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ABSTRACT

West Kalimantan, Indonesia, forms part of a granitic province associated with the Southeast Asian
tin belt, characterized by felsic intrusions enriched in heat-producing elements such as uranium (U),
thorium (Th), and potassium (K). The radiogenic decay of these elements may contribute to localized
crustal heat accumulation, suggesting potential for non-volcanic geothermal systems. The Meromoh
geothermal area is one such manifestation suspected to be structurally controlled by underlying
granitic bodies. However, the subsurface architecture and the geometry of potential heat sources
remain poorly constrained. This study aims to characterize the subsurface structure of the Meromoh
geothermal system using satellite-derived gravity data integrated with two-dimensional (2D) forward
modeling and three-dimensional (3D) inversion. Secondary datasets including longitude, latitude,
elevation, and Free-Air Anomaly (FAA) were obtained from the TOPEX global gravity database and
processed to generate a Complete Bouguer Anomaly (CBA) map. The CBA values range from 15.8 to
61.7 mGal, indicating significant subsurface density contrasts across the study area. The integrated
modeling results reveal a crustal structure composed of the Kayan Sandstone Formation, Pendawan
Formation, Dasit and Bawang units, and the Pueh Granite Formation. The Pueh Granite is interpreted
as a deep-seated intrusive body extending from near-surface levels to a depth of approximately 11.6
km. Structural discontinuities and density contrasts suggest that the granite intrusion plays a key role
in controlling geothermal manifestations. These findings provide new geophysical constraints on
granite-hosted geothermal systems in West Kalimantan and highlight the importance of gravity-
based structural modeling for evaluating non-volcanic geothermal potential in radiogenic provinces.

1. Introduction

Geothermal energy represents one of the most reliable and

accumulation rather than shallow magmatic intrusions [1, 2].
Among non-volcanic geothermal environments, granite-

hosted systems have attracted growing interest. Granitic

intrusions commonly contain elevated concentrations of heat-

sustainable renewable energy resources, capable of delivering
continuous baseload power with relatively low greenhouse gas
emissions compared to fossil fuels. While geothermal
development has traditionally focused on high-enthalpy volcanic
systems associated with active magmatism, increasing attention
has been directed toward non-volcanic geothermal systems
occurring in tectonically stable or post-magmatic environments.
These systems are typically characterized by moderate
temperature regimes and are often controlled by crustal
architecture, permeability structures, and long-term heat
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producing elements such as uranium (U), thorium (Th), and
potassium (K), whose radioactive decay contributes to sustained
crustal heat production over geological timescales [3—5]. In
regions where granitic bodies are voluminous and structurally
interconnected, cumulative radiogenic heat may elevate local
geothermal gradients and support hydrothermal circulation in
the absence of active volcanism [6, 7]. However, the viability of
such systems depends strongly on subsurface geometry, depth
extent of the intrusive bodies, and the presence of structural
pathways that enable fluid circulation [8—10].
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The identification and characterization of granite-hosted non-
volcanic geothermal systems pose significant exploration
challenges. Unlike volcanic systems, where heat sources are often
shallow and geophysically conspicuous, radiogenic or deep-
seated granitic heat sources may produce subtler thermal
anomalies. Surface manifestations, such as warm springs, may
reflect structurally controlled fluid flow rather than direct
proximity to a magmatic heat source. Consequently, constraining
the crustal architecture and structural controls becomes essential
for evaluating geothermal potential in such settings [3, 11].

West Kalimantan, located in the western part of Borneo
Island, Indonesia, forms part of a granitic province associated
with the Southeast Asian tin belt. This metallogenic belt is
characterized by widespread felsic intrusions emplaced during
Late Paleozoic to Mesozoic tectono-magmatic events. The
granitic bodies in this region are geochemically evolved and
regionally associated with mineralization, suggesting enrichment
in incompatible elements. Although geothermal exploration in
Indonesia has predominantly targeted volcanic arcs along
Sumatra, Java, and Sulawesi, non-volcanic geothermal
occurrences have been reported in granitic terrains, including the
Meromoh geothermal area in West Kalimantan (Fig. 1) [12, 13].

