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Abstract

This study aims to estimate the presence of subsurface structures in the geothermal area of Tahi Ite Village, Bombana Regency,
Southeast Sulawesi by using geomagnetic data collected in the field at 656 measurement points using a PPM unit divided into nine
survey lines oriented NO°S, with distances between measurement points and between survey lines of approximately 50 m and 180 m,
respectively. Based on the research results, the Total Magnetic Intensity (TMI) values for the study area ranged from 42,375.605 to
42,817.045 nT. A value range of 441.44 nT indicates the presence of rock magnetic heterogeneity in the geothermal manifestation
area. After applying Diurnal Correction and IGRF Correction, the Total Magnetic Anomaly (TMA) values were found to be
approximately -136.89 to 200 nT. The Local Magnetic Anomaly (LMA) was obtained after performing an upward continuation process
through four continuation stages up to an altitude of 1,700 m from the reference surface, The Local Magnetic Anomaly (LMA) was
obtained after performing an upward continuation process through four continuation stages up to a height of 1,700 m from the
reference surface, and was found to be within a range of approximately -120 to 60 nT. Subsequently, Reduced to the Pole (RTP)
processing was applied to transform the magnetic response so that it lies above its causative source and exhibits a monopolar nature.
On the RTP results, the Euler Deconvolution (DE) method with a Structural Index of N=0 and the Second Vertical Derivative (SVD)
method were applied to infer the presence of subsurface structures. The results show the presence of magnetic anomaly patterns
suggesting strong structural control with a dominant North—South orientation. It is estimated that there are approximately five to nine
minor faults with depths ranging from <15 m (Very Shallow) to >55 m (Deep), and it is known that approximately two minor faults
intersect the Tahi Ite hot spring. The existence of these minor faults is thought to act as thermal conduction pathways and channels
for the migration of hydrothermal fluids to the surface with the water source in the reservoir originating from surface or meteoric water.
These findings are also supported by the presence of outcrops, further confirming that the Tahi Ite Village geothermal system is non-
volcanic in nature and controlled by secondary structures in the form of minor faults.

Keywords: Tahi Ite Village, Geomagnetic data, Residual magnetic anomaly, DE method, SVD method, Minor faults.

1. Introduction geothermal systems in Indonesia (Massinai et al., 2026;
Saepuloh et al., 2026; Kusnadi, 2021; Alpine et al., 2022).
Data from the Ministry of Energy and Mineral Resources

(ESDM) in 2018 shows that Indonesia's geothermal

Global energy consumption continues to rise in line
with population growth and increasing industrialization

(Yan et al., 2024; Akyol, 2022). Meanwhile, oil and gas
reserves are dwindling. Therefore, other potential energy
sources are needed to be developed as sustainable and
environmentally friendly alternatives. Geothermal energy
is a promising solution due to its relative safety and
significant potential (Huang et al., 2023; Jamil et al., 2023;
Dashti and Korzani, 2021). This energy source produces
relatively low greenhouse gas emissions and is capable
of providing stable baseload power (Ricks et al., 2025;
Gutiérrez-Negrin, 2024; Aljubran and Horne, 2024,
IRENA and IGA, 2023; Titus et al., 2023; Manzella, 2017).

Indonesia is one of the countries in the world with
geothermal potential as an energy source (Taufan et al.,
2020; Manyoe and Hutagalung, 2020). This is because it
is tectonically located at the intersection of three major
world plates, namely the Eurasian, Indo-Australian, and
Pacific plates. The meeting of these three plates has
created unique geological conditions for the formation of

Chahyani, R./ JGEET Vol 11 No 2/2026

potential is approximately 11,073 MW, with approximately
17,506 MW of reserves. These geothermal sources are
distributed across 331 different locations from Sabang to
Merauke (https://www.esdm.go.id/).

