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ABSTRACT 

This study investigates the geothermal manifestation in Sungai Medang, located within a volcanic arc depression zone of the Sungai Penuh 

Basin, formed by right-lateral movement along the segmented Siulak Fault. The exploration approach combined electrical resistivity and 

gravity methods to delineate subsurface features associated with hydrothermal activity. The electrical resistivity survey employed a dipole–

dipole configuration with 25-meter spacing over a 400-meter line and the complementary gravity data from the Topex/Poseidon satellite 

altimetry were processed into Simple Bouguer Anomaly (SBA) maps. Resistivity survey revealed low-resistivity zones (11.6–99.1 Ωm), 

interpreted as hydrothermal fluid pathways and altered volcanic formations aligned with known fault traces, particularly the Siulak Fault 

segment. The gravity data indicated NW–SE trending density contrasts. Spectral analysis identified residual anomalies (~1.5 km depth) 

consistent with shallow sedimentary infill and structural depressions, while deeper regional anomalies (~38.7 km) reflected basement 

variations. The spatial correlation of resistivity lows, gravity lows, and surface manifestations suggests active geothermal upflow along 

structurally controlled zones. This study highlights the importance of integrating geophysical datasets for geothermal resource evaluation and 

offers a methodological framework applicable to similar underexplored regions in Indonesia and beyond. 
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INTRODUCTION 

Sumatra Island is part of the Indonesian 
archipelago that lies along the active volcanic arc 
known as the "Ring of Fire" (Hamilton, 1979). The 
chain of volcanoes on Sumatra has given rise to 
numerous geothermal surface manifestations, which 
are closely linked to the tectonic activity of the 
segmented Sumatran Fault System (SFS) 
(Natawidjaja, 2017). Despite a theoretical 
geothermal potential of 5845 MWe and a proven 
reserve of 4975 MWe, only 12 MWe is currently in 
operation, making Sumatra’s geothermal utilization 
the lowest compared to Java and Sulawesi, despite 
Sumatra having higher resource availability 
(Kasbani, 2009; Simandjuntak, 1986). 

Kerinci Regency, located in the central part 
of the Barisan Mountains, is one of Sumatra's 
geothermal hotspots. It hosts several well-known 
manifestations, including Semurup hot springs, 
Lempur hot springs, and geysers at Grahosikai and 
Grahobuangit. These features are part of the 
Kerinci-Lempur geothermal field operated by 

Pertamina (Badan Geologi, 2012; Muraoka et al., 
2010). The geothermal systems in this region are 
typically volcano-tectonically controlled, strongly 
influenced by both the Siulak Fault segment and 
nearby volcanoes such as Mt. Raya, Mt. Kunyit, Mt. 
Tujuh, and Mt. Kerinci (Kasbani, 2009; Muraoka et 
al., 2010). These geothermal occurrences are 
distributed linearly along the Sumatran Fault Zone 
and associated Quaternary volcanic centers within 
the Bukit Barisan Physiographic Zone (Kasbani, 
2009). 

Tectonically, Sumatra forms part of the 
Sundaland Block, an extension of the Eurasian Plate 
(Simandjuntak, 1986; Hamilton, 1979). The 
tectonic evolution of Sumatra has been driven by the 
subduction of the Indo-Australian Oceanic Plate 
beneath the Eurasian Continental Plate, which has 
produced extensive magmatic arc volcanism and 
complex crustal deformation patterns (Hamilton, 
1979; Carlile & Mitchell, 1994; Hall, 1997, 2002). 
Indonesia’s magmatic arcs are known to host 
geothermal systems and mineralization zones, with 
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Figure 1. Regional Geology of the Geothermal Manifestation Area in Sungai Medang and Surroundings 
(Kusnama et al., 1992). The focus of this study is indicated by the red box. 

the Sunda-Banda Arc being one of the most 
prominent. Kerinci, as part of this arc, represents an 
important geothermal zone where fault-volcano 
interaction plays a key role in geothermal circulation 
(Muraoka et al., 2010). 