The Meromoh area exhibits surface geothermal
manifestations in the form of warm springs, yet it lies outside the
active volcanic arc. The absence of Quaternary volcanism
indicates that the geothermal system is unlikely to be
magmatically driven. Instead, the system is hypothesized to be
structurally controlled and potentially associated with underlying
granitic intrusions. However, the subsurface configuration of
these intrusions, their depth extent, and their relationship to
regional fault systems remain poorly constrained. Without
detailed structural characterization, the role of granite bodies in
sustaining geothermal circulation cannot be adequately assessed.

Geophysical methods offer an effective approach for
investigating subsurface structures in regions where drilling data
are limited. Among these methods, gravity surveying is
particularly suitable for mapping density contrasts associated
with intrusive bodies, sedimentary basins, and basement
architecture [6, 14, 15]. Granitic rocks typically exhibit higher
densities compared to sedimentary units, enabling their detection
through gravity anomaly analysis. When combined with
quantitative modeling techniques, gravity data can provide
insights into the geometry and depth distribution of intrusive
bodies and structural discontinuities that may act as geothermal
conduits [4, 16].

Despite its advantages, gravity interpretation is inherently
non-unique. Therefore, integrated approaches that combine two-
dimensional (2D) forward modeling and three-dimensional (3D)
inversion are increasingly employed to improve model
robustness and reduce ambiguity. 2D forward modeling allows
detailed examination of subsurface geometry along selected
profiles, constrained by geological information, while 3D
inversion provides volumetric density distribution across the
broader study area. The integration of these methods enhances
confidence in structural interpretation and enables a more
comprehensive understanding of crustal architecture [17, 18].

Previous geothermal studies in Indonesia have largely focused
on volcanic systems, emphasizing magmatic heat sources and
shallow reservoirs. In contrast, granite-hosted geothermal
systems in tectonically stable or post-magmatic provinces remain
underexplored [19—21]. In West Kalimantan, existing studies
have primarily addressed regional geology and mineralization,
with limited attention to subsurface structural controls relevant
to geothermal processes. As a result, the structural framework
governing the Meromoh geothermal manifestation has not been
quantitatively evaluated using integrated geophysical modeling

[1].
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Fig. 1. Regional geological in the Meromoh geothermal area, located
in Bengkayang Regency, West Kalimantan, Indonesia, within the
geographic coordinates of 0°54’'—1°40’ N and 109°17’—110°27" E.

This study aims to characterize the subsurface structure and
structural controls of the Meromoh geothermal system in West
Kalimantan using satellite-derived gravity data integrated with 2D
forward modeling and 3D inversion. Specifically, the objectives are to:
(1) delineate density contrasts associated with granitic intrusions and
surrounding formations; (2) estimate the depth extent and geometry of
intrusive bodies beneath the geothermal manifestation area; and (3)
assess the role of structural discontinuities in controlling geothermal
fluid circulation. By integrating Complete Bouguer Anomaly mapping
with spectral analysis and multi-scale modeling, this study provides
quantitative constraints on the crustal architecture of a granite-hosted
non-volcanic geothermal system [3, 6, 16].

The findings contribute to a broader understanding of geothermal
processes in radiogenic and post-magmatic provinces, where heat
sources are less obvious than in volcanic environments. Furthermore,
the study demonstrates the applicability of integrated gravity modeling
as a first-order exploration tool for structurally controlled geothermal
systems in data-limited regions. By refining the subsurface structural
model of the Meromoh area, this work supports more informed
assessment of non-volcanic geothermal potential in West Kalimantan
and similar granitic provinces worldwide.

2. Conceptual geological setting

The Meromoh geothermal area is located in Bengkayang
Regency, West Kalimantan, Indonesia, within the coordinate
range of 0°54’'—1°40’ N and 109°17'—-110°27’ E. The study area lies
within the southwestern segment of Borneo Island and forms part
of the broader granitic province associated with the Southeast
Asian tin belt. This tectono-magmatic province is characterized by
widespread felsic intrusions emplaced during Late Triassic to
Early Cretaceous time, particularly within the Schwaner
Mountains region [6, 14, 15].