Geothermal systems in Indonesia are generally
formed in volcanic environments, but there are a number
of geothermal manifestations in  non-volcanic
environments, particularly on the island of Sulawesi, with
60 locations recorded as of 2015 by the Geological
Agency (Risdianto et al., 2015; https://www.iagi.or.id/).
Volcanic systems are closely related to volcanic activity,
while non-volcanic systems are associated with the
presence of subsurface fault zones that act as conduits
for the circulation of heat and hydrothermal fluids (Annuar
et al.,, 2021; Stober and Bucher, 2021). In Southeast
Sulawesi, geothermal manifestations typically appear in
sedimentary and metamorphic rocks (Hermawan et al.,

377


http://journal.uir.ac.id/index.php/JGEET

2011). This situation suggests a strong structural control
on the formation of geothermal systems, rather than a
direct magmatic heat source (Annuar et al., 2021; Stober
and Bucher, 2021). Among the geothermal potential
areas in Southeast Sulawesi is Tahi Ite Village, Rarowatu
District, Bombana Regency, characterized by the
presence of hot springs. This manifestation indicates an
active geothermal system, but knowledge of the
subsurface structures that control thermal conduction and
geothermal fluid migration in this area remains limited.
However, understanding the subsurface structures,
particularly lithological contacts and fault zones, is crucial
for assessing geothermal resources and evaluating
potential geological hazards associated with active faults
(Annuar et al., 2021; Castellano et al., 2021; Chen et al.,
2024). The Tahi Ite hot springs generally taste brackish
with a relatively low temperature, and are known by the
local community as a tourist attraction.

One of the geophysical methods that has proven
reliable in conducting geothermal exploration is the
geomagnetic method. This method is widely used
because of its sensitivity to variations in rock
magnetization, which is generally reduced in zones
experiencing hydrothermal alteration (Thilakarathna et
al., 2025; Pandarinath et al., 2023; Pandarinath et al.
2019). Geomagnetic data in the form of variations in Total
Magnetic Intensity is obtained through measurements
above the Earth's surface using a Magnetometer. In its
implementation, data processing employs the Euler
Deconvolution (DE) method as this method has proven
effective in characterizing subsurface structures,
particularly geothermal pathways controlled by fault
zones, estimating the lateral location and depth of
anomalous sources (Ghanbarifar et al., 2024a;
Ghanbarifar et al., 2024b; Pham et al., 2024). Meanwhile,
the and Second Vertical Derivative (SVD) method is used
to determine and clarify the edges and positions of the
subsurface anomaly source, and has also proven to be
effective (Ming et al., 2021).

This research reveals the existence of subsurface
structures, particularly minor faults that control thermal
activity at hot springs in the research area (manifestation
area), and is urgently to be carried out as it relates to the
Indonesian government’s plan to diversify energy
resources through the development of new, renewable,
and environmentally friendly energy, commonly known as
Green Energy. It is hoped that geothermal energy can
become a potential energy resource for development on
the island of Sulawesi.
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Fig 1. Distribution map of rock formations in Tahi Ite Village
(modified from Simandjuntak et al. (1993)).
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2. Geological Setting

The Tahi Ite geothermal manifestation is located in
Rarowatu District, Bombana Regency, Southeast
Sulawesi, and belongs to a non-volcanic geothermal
system primarily controlled by geological structures in the
form of regional and local fault networks. The geology of
this region is composed of sedimentary rock units,
metamorphic complexes, and Quaternary-aged alluvial
deposits, which record the complex dynamics of
Southeast Sulawesi's tectonic evolution (Simandjuntak et
al., 1993; Surono, 2013). Sedimentary units in this area
are dominated by sandstone, mudstone, conglomerate,
and limestone, formed in shallow marine to coastal
depositional environments. Meanwhile, metamorphic
rocks encountered include schist, gneiss, quartzite, and
amphibolite, formed by metamorphism under high
pressure and temperature conditions. These various
lithological units are intersected by fault systems that play
a significant role in controlling the flow and circulation of
subsurface fluids. The occurrence of geothermal
manifestations in the form of hot springs scattered along
fault lines that cut through sedimentary and metamorphic
rocks indicates a strong structural control influence on
geothermal fluid movement. Therefore, this system is not
directly related to volcanic activity but rather is controlled
by local geological structural conditions (Hermawan et al.,
2011; Annuar et al., 2021; Stober and Bucher, 2021).
Figure 1 displays the distribution map of rock formations
in Tahi Ite Village, which serve as the primary geological
framework controlling the occurrence of geothermal
manifestations at the study site. In general, the rock
formations found are the Langkowala Formation, the
Eemoiko Formation, and the Pompangeo Complex.