From a physiographic perspective, Kerinci 
Regency lies within the Barisan Mountain Zone and 
the Sumatran Fault Zone (Van Bemmelen, 1949). 
This positioning places it within a structurally 
complex terrain. The region’s stratigraphy consists 
of Jurassic–Cretaceous basement rocks (e.g., Peneta 
Formation, composed of tuffaceous shale, slates, 
and limestones), overlain by Tertiary volcanic and 
intrusive rocks (e.g., Kumun Formation, granites, 
and granodiorites), and capped by Quaternary 
volcanic products (e.g., Pengasih Formation, 
andesitic-basaltic volcanic units, and alluvial 

deposits) (Kusnama et al., 1992; Rosidi et al., 
1996). 

The geothermal manifestation study in Sungai 
Medang, one of geothermal manifestation spot in 
Kerincy Regency, utilized integrated geophysical 
techniques, including electrical resistivity and 
gravity surveys, to investigate subsurface anomalies. 
The measurement locations are illustrated in Figure 
1, focusing on the red box area of interest. Although 
this study primarily employs electrical resistivity and 
gravity methods, it is recognized that other 
geophysical techniques such as seismic and 
magnetotelluric (MT) surveys play vital roles in 
geothermal exploration. Seismic analysis, for 
instance, is essential for understanding fault 
segmentation and structural deformation, with 
studies such as Sefiyanti et al. (2024), Gemilang 
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(2024) and Resta et al. (2021) in the Kerinci region 
providing valuable frameworks for assessing active 
tectonics. Similarly, MT methods have proven 
effective in detecting deep conductive zones 
associated with geothermal reservoirs, as 
demonstrated in the Songa-Wayaua geothermal 
prospect by Pratama et al. (2021). Nevertheless, 
this research focuses specifically on the integration 
of resistivity and gravity data to delineate subsurface 
structures and hydrothermal pathways in the Sungai 
Medang geothermal area. 

The gravity method, widely used in 
geothermal exploration, is instrumental in defining 
lithological variations and identifying deep structural 
features such as faults, horsts, and grabens that are 
often associated with hydrothermal systems 
(Mulugeta et al., 2021; Soengkono et al., 2013). 
Gravity data in this study were derived from the 
Topex/Poseidon satellite, particularly the Free Air 
Anomaly (FAA) dataset. FAA is corrected for 
elevation to account for gravitational differences due 
to topographic height, with further reduction into 
Simple Bouguer Anomaly (SBA) maps using a 
reference density (Telford et al., 1990). 

In addition, electrical resistivity surveys, one 
of the most frequently used methods in geothermal 
prospecting, were applied to identify hydrothermal 
fluid zones characterized by low resistivity 
signatures. Numerous studies have confirmed the 
effectiveness of resistivity in mapping clay caps, fault 
zones, and geothermal aquifers (Mahardika et al., 
2020; Mulugeta et al., 2021; Soengkono et al., 
2013). 

 
METHOD 

This study adopts an integrated geophysical 
approach using electrical resistivity imaging and 
gravity anomaly mapping to investigate the 
geothermal characteristics of the Sungai Medang 

region. Both methods are non-invasive, cost-
effective, and capable of revealing critical subsurface 
features such as hydrothermal alteration zones, 
structural weaknesses, and lithological contrasts-
essential parameters in geothermal prospecting. 
Electrical resistivity methods are widely used for 
subsurface characterization due to their sensitivity to 
changes in fluid content, lithology, and porosity. 
Recent studies demonstrate their application in 
environmental and energy contexts, such as 
detecting groundwater contamination (Meng et al., 
2024; Dewi et al., 2020) and mapping coal seams 
(Resta & Novrianti, 2023; Bharti et al., 2022). In 
geothermal exploration, resistivity surveys are 
especially useful for delineating clay caps, fracture 
zones, and hydrothermal upflow pathways (Domra 
Kana et al., 2015; Anderson et al., 2000).  

Subsurface investigation through resistivity 
measurements involved the dipole–dipole 
configuration, chosen for its superior lateral 
resolution in detecting near-surface anomalies, 
utilizing a 400-meter survey line with 25-meter 
electrode spacing. Current and potential dipoles 
were repeated five times, with electrodes implanted 
10–15 cm into the ground. Electrical resistivity data 
were acquired using a resistivity meter and 
processed through Res2Dinv software to generate 
2D pseudo sections. The resulting models provided 
the lateral and vertical distribution of resistivity 
values, with resistivity interpreted using the rock 
classification.  