Regionally, West Kalimantan represents a stable continental
block composed of crystalline basement intruded by granitic
plutons and overlain by sedimentary successions. The granitic
intrusions are predominantly S-type to highly evolved felsic
bodies, commonly associated with mineralization and enrichment
in incompatible elements. These granites form extensive
batholiths and intrusive complexes that locally crop out at the
surface and are interpreted to extend to mid-crustal depths. Their
emplacement reflects post-collisional to extensional tectonic
processes following Paleozoic—Mesozoic convergence along the
Sundaland margin [3, 6, 16].
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Structurally, the Meromoh area is influenced by NW—-SE and NE—
SW trending fault systems that are regionally developed across
West Kalimantan. Major lineaments such as the Sintang Fault
Zone (SFZ) and related subsidiary structures are interpreted to
represent long-lived crustal discontinuities. These fault systems
likely originated from regional tectonic deformation and were
subsequently reactivated during post-magmatic crustal
adjustment. The intersection between intrusive contacts and fault
zones creates mechanical contrasts and permeability pathways
that are favorable for hydrothermal circulation [19—21].

The local stratigraphy in the Meromoh area consists of
sedimentary formations including the Kayan Sandstone
Formation and Pendawan Formation, intercalated with volcanic
and intrusive units such as Dasit, Bawang, and the Pueh Granite
Formation. The sedimentary units are composed predominantly
of sandstone, shale, and minor volcaniclastic deposits, which may
act as secondary permeability zones when fractured. In contrast,
the granitic bodies form the crystalline basement and are
interpreted to represent the primary intrusive framework
controlling crustal heat distribution.

Geothermal manifestations in the Meromoh area are
characterized by the presence of warm springs with measured
surface temperatures of approximately 29°C. Although the
observed temperature is relatively low compared to high-enthalpy
volcanic systems, it indicates active hydrothermal circulation. The
absence of Quaternary volcanic activity suggests that the
geothermal system is non-volcanic in origin and is likely governed
by long-term crustal heat and structurally controlled fluid flow
rather than shallow magmatic intrusion.

A conceptual geological model of the Meromoh geothermal
system can therefore be proposed. In this model, granitic
intrusions at depth constitute the primary crustal heat source.
Heat is transferred upward through conduction within the
crystalline basement and is locally enhanced by convective
circulation along fault-controlled permeability zones. Meteoric
water infiltrates through fractured sedimentary formations and
structural discontinuities, descends to depth where it is heated,
and subsequently ascends along fault intersections, discharging as
warm springs at the surface.

The effectiveness of this geothermal system depends on several
key geological factors: (1) the thickness and lateral continuity of
the granitic intrusions, (2) the depth extent of the intrusive bodies,
(3) the presence of structurally enhanced permeability zones, and
(4) the hydraulic connectivity between granite—sediment
interfaces. The interaction between intrusive geometry and fault
architecture is therefore critical in controlling the localization of
geothermal manifestations in the Meromoh area. This conceptual
geological framework provides the basis for interpreting gravity-
derived subsurface density contrasts and evaluating the structural
controls of the granite-hosted non-volcanic geothermal system in
West Kalimantan [19—21].

3. Method
3.1. Study area and data source

The study was conducted in the Meromoh geothermal area,
located in Bengkayang Regency, West Kalimantan, Indonesia,
within the geographic coordinates of 0°54’—1°40’ N and 109°17’'—
110°27’ E (Fig. 1). The investigation was carried out between
October 2022 and March 2023 through data processing and
modeling activities conducted at the Earth Physics Laboratory,
Physics Study Program, Institut Teknologi Sumatera.

The Meromoh geothermal system is characterized by surface
manifestations in the form of warm springs with measured
temperatures of approximately 29°C. The absence of Quaternary
volcanic activity suggests that the system is structurally
controlled and potentially associated with deeper crustal heat
sources.

This study utilized secondary gravity and topographic datasets
derived from satellite observations. Free-Air Anomaly (FAA),
geographic coordinates (longitude and latitude), and elevation
data were obtained from the TOPEX/UCSD global gravity
database (https://topex.ucsd.edu/cgi-bin/get data.cgi).
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The dataset was extracted on 10 October 2022 using the
defined geographic boundaries of the Meromoh area. The
extracted data were provided in ASCII XYZ format, consisting of
regularly gridded latitude, longitude, elevation, and FAA values.
To perform terrain correction, Shuttle Radar Topography Mission
(SRTM) data were obtained from the United States Geological
Survey (USGS). The SRTM dataset was processed using Global
Mapper to generate topographic grids in Surfer Grid format for
terrain correction calculations. Regional geological maps were
used to constrain lithological interpretation and guide density
assignment during modeling.