3. Research Method
3.1 Study Area

This research was conducted in Tahi Ite Village,
Rarowatu District, Bombana Regency, Southeast
Sulawesi, Indonesia. Geothermal manifestations in this
area are in the form of hot springs that emerge on the
surface through sedimentary and metamorphic rocks, and
are a non-volcanic geothermal system (Risdianto et al.,
2015). Geographically, this area is located at
approximately 4°36-4°38’ S latitude and 121°52-
121°54’ E longitude.

3.2 Geomagnetic Data Acquisition

Geomagnetic data were obtained through direct field
measurements at 656 measurement points with NO°S
orientation using 1 unit of GPM-10 Proton Magnetometer.
The measurement points were spread across 9 lines with
a distance of approximately 50 m between measurement
points and 180 m between lines. To ensure the accuracy
of the coordinates of the measurement points, GPS was
also used, in addition to being recorded automatically on
the Magnetometer unit. The measured geomagnetic data
was in the form of total magnetic intensity (TMI) values.
Measurements were carried out 4 times in repetition to
minimize interference and unnecessary short-period
magnetic fluctuations. The TMI, which represents each
measurement point, was determined based on the Mean
or Median value of the 4 repetitions. All measurement
data was stored digitally on the Magnetometer unit, and
was also recorded manually on logsheets as part of data
security and quality control.
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3.3 Data Processing

Geomagnetic data processing was carried out to
obtain magnetic anomalies, especially residual anomalies
that describe local conditions in the subsurface of the
research area, especially the presence of geological
structures that play a role in the local geothermal system.
These geological structures are mainly in the form of fault
zones. Data processing procedures follow the
geomagnetic data processing standards commonly
applied in geothermal and structural exploration, including
data quality control, geomagnetic data reduction in the
form of diurnal correction and IGRF correction, Upward
Continuation, determination of residual anomalies, and
Reduction to the Pole (RTP), Euler Deconvolution and
Second Vertical Derivative (SVD) analysis.

3.4 Data Quality Control

Prior to data processing, the quality of the
measurement data must be ensured. Data quality control
is performed to eliminate cultural noise, instrument
instability, or localized disturbances. If measurement
results show abnormal deviations from surrounding data
points, an evaluation is performed to ensure dataset
consistency. This is crucial to prevent non-geological
interference from the dataset, which could ultimately
affect the interpretation of magnetic anomalies. In
Khomutov et al. (2017), it is stated that data quality control
in geomagnetic research is essential to ensure the quality
of the research data before it is further processed.

3.5 Diurnal Correction

The correction is made due to deviations in the
intensity of the Earth's magnetic field due to differences in
measurement time and external influences such as the
effects of sunlight throughout the day. These disturbances
are incorporated into the measured geomagnetic data.
Diurnal correction AHgq is calculated based on
measurement results at the baseline station using the

formula (Salmatia et al., 2026; Ratu et al., 2025; Sariani
et al., 2024):
t =t &
AHd = (He - Ho)
te Yo

where He and Ho are the magnetic field intensities at the
end and initial of measurement points, respectively; te and
to are the time to take the measurement at the end and
initial of measurement points, respectively; and t» is the
time to take the measurement at the n-th point. The
magnetic field is said to be diurnally corrected when the
total magnetic field (TMI) is subtracted by AHa.

3.6 IGRF Correction and Total Magnetic Anomaly

To eliminate the influence of the earth's main magnetic
field which is interfered in the geomagnetic data resulting
from field measurements, the magnetic field which has
been diurnally corrected is substracted by the the
International Geomagnetic Reference Field (IGRF). The
IGRF value of the research location was obtained through
the NOAA website, which is a geomagnetic reference
model (NOAA, 2026). The total magnetic anomaly (TMA)
is calculated using the following formula (Alawiyah et al.,
2022):

AHTMA:HTMIiAHd —Hgre @)

where AHtma and Hrwi are the TMA and TMI, respectively;
and Hicrr is the IGRF value at the study site.
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3.7 Upward Continuation