The gravity method was employed to map 
subsurface density contrasts that correlate with 
geological structures such as faults, basement 
uplifts, and sedimentary basins. In geothermal 
settings, gravity anomalies can highlight features that 
either facilitate or impede the migration of 
hydrothermal fluids. This study used secondary 
gravity data sourced from Topex/Poseidon satellite 

Figure 2. 2D Resistivity Cross-Section 
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altimetry, made available through the UC San Diego 
gravity server (http://topex.ucsd.edu/cgi-
bin/get_data.cgi). The satellite employs radar 
altimetry to measure the Earth’s surface elevation 
with high precision, especially in oceanic and coastal 
regions (USGS, 1997). The data set included: 
Geographic coordinates (X, Y), Free Air Anomaly 
(FAA) values, and Surface topography. 

FAA values, which account for elevation 
variations, were corrected to obtain the Simple 
Bouguer Anomaly (SBA) using a reduction density 
of 2.6 g/cm³. This correction process eliminates the 
gravitational effect of topography, allowing a clearer 
view of subsurface mass distribution. The average 
distance between data points was approximately 2 
kilometers, enabling regional-scale interpretation 
with moderate resolution. 

In geothermal exploration, such gravity-
electrical resistivity overlaps often mark permeable 
zones where deep fluid circulation is possible. 
Furthermore, residual anomalies were used to 
isolate shallow targets, while spectral filtering 
helped differentiate regional tectonic trends from 
local geothermal structures. 

 
RESULTS AND DISCUSSION 

The 2D resistivity model generated from the 
dipole–dipole survey reveals subsurface resistivity 
variations along a northwest–southeast trending line 
located near the Sungai Medang manifestation zone. 
The inversion results provide imaging down to a 
depth of approximately 300 meters. As shown in 

Figure 2, resistivity values range from 11.6 Ωm to 

21,355 Ωm, indicating substantial geological 
heterogeneity. 

The low-resistivity zones (11.6–99.1 Ωm), 
illustrated in dark to light blue, are interpreted as 
conductive layers potentially associated with 
hydrothermal fluids. These anomalies are likely 
caused by a combination of geological and 
hydrological factors, including faults and fracture 
systems, changes in lithology and rock formation, 
presence of conductive pore fluids. 

According to Telford et al. (1990), these 
resistivity values correspond to clay-rich 
volcaniclastics or saturated fractured zones, typical 
features in geothermal settings. The alignment of 
these conductive zones with the interpreted fault 
trace suggests the presence of structural controls on 
upward fluid migration. This correlation is further 
supported by gravity anomaly data, which show 
structural segmentation in the same area. The 
conductive anomalies are interpreted as active 
pathways for deep thermal fluids to rise toward 

shallow aquifers, resulting in observable hot spring 
manifestations at the surface. 

The gravity survey, aimed at detecting weak 
structural zones and density contrasts, used satellite-
derived Free Air Anomaly (FAA) values. These 
were corrected using a Bouguer reduction with a 
standard density of 2.6 g/cm³ to produce the Simple 
Bouguer Anomaly (SBA) map. The SBA values 
across the study area range from −54.9 to 13.1 
mGal, reflecting both vertical and horizontal density 
variations in the upper crust. The anomaly pattern is 
dominated by a NW–SE trend, mirroring regional 
tectonic trends such as the Sumatra Fault System. 
Notably, high gravity anomalies correspond to dense 
intrusive or basement rocks, low anomalies (−54.9 
to −20.9 mGal) suggest low-density lithologies such 
as volcanic infill or sedimentary grabens. The 
contrast between high and low gravity zones 
indicates lithological boundaries and fault-controlled 
segmentation in the subsurface. This provides 
evidence of graben-type structures and intrusive–
sedimentary contacts, which are important in 
geothermal reservoir formation and recharge 
dynamics. 