3.2. Gravity data processing

Initial data processing was conducted in Microsoft Excel 2019.
The FAA and elevation datasets were combined into a single
database for correction calculations. The Complete Bouguer
Anomaly (CBA) was calculated through the following steps:

1. Free-air correction (already included in FAA data).

2. Bouguer correction using an estimated average rock density.

3. Terrain correction to remove topographic effects.

The Bouguer correction was applied to obtain the Simple
Bouguer Anomaly (SBA) [14, 22, 23] using equation (1).

Ags = Agrs — (0.04193ph) ... (1)

where p is the Bouguer density (g/cm3) and # is elevation (m).

Optimal Bouguer density was determined through correlation
analysis between gravity anomaly and elevation values. The density
value minimizing correlation was selected as the representative
surface density. Terrain correction was performed in Oasis Montaj
using SRTM-derived elevation data. The terrain correction values
were then added to the SBA to obtain the (CBA) was calculated as
equation (2).

CBA = FAA — Bouguer Correction + Terrain Correction ... (2)

The corrected dataset was subsequently converted into UTM
Zone 48S coordinates for spatial analysis.

3.3. Spectral analysis and regional-residual separation

Spectral analysis was performed in Oasis Montaj to estimate the
average depth of gravity anomaly sources and to separate regional
and residual components. The Fourier transform was applied to the
CBA dataset, converting spatial-domain gravity data into the
frequency (wavenumber) domain in equation (3).

F(k) = [ f()e **dx ...(3)

The logarithmic power spectrum was plotted as log amplitude
versus wavenumber. The slope of linear segments was used to
estimate source depth, where steeper slopes correspond to deeper
sources and gentler slopes indicate shallower structures. Regional
and residual anomalies were separated using frequency-domain
filtering:

» Low-pass filter — isolates deep regional anomalies

» Band-pass filter — highlights shallow residual anomalies

Residual anomalies are interpreted to represent shallow density
contrasts related to structural features and geothermal circulation
pathways.

3.4. Two and three-dimensional forward modeling

Two-dimensional forward modeling was conducted along
selected profiles crossing significant gravity anomalies. The
objective was to estimate subsurface geometry and density
distribution consistent with observed gravity responses. Modeling
was performed using Oasis Montaj, integrating geological
constraints. A trial-and-error forward modeling approach was
applied until the misfit between observed and calculated anomalies
was minimized (error <5%). The minimum and maximum density
values obtained from 2D modeling were used as constraints for
subsequent 3D inversion modeling.
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Three-dimensional gravity modeling was performed using
Grablox 1.6e, with visualization in Bloxer 1.6e. The workflow
consisted of:

1. Initial Forward Modeling

A block model representing the study area was constructed
based on gridded Complete Bouguer Anomaly data. Major and
minor blocks were defined according to spatial resolution and
area extent.

2. Density Parameter Assignment

Density values derived from 2D modeling were assigned as
initial constraints.

3. Inverse Modeling

An iterative inversion procedure was applied to adjust
density distribution and geometry to minimize misfit between
observed and calculated gravity anomalies. Optimization stages
included:

o Base model adjustment

e Density optimization

e Occam density smoothing

e Elevation adjustment

e Occam height smoothing

The inversion process aimed to reduce residual error and obtain
a geologically reasonable subsurface density model.

3.5. Data interpretation

Interpretation was conducted qualitatively and quantitatively.
For the qualitative interpretation, gravity anomaly maps (Complete
Bouguer, regional, and residual) were analyzed to identify patterns
associated with density contrasts. High gravity anomalies were
interpreted as potential granitoid intrusions or basement highs,
whereas low residual anomalies were interpreted as fractured or
altered zones possibly associated with geothermal fluid pathways.

While quantitative interpretation, the cross-sectional models
from 2D forward modeling and volumetric density distributions
from 3D inversion were integrated with geological maps. Density
contrasts were correlated with lithological units and structural
features, particularly fault systems that may act as geothermal
conduits. The final interpretation focuses on identifying:

e Potential granite heat sources

e Structural controls (faults/fractures)

e Zones of reduced density indicative of hydrothermal

alteration

4. Results and discussion
4.1. Complete bouguer anomaly (CBA) map

The Complete Bouguer Anomaly (CBA) map represents
subsurface density variations derived from corrected gravity data.
After applying free-air, Bouguer, and terrain corrections, the
resulting anomaly reflects contrasts in rock density beneath the
surface. The processed data were projected in UTM Zone 48N
coordinates, with anomaly values ranging from 15.8 mGal to 61.7
mGal (Fig. 2).