Upward Continuation is used to separate regional
magnetic anomaly from total magnetic anomaly (TMA) by
projecting the total magnetic anomaly to a higher
elevation level where the influence of local residual
magnetic anomaly (LMA) is eliminated or further reduced.
In other words, this transformation reduces or minimizes
the influence of shallow magnetic sources near the
surface while maintaining the response of deeper regional
sources (Lasheen et al., 2025; Harikrishnan et al., 2023;
Okoro et al., 2021). The result of this process is the
regional magnetic anomaly (RMA). The Upward
Continuation operator is formulated as (Okoro et al.,
2021):

U yh)= hu (x',y' ,0)
- ”[X Xy -y f+@-
(3)

where U(x,y,h) is the TMA (AHtwa) at elevation h,
U(x’y’,0) is the TMA at the observation surface, and h is
the elevation level. Upward Continuation was performed
several times, raising the elevation level to 1,700 m. At
this elevation, the RMA is considered separated from the
TMA. This is indicated by stable or unchanged contour
closures.

e ]% dx' dy'

3.8 Residual Magnetic Anomaly

Residual or local magnetic anomaly (LMA) is a
magnetic field anomaly that represents local variations
due to the presence of shallow magnetic sources in the
subsurface (Abdelrady et al., 2023; Sehah et al., 2020).
In geomagnetic survey, LMA was obtained by subtracting
TMA from RMA in the frequency domain as expressed as
follows (Karim et al., 2026):

AH ya=AHpa —AHgya (4)

The residual anomaly highlights magnetic responses
related to lithological contrasts and alteration zones
structurally controlled by fault zones (Ledo-Santos et al.,
2022; El-Qassas et al., 2022). Sometimes, the presence
of low magnetic anomaly zones is found to be associated
with the presence of sediments in the zones (Mohammed
et al., 2019).

3.9 Reduction to the Pole (RTP)

Reduction to the Pole (RTP) is a transformation used
to place the residual magnetic anomaly spatially above
the geological source that caused it (Stewart, 2019; Zahra
and Oweis, 2019), and it is hoped that the dipolar
magnetic anomaly can be transformed into a monopolar
anomaly (Ghazalaa et al., 2018), thereby facilitating
interpretation. This transformation was applied to residual
anomaly that have undergone previous corrections.
Mathematically, the RTP operator is expressed as
(Stewart, 2019):

1
RTP(#)= (5)
©) [sin(1)+icos(l )cos(D — )
where @indicates the direction of the wave number, | and
D represent the magnetic inclination and declination

angles, respectively. Site magnetic inclination and
declination angles of —24.79° and 0.39°, respectively,
were used in this research.
3.10 Euler Deconvolution Method
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Euler deconvolution (ED) method was used to
estimate the lateral position and depth of magnetic
anomaly sources in the subsurface based on the Euler
homogeneity equation (Abraham et al., 2025; Ghanbarifar
et al.,, 2024a; Ghanbarifar et al., 2024b; Pham et al.,
2024), especially regarding the presence of lithological
contact and geological structure such as fault. Euler
deconvolution equation is expressed as (Ghanbarifar et
al., 2024b; Pham et al., 2024):

_ OH 1w _ OH 1 _ OH 1w
O =x, )y -y )M+ (-2, )
=N(AHRMA_HTMI) (6)

where (xo,yo0,z0) are the coordinates of the anomaly
source, Htwmi is the TMI, AHrma is the RMA, and N is the
structural index. In this study, a Structural Index of N=0
was applied to determine the existence of lithological
contact or fault zone that control the geothermal system
in the Tahi Ite manifestation area. The parameter N
characterizes magnetic anomaly source models, and
different N values represent each specific anomaly source
model as mentioned in Hosseini et al. (2025), Gamisel-
Muzas et al. (2025), Ghanbarifar et al. (2024), Reid and
Thurston (2014), and subsequent studies.

