (Jaya
et al., 2024). An understanding of
serpentinization is important in knowing
the composition of the bedrock,
determining the temperature and pressure
conditions under which the hydration
process took place, and determining the
location of serpentinization in continental

Northwest
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LINE 3

crust, oceanic crust, or both (Jaya et al.,
2024). Most ultramafic rocks were
originally peridotite rocks with pyroxene
and olivine mineral compositions that
formed in the upper mantle and then
transformed into serpentinite, completely or
partially. The uses of peridotite rocks are
that they can be utilized in the
metallurgical, chemical and construction
industries and can be used as raw materials
in the refractory industry and abrasive
industry. The existence of peridotite rocks
is reinforced by observations in the field as
evidenced by the presence of rock outcrops.

Southeast

F2
Unit Electrode Spacing = 18.0 n.

Figure 8. 2D resistivity cross section model of line 3 with topography.
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Figure 9. 2D resistivity cross section model of line 4 with topography.

Conclusion

The presence of peridotite bedrock in the
mining area of PT Tri Mitra Babarina Putra
has a resistivity value between 3000 -
17984 Ohm-meters. Peridotite bedrock in
the research area on all four lines has a
depth and thickness that is almost uniform.
lines 1 and 2 and 4 are at a depth of 34.5 —
39.6 meters with a thickness of up to 5.1
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meters. and line 3 peridotite bedrock is at a
depth of 40 m to more. There are 3 layers in
the study area, which are, soil/ overburden
layer with a resistivity value of 16.5 — 122
Ohm-meters, serpentinite rock layer with a
resistivity value of 200 — 2438 Ohm-meters
and peridotite bedrock layer with a
resistivity value of 3000 — 17984 Ohm-
meters.
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