The spatial distribution of CBA values reveals significant
lateral density contrasts across the study area. High anomaly
zones are predominantly observed in the central and southern
parts of the map, whereas relatively lower anomalies occur
toward the northeastern and localized western sectors. These
variations are interpreted to reflect differences in lithological
composition and subsurface structural configuration [24].

The Meromoh geothermal manifestation is situated within an
area characterized by relatively elevated gravity anomaly values
and corresponds spatially with the Pueh Granite Formation. This
formation consists primarily of granite, granodiorite, and diorite,
lithologies that typically exhibit higher densities compared to
surrounding sedimentary units. The presence of high gravity
anomalies in this zone is therefore consistent with the
distribution of intrusive crystalline rocks at shallow to
intermediate depths.

In contrast, the Jagoi Babang geothermal occurrence is
located within the Kayan Sandstone Formation, composed
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mainly of quartz sandstone with minor mudstone and
conglomerate intercalations. These sedimentary units generally
exhibit lower densities than intrusive granitoids. However,
localized gravity highs near Jagoi Babang suggest possible
basement uplift, shallow intrusive contacts, or structural control
influencing subsurface density distribution. Gravity anomaly
values can be broadly classified into three categories within the
study area:

e Low anomalies (15.8—31.2 mGal), interpreted as relatively
lower-density zones that may correspond to sedimentary
accumulations or structurally fractured regions.

e Intermediate anomalies (31.6—34.1 mGal), representing
transitional density contrasts between sedimentary and
crystalline units.

e High anomalies (34.6—61.7 mGal), associated with high-
density intrusive bodies or basement highs.
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Fig. 2. Complete bouguer anomaly (CBA) map in the Meromoh
geothermal area, West Kalimantan, Indonesia.

It is important to note that high gravity anomaly values do not
directly confirm the presence of a geothermal heat source.
Instead, they indicate the existence of dense subsurface materials,
which in this geological context are interpreted as granitoid
intrusions. The relationship between these dense bodies and
geothermal manifestations suggests that intrusive geometry and
associated structural discontinuities may play a critical role in
controlling hydrothermal circulation.

The coincidence between elevated gravity anomalies and
geothermal manifestations in the Meromoh area implies that the
granite intrusion likely contributes to the thermal regime of the
system. However, the development of surface hot springs is also
strongly dependent on fault-controlled permeability pathways
rather than solely on density contrasts. Therefore, integration
with structural analysis and subsequent 2D—3D modeling is
necessary to better constrain the geometry and depth extent of
the interpreted intrusive bodies.
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In Fig. 3, an overlay map of sedimentary basins and ABL can
be seen to determine the location of sedimentary basins relative
to the Meromoh and Jagoi Babang geothermal fields. The
Meromoh and Jagoi Babang geothermal fields are located outside
or between sedimentary basins with medium-to-high anomalies.
Overlaying the geological map with the sedimentary basin map
reveals that the sedimentary basins are filled by formations
dominated by mudstone and sandstone. The Meromoh
geothermal field is situated within the Pueh Granite Formation,
which is dominated by granite rock.

4.2. Spectral analysis and depth estimation

Spectral analysis was conducted to estimate the average depth
of gravity anomaly sources and to separate regional and residual
components prior to structural modeling. The method is based on
Fourier transformation, which converts gravity data from the
spatial domain into the frequency (wavenumber) domain. In the
logarithmic power spectrum, the slope of linear segments is
proportional to the depth of the causative sources, following the
relationship between exponential decay of anomaly amplitude
and source depth [20, 21, 25].