3.11 Second Vertical Derivative (SVD) Method

The SVD method was applied to sharpen shallow
magnetic anomaly features (Yusuf et al., 2022; Alhassan
et al., 2021; Obiora et al., 2018), which is useful for
delineating lithological contact and fault zone (Okpoli et
al., 2022; Ming et al., 2021) in the manifestation area. The
SVD is derived from Laplace's potential field equation for
both the gravity and magnetic fields, spatially
emphasizing high-frequency components associated with
near-surface structures. The formula is (Abdelrady et al.,
2024; Sumintadireja et al., 2018):

9*AH 9*AH  0°AH )
822 =7 aXZ + ay2

The SVD technique acts as a high-pass filter (Daoud et
al., 2025), sharpening magnetic anomaly gradients,
thereby clarifying the presence of structures that control
geothermal system in the subsurface.
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Fig 2. 3D distribution of TMI in the Tabhi Ite village geothermal
manifestation area.
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4. Results and Discussion

4.1 Total Magnetic Intensity (TMI)
Patterns and Spatial Characteristics

Distribution

Based on the results of data acquisition in the field, it
is known that the Total Magnetic Intensity (TMI) in the
Tabhi Ite village geothermal manifestation area was in the
range of 42,375.605 to 42,817.045 nT. The range of
values of 441.44 nT illustrates the differences in the
magnetic properties of subsurface rocks that are thought
to be related to hydrothermal activity, the presence of
lithological contacts, and geological structures such as
faults in the geothermal area. In 3D, the measurement
data can be observed in Figure 2, while the spatial
distribution of TMI values as a contour map can be seen
in Figure 3 at a scale of 1:15,000. It can be seen that the
TMI pattern shows lateral variations that are not
correlated with the topographic surface elevation of the
measurement location. This is as can be seen in the
figure, in addition to being seen at high elevation
locations, high and low TMI are also seen at low elevation
locations. In general, relatively low magnetic values are
found in the central part of the study area, whereas higher
magnetic values dominate the surrounding areas.

4.2 Corrections and Total Magnetic Anomaly (TMA)
Characteristics

After data processing using diurnal and IGRF
corrections, the total magnetic field anomaly (TMA)
values range from approximately —137 nT to 200 nT,
spatially shown in Figure 4. Diurnal variations over the
four day measurement period are shown in Figure 5,
which shows a trend of increasing daily fluctuations in the
Earth's magnetic field from morning to afternoon and
decreasing from afternoon to evening.
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geothermal system. The gradient pattern and distribution
of low-high anomaly zones indicate that subsurface faults
act as primary permeability pathways, allowing thermal
conduction or migration of hot fluids to reach the surface.
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Fig 5. Diurnal correction (DC) values for each measurement
point during the four day measurement period.

Figure 4 demonstrates quite contrasting anomaly
variations. The northern and western parts of the study
area are dominated by low magnetic anomaly values,
indicated by blue to green colors. These locations are
thought to be associated with rocks with low magnetic
susceptibility or those undergoing hydrothermal
alteration, which are common around geothermal
systems. In the central part, a strong anomaly gradient is
observed between low and high values, indicating
lithological changes or the presence of geological
structures such as faults that control geothermal fluid
movement. Meanwhile, higher anomaly values are found
in the eastern and southern parts, indicated by yellow to
pink colors, indicating the presence of more magnetic
rocks. The contrasting anomaly values extending or
continuing from north to south confirms the presence of a
fault or fracture zone oriented in the same direction.
Overall, the magnetic anomaly pattern in Tahi Ite Village
indicates strong structural control over the local
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Fig 6. Contour map of magnetic anomalies in the Tahi Ite
geothermal area: (a) RMA and (b) LMA.

4.3 Regional Magnetic Anomaly Derived from
Upward Continuation and Estimating Residual
Anomaly

Upward Continuation was applied to total magnetic
anomaly (TMA) to separate regional magnetic anomaly
(RMA) from total magnetic anomaly (TMA). RMA
represents anomalies caused by magnetic sources
located far below the surface. The continuation process is
carried out through 6 height levels that are performed
separately and consecutively until a representative height
level is obtained, namely at heights of 200 m, 300 m, 500
m, 800 m, 1,200 m, and 1,700 m. Each elevation to each
height level spatially suppresses the influence of shallow
or near-surface magnetic anomaly sources. The RMA
resulting from this Upward Continuation process is shown
in Figure 6a, which shows a continuous and smooth
contour pattern. Meanwhile, regional magnetic anomaly
(LMA) is obtained by subtracting TMA from RMA, and the
results can be observed in Figure 6b.