To estimate the depth of anomaly sources, 
spectral analysis was applied to the Bouguer anomaly 
data. The resulting log power spectrum plots 
(Figure 3) show two distinct linear segments, 
regional anomalies correspond to long-wavelength, 
deep sources (~38.7 km depth) and residual 
anomalies represent short-wavelength, shallow 
structures (~1.54 km depth). The cut-off wave 
number (KC) was used to define the spatial filtering 
window, allowing the construction of separate 
regional and residual anomaly maps. 

A prominent negative residual anomaly 
(−20.9) to (−1.0) mGal) was identified near the 
geothermal manifestation zone (Figure 4). This 
anomaly coincides with a volcanic alteration zone of 
the Bandan Formation (Tb), the Siulak Fault 
segment, and the flanks of Mt. Lumut volcanic 
center. The negative anomaly is interpreted as 
resulting from a density contrast between low-
density alluvium and pyroclastic fill (e.g., from the 

Figure 3. Spectral Analysis Graph 
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Bandan Formation) and adjacent denser lithologies 
such as granites of the Seblat Formation and 
granodiorites of the Sungai Penuh Formation. 

Structural analysis shows this anomaly aligns 
with NE and NW-trending fault segments, 
reinforcing the idea that these structures control 
fluid upwelling and surface geothermal 
manifestations. The geometry and alignment of the 
residual anomalies indicate fault zones acting as 
preferential pathways for hydrothermal fluid 
migration. 

The results of both geophysical datasets 
highlight a strong correlation between structural 
segmentation and geothermal upflow. The low-
resistivity zones, aligning with gravity low 
anomalies, reflect conductive and low-density 
pathways that enable vertical migration of 
hydrothermal fluids. These results strongly support 
the conclusion that the geothermal activity at Sungai 
Medang is governed by a complex interplay between 
fault segmentation, volcanic architecture, and 
lithological layering, similar to structural controls 
observed in the Humenné Unit from Jacko et al. 
(2022). 
  
CONCLUSIONS  

The resistivity survey successfully delineated 
subsurface zones with low resistivity values ranging 

from 11.6 to 99.1 Ωm, which were interpreted as 
hydrothermal fluid pathways or altered zones rich in 
conductive minerals such as smectite. These 
anomalies coincided spatially with surface 
manifestations, including hot springs and 
hydrothermal alteration features, and were aligned 

with known fault traces, particularly the Siulak Fault 
segment. This alignment suggests that the faults act 
as conduits for fluid ascent, facilitating geothermal 
activity near the surface. 

Gravity data further supported these findings. 
The Simple Bouguer Anomaly (SBA) values varied 
from −54.9 to 13.1 mGal, with significant negative 
residual anomalies observed in areas surrounding the 
manifestation zone. These low-density anomalies are 
interpreted as resulting from young volcanic infill 
and sedimentary grabens, which act as thermal 
reservoirs. Spectral analysis of the gravity data 
indicated that regional anomalies were sourced from 
depths of approximately 38.7 km, while residual 
anomalies, more closely tied to geothermal 
processes, were located at depths of about 1.54 km. 
These findings provide a stratified understanding of 
the subsurface and support the interpretation of 
multi-level geothermal potential. 

Based on these findings, it is recommended 
that future geothermal exploration in similar 
geological settings adopt an integrated geophysical 
approach early in the exploration process. Electrical 
resistivity methods should be prioritized for imaging 
shallow hydrothermal systems, while gravity surveys 
can provide essential information about deeper 
structures and lithological contrasts. Spectral 
filtering techniques should also be employed to 
differentiate regional tectonic influences from 
shallow geothermal features. The methodological 
synergy observed in this study reduced interpretive 
ambiguity and increased the reliability of subsurface 
models, thereby improving the likelihood of 
successful drilling. 

Figure 4. (Left) Regional Anomaly Map and (Right) Residual Anomaly Map 
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In a broader context, the Sungai Medang case 
highlights the importance of structural-geological 
integration in geothermal exploration. Areas with 
significant fault segmentation and Quaternary 
volcanic activity, such as those found throughout the 
Bukit Barisan of Sumatra, are especially well-suited 
for this approach. Given the high cost of drilling and 
the exploration risk associated with geothermal 
development, especially in developing regions, the 
cost-effective nature of these geophysical methods 
makes them highly suitable for early-stage 
prospecting and resource evaluation. 
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