Fig. 4 presents the logarithmic amplitude plotted against
wavenumber. The spectrum exhibits two dominant linear
segments, indicating the presence of two principal discontinuity
levels within the subsurface. The regional anomaly component
was separated using a cutoff wavenumber of 0.0595, yielding an
estimated average source depth of approximately 3.9 km. This
depth is interpreted to represent deeper crustal density contrasts,
likely associated with intrusive basement geometry or large-scale
lithological variations. The residual anomaly component was
separated using a cutoff wavenumber of 0.4629, corresponding
to an estimated average depth of approximately 1.7 km. This
shallower component reflects localized density variations related
to near-surface structures such as fault zones, intrusive contacts,
or lithological boundaries.
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The distinction between these two depth levels suggests a
multi-layered subsurface structure beneath the Meromoh
geothermal area. The deeper regional component (~3.9 km) may
correspond to the upper portion of granitic intrusions or
basement highs that influence the regional thermal regime. In
contrast, the residual component (~1.7 km) likely represents
structurally controlled zones that facilitate hydrothermal
circulation and surface geothermal manifestations. The spectral
separation provides a quantitative basis for subsequent
frequency-domain filtering. By isolating the residual anomaly
field, the structural interpretation focuses on shallow features
that are directly relevant to geothermal fluid pathways, while the
regional component constrains the broader crustal architecture.

The delineation of depth boundaries for both regional and
residual components in Fig. 5 was determined based on the
coefficient of determination (R2) obtained from the spectral
analysis curves. The variation in R2 values between linear
segments indicates a clear separation between deep-seated
(regional) and shallow (residual) anomaly sources. Each linear
segment in the logarithmic amplitude versus wavenumber plot
represents a distinct discontinuity level within the subsurface
structure.
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Fig. 5. Analysis and estimation of depth.

Depth estimation of the anomaly sources was carried out by
applying Fourier transformation to the Complete Bouguer
Anomaly data using Oasis Montaj software. The slope of each
linear segment in the log-amplitude versus wavenumber domain
was used to calculate the average depth of the corresponding
anomaly source. This approach enables a quantitative separation
of regional and residual components, thereby improving the
reliability of subsequent structural interpretation.

4.3. Separation of regional and residual anomalies

Noise-free regional and residual anomaly contour maps were
generated through filtering of the Complete Bouguer Anomaly (CBA)
dataset. The separation was performed using Butterworth and band-
pass filters implemented in Oasis Montaj. The Butterworth filter was
applied to isolate the long-wavelength regional component from the
total anomaly field, whereas the band-pass filter was used to suppress
high-frequency noise within the residual field. This filtering approach
enables the separation of deep-seated anomaly sources (regional) from
shallow subsurface sources (residual), thereby improving structural
interpretation.

As shown in Fig. 6, the regional anomaly map exhibits broader
spatial coverage compared to the residual component, with anomaly
values ranging from 15.5 mGal to 60.9 mGal. The regional anomaly
displays relatively high values in the central and southern parts of the
study area, gradually decreasing toward the southeastern sector. The
elevated anomaly values in the central and southern regions indicate the
presence of higher-density subsurface rocks compared to the
southeastern area.



S. A. Situmorang & A. Said.

The Meromoh geothermal manifestation is located within a high
regional anomaly zone (approximately 40.3—60.9 mGal), represented
by pink to red colors. This area corresponds to the Pueh Granite
Formation, which is dominated by granitic lithologies. In contrast, the
Jagoi Babang geothermal manifestation is situated within a moderately
high anomaly zone (approximately 38.9—41.3 mGal), associated with
the Kayan Sandstone Formation. This formation consists
predominantly of quartz sandstone, interpreted as sedimentary rocks
derived from the weathering and erosion of granitic parent rocks.
Granite, an intrusive igneous rock typically containing 10-50% quartz,
represents the primary source material for these sedimentary deposits
[16, 26, 27].
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The residual anomaly map was obtained by subtracting the regional
component from the Complete Bouguer Anomaly dataset. As shown in
Fig. 7, residual anomaly values range from —6.3 mGal to 5.9 mGal. Low
residual anomalies (-6.3 to 0.3 mGal) are interpreted as zones of
reduced density, potentially associated with fractured, altered, or
weathered rocks that may enhance permeability. High residual
anomalies (0.4 to 5.9 mGal) likely correspond to shallow high-density
bodies, such as intrusive units or structurally uplifted basement rocks
[16, 26, 27].
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Fig. 7. Residual gravity anomaly map.