LMA is associated with shallow sources located near
the surface and tend to be local in nature. The magnetic
anomaly values for the Tabhi Ite village geothermal area,
as shown in Figure 6b, range from approximately -120 to
60 nT. Figure 6b shows that low magnetic anomalies
dominate the study area in the central part with a north-
south direction, and are thought to be hydrothermal
alteration zones associated with the migration of
geothermal fluids to the surface controlled by the
presence of minor faults locally. Meanwhile, relatively
high magnetic anomalies are located in the western and
southeastern parts of the study area, and are likely related
to lithology that is susceptible to magnetic fields. The
systematic change from high to low anomalies reflects
variations in shallow lithology and the intensity of
hydrothermal alteration in the study area.
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4.4 Reduction to the Pole (RTP) Results

The residual magnetic anomaly (LMA) obtained was
then subjected to Pole Reduction (RTP) to improve the
accuracy of determining the lateral position of the
anomaly source and facilitate interpretation. In performing
this transformation process, the magnetic inclination and
declination values of the study location were used, which
were -24.79° and 0.39°, respectively. These values were
determined using the Magnetic Field Calculators (NOAA,
2026). The RTP results in Figure 7 spatially show a more
symmetrical and centralized magnetic response contour
with a value range of approximately -320 to 100 nT. The
RTP results indicate the presence of low magnetic
anomalies that vary and extend north-south in the central
part of the study area, coinciding with the location of
geothermal manifestations on the surface. This spatial
correspondence supports the interpretation that the low
anomaly zone represents rocks that have undergone
hydrothermal alteration related to thermal conduction and
geothermal fluid activity to the surface.

4.5 Euler Deconvolution Results and Structural
Controls on Tahi Ite Geothermal Area

Euler deconvolution (DE) was applied to the LMA that
had undergone RTP, and produced a series of Euler
solutions in the form of estimates of the lateral position
and depth of the magnetic anomaly source. Based on the
Euler deconvolution results in Figure 8a for the N=0
Structural Index, several locations of anomaly sources
were identified, which are suspected to be geological
contacts or faults indicated by the distribution of Euler
points in blue, green, and light green. Clusters of Euler
points that are arranged in a linear or continuous manner
are interpreted as fault structures. In the study area, the
Euler solutions indicate that there are spatially about five
to eight minor faults with varying depths. The depth of the
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faults in the study area is grouped into four clusters as
shown in Table 1, ranging from the Very Shallow zone or
<15 meters to the Deep zone with a depth of >55 meters.
The DE results overlaid with the residual anomaly (LMA)
contour map are shown in Figure 8b, demonstrating the
conformity of the Euler solution distribution with the spatial
color change boundaries.
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Fig 8. (a) Euler Deconvolution results for N=0 Structural Index,
and (b) overlay of the Euler solutions on LMA contour map.

Table 1. Grouping of Euler depth estimates into four clusters.

No. Depth (m) Description
1 <15 Very Shallow
2 15-35 Shallow - Intermediate
3 35-55 Intermediate - Deep
4 >55

Deep

The continuous and segmented anomaly distribution
pattern as seen in Figure 8b indicates the existence of
magnetic contrast boundaries due to changes in the
physical properties of rocks that commonly form along
fault zones. In the Tahi Ite geothermal system, faults not
only act as structures that delimit rock blocks, but are also
followed by the development of minor faults as branches
or secondary fractures. The presence of a continuous
cluster of Euler points indicates the existence of faults that
have undergone hydrothermal alteration, resulting in
magnetic contrasts recorded by geomagnetic method.
The termination, offset, and repeated segmentation
patterns in the Euler results reflect the typical geometry of
discontinuous faults that often develop as en-echelon
segments. Tectonic activity, especially the activity of the
main faults located approximately 2.12 km and 5.36 km
from the geothermal manifestation in Tahi Ite Village, is
thought to control the formation of secondary faults in the
study area. Thus, the overall configuration of the Euler
results indicates that linear structures in the form of faults
are the main pathways for thermal conduction and hot
fluid migration in the geothermal system from the
reservoir to the earth's surface or in other words, which
regulate the dynamics of the hydrothermal system in the
geothermal area of Tahi Ite Village. Figure 9 exhibits that
one of the faults intersect the Tahi Ite hot spring
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manifestation, while several other faults are relatively
close to the hot spring manifestation.