It is important to note that gravity measurements are influenced by
topographic elevation; higher elevations generally produce lower
observed gravity values due to increased distance from the Earth's
center of mass [20, 21, 25]. However, after applying Bouguer and terrain
corrections, the residual anomaly predominantly reflects subsurface
density contrasts rather than topographic effects, thereby providing a
more reliable representation of shallow structural variations [16, 26,
27].
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4.4, 2D gravity anomaly modeling

Two-dimensional (2D) forward gravity modeling was conducted
using the Complete Bouguer Anomaly (CBA) map, constrained by
regional geological data. The objective of this stage was to reconstruct
subsurface lithological geometry that is consistent with observed gravity
responses and known geological formations. Modeling was performed
using the GM-SYS module in Oasis Montaj. Three profiles were
constructed: A—A’, B—B’, and C—C’ (Fig. 8). Profile A—A’ crosses the
Meromoh geothermal manifestation, profile B-B’ intersects the Jagoi
Babang geothermal area, and profile C—C’ traverses both geothermal
manifestations.

Profile A—A’ extends approximately 9o km with a modeled depth
exceeding 12 km. The resulting RMS error for this model is 4.286%,
indicating good agreement between observed and calculated gravity
anomalies. The subsurface along this profile is interpreted to consist of
five principal formations: Kayan Sandstone (Tkk), Pendawan Formation
(Kp), Dasit—-Bawang Unit (TRJb), Pueh Granite (Kup), and Niut
Volcanic Unit (Tpn). The Kayan Sandstone (p = 1.82 g/cm3) consists
predominantly of quartz sandstone with minor mudstone and
conglomerate. The Pendawan Formation (p = 2.40 g/cm3) comprises
Early Cretaceous sedimentary rocks, including shale, siltstone,
calcareous mudstone, and minor conglomerate. The Dasit—Bawang Unit
(p = 2.61 g/cm3) is composed of volcanic rocks such as lava, breccia, tuff,
and agglomerate, with andesitic to basaltic composition and
granodioritic intrusions. The Pueh Granite (p = 2.76 g/cm3) consists of
granite, granodiorite, and diorite, representing intrusive igneous bodies.
The Niut Volcanic Unit forms the upper volcanic sequence.

The Meromoh geothermal manifestation is spatially associated with
the Pueh Granite body, which extends to significant depth. The modeled
geometry suggests that this intrusive unit may play an important role in
the regional thermal framework. Additionally, the model indicates the
presence of a structural depression near the geothermal site, potentially
facilitating fluid accumulation and circulation. Profile B—B’ extends
approximately 120 km with a modeled depth exceeding 12 km and yields
an RMS error of 4.656%. The subsurface structure along this profile
consists of seven formations: Alluvial Deposits (Qa), Kayan Sandstone
(Tkk), Pendawan Formation (Kp), Jagoi Granodiorite (TRJlj), Pueh
Granite (Kup), Serantak Volcanic Unit (Tes), and Sintang Intrusion
(Toms).

Alluvial deposits (p = 1.70 g/cm3) represent unconsolidated
sediments. The Kayan Sandstone (p = 1.94 g/cm3) and Pendawan
Formation (p = 2.49 g/cm3) represent sedimentary sequences. Jagoi
Granodiorite (p = 2.67 g/cm3), Pueh Granite (p = 2.61 g/cm3), Serantak
Volcanic Unit (p = 2.76 g/cm3), and Sintang Intrusion (p = 2.83 g/cm3)
represent intrusive and volcanic lithologies of relatively higher density.

The Jagoi Babang geothermal manifestation is interpreted to be
structurally controlled and associated with the intrusive complexes at
depth. Similar to profile A—A’, the model indicates a localized structural
depression that may enhance permeability and fluid flow. Profile C—C’
extends approximately 150 km with a modeled depth exceeding 12 km
and yields an RMS error of 4.229%. This profile intersects both
geothermal manifestations and includes five main formations: Alluvial
Deposits (Qa), Kayan Sandstone (Tkk), Jagoi Granodiorite (TRJj), Pueh
Granite (Kup), and Sekadau Volcanic—Metamorphic Unit (PzTRs).

The Sekadau Unit (p = 2.67 g/cm3) consists of metamorphic rocks
such as phyllite, quartzite, gneiss, schist, and migmatite, with minor
altered volcanic rocks and amphibolite. The Pueh Granite (p = 2.59
g/cm3) appears as a deep-rooted intrusive body underlying both
geothermal areas. Across all profiles, a consistent structural feature is
observed: major fault zones (indicated by dashed yellow lines in Fig. 8)
intersect the geothermal manifestations. These faults are interpreted as
permeable conduits that facilitate fluid migration between deep
intrusive bodies and surface hot springs.