@A\r Panas Tahi Ite

Fig 9. Overlay of the Euler deconvolution results on the Google
Earth Pro imagery of the study area.
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Fig 10. SVD contour map of LMA.
4.6 SVD Method and Structural Confirmation

The SVD method is spatially used to improve the
resolution of shallow anomalies, sharpen the boundaries
of lithologic contacts, and to increase the reliability of the
structural patterns of minor faults identified by the
previous use of the Euler deconvolution method in Figure
8. Figure 10 is an SVD map showing sharp gradient
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changes and alternating positive-negative anomaly
patterns on the map corresponding to lithological contacts
and minor fault zones. In the study area, it is estimated
that there are approximately six to nine minor faults visible
in the figure. As with the Euler Deconvolution results, the
SVD results also exhibit that there are one or two minor
faults that pass through the geothermal manifestation of
Tahi Ite Village and several other faults are located
relatively close to the manifestation (Figure 11). These
faults likely control the geothermal system at the study
area as a path for thermal conduction and migration of hot
fluids. The spatial correspondence between the SVD lines
and the Euler solution clusters provides strong confidence
in the interpretation results regarding the existence of
minor faults at the study site.

Fig 11. Overlay of SVD contour map on the Google Earth Pro
imagery of the study area.

4.7 Structural Interpretation Results, Outcrops, and
Geological Validation

The structural interpretation results obtained from the
Euler Deconvolution method for the N=0 Structural Index
and the SVD technique are supported by the geological
reality observed in the field. This is evidenced by the
presence of outcrops that reveal minor faults, as shown in
Figure 12. The presence of outcrops that reveal minor
faults at the study site serves as additional geological
evidence that substantially strengthens the interpretations
and findings in this study. These faults act as thermal
conduction pathways and geothermal fluids to migrate
from depth to the surface. Therefore, the Tahi Ite
geothermal system is non-volcanic in nature and is
structurally controlled by faults. In addition, this finding is
in accordance with the regional geological framework of
Southeast Sulawesi. This interpretation is supported by
the regional geological framework of Southeast Sulawesi,
which describes and provides confidence in the structural
influence of the fault system in controlling geothermal
manifestations at the study area. The agreement between
the research results obtained geophysically, observations
and realities in the field, and regional geology strengthens
the reliability of the results of this study.
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Fig 12. Rock outcrops exposed at the study area.

5. Conclusion

This study demonstrates the effectiveness of the
approach using the Euler deconvolution (DE) and Second
Vertical Derivative (SVD) methods in identifying
subsurface structures in the geothermal manifestation
area of Tahi Ite Village, Bombana Regency, Southeast
Sulawesi. The results of the study show that the Total
Magnetic Intensity (TMI) in the study area ranges from
42,375.605 to 42,817.045 nT. The range of values of
441.44 nT indicates variations in the magnetic properties
of subsurface rocks, the presence of lithological contacts,
and the influence of geological structures such as faults.
The use of the DE method for the N=0 Structural Index
and the SVD method on geomagnetic data successfully
identified the existence of a number of minor faults in the
geothermal area of Tahi Ite Village. These minor faults
were classified into four clusters based on depth, namely
faults located in the Very Shallow zone with a depth of
<15 m, faults located in the Shallow-Intermediate zone
with a depth of 15-35 m, faults located in the Intermediate-
Deep zone with a depth of 35-55 m, and faults located in
the Deep zone with a depth of >55 m. Based on the
interpretation results, it is estimated that there are around
five to nine minor faults, with around one to two of them
located directly in the geothermal manifestation zone at
the Tahi Ite hot spring. These minor faults are secondary
structures that were likely generated by the activity of the
main faults located at a distance of approximately 2.12 km
and 5.36 km from the Tabhi Ite hot spring, and are thought
to be thermal conduction pathways and hydrothermal fluid
migration to the surface. The strong spatial similarity
between the Euler solution and the SVD lines in
identifying and revealing the the presence of faults
laterally, and the presence of a number of geological
outcrops at the research site that visually reveal the
presence of minor faults, provide an illustration that the
interpreted structural model has strong validation and can
be accounted for. Overall, the results of the study show
that the Tahi Ite geothermal system is a non-volcanic
geothermal system that is structurally controlled by the
presence of minor faults in the area.
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