Overall, the 2D models suggest that the geothermal system in the
Meromoh—Jagoi Babang area is structurally controlled and associated
with deep intrusive granitic bodies. However, the presence of high-
density granite alone does not confirm active heat production; rather,
the interaction between intrusive geometry and fault-controlled
permeability is likely the primary factor governing hydrothermal
circulation.
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4.5. 3D gravity anomaly modeling

Three-dimensional (3D) gravity modeling was performed to
reconstruct the volumetric distribution of subsurface density beneath
the Meromoh geothermal area. The modeling was conducted using
Grablox 1.6e and visualized in Bloxer 1.6e, based on the Complete
Bouguer Anomaly (CBA) dataset. The 3D modeling consisted of two
principal stages: forward modeling and inversion modeling. In the
forward modeling stage, an initial block model was constructed using
gridded CBA data generated in Surfer 15. The model domain was
discretized into major and minor blocks, representing the spatial extent
and resolution of the study area. Density constraints were assigned
based on values obtained from the 2D forward modeling results.

The inversion stage aimed to minimize the misfit between observed
and calculated gravity anomalies through iterative optimization. The
optimization sequence included base model adjustment, density
optimization, Occam density smoothing, elevation adjustment, and
Occam height smoothing. These steps ensured that the resulting model
achieved both mathematical consistency and geological plausibility. The
final 3D model reveals subsurface structures down to a depth of
approximately 12—16 km. Density values range between 1.0 and 3.0
g/cm3, reflecting the contrast between unconsolidated sediments,
sedimentary formations, metamorphic rocks, and intrusive bodies.

High-density zones are predominantly concentrated in the central
and southern sectors of the study area, corresponding to granitic and
granodioritic intrusions such as the Pueh Granite and Jagoi
Granodiorite. These intrusive bodies appear as vertically extensive
features that penetrate through overlying sedimentary and volcanic
units. Lower-density zones are associated with sedimentary formations
such as the Kayan Sandstone and Pendawan Formation, which likely
function as potential reservoir units due to their relatively higher
porosity and fracture potential. In addition, localized low-density
anomalies may indicate structurally weakened zones or hydrothermal
alteration.

The 3D geometry suggests that the Pueh Granite forms a deep-
rooted intrusive body extending beneath both the Meromoh and Jagoi
Babang geothermal manifestations. However, the presence of intrusive
granite alone does not necessarily confirm active heat generation.
Instead, the structural configuration and fault systems intersecting
these intrusions appear to play a crucial role in controlling
hydrothermal fluid migration. Major fault zones, identified in both 2D
and 3D models, intersect the geothermal manifestation areas and likely
act as permeable pathways connecting deep intrusive bodies to shallow
levels. These structural discontinuities enable meteoric water to
circulate downward, be heated at depth, and subsequently ascend to the
surface as warm springs [16].

Following the forward and inversion modeling stages, the three-
dimensional (3D) subsurface model was visualized using Bloxer 1.6e.
The final 3D density model of the Meromoh geothermal area is
presented in Fig. 9, showing four different viewing perspectives to
illustrate the spatial geometry of subsurface structures [16].
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The modeled density values range from 1.0 g/cm3 to 4.0 g/cm3,
reflecting significant contrasts between sedimentary units, volcanic
sequences, metamorphic rocks, and intrusive bodies. The model
consists of eight vertical layers extending to a maximum depth of
approximately 8.56 km along the Z-axis. Density variations within each
block are represented using a color scale, where contrasting colors
indicate differences in subsurface lithology and structural configuration.

Rather than relying solely on color representation, interpretation
focused on the spatial distribution and continuity of density contrasts
within the 3D volume. High-density zones are interpreted as intrusive
igneous bodies or basement highs, whereas lower-density zones
correspond to sedimentary or fractured units that may act as potential
reservoirs.

To facilitate structural interpretation, two representative depth
slices along the Z-axis were selected. These slices were chosen to capture
the overall geometry of the intrusive bodies and surrounding formations
at both shallow and intermediate depths. This approach allows
visualization of lateral density variations and their relationship to
geothermal manifestations, providing insight into the structural
controls governing hydrothermal circulation.

Density (g/em?)
Fig. 9. 3D subsurface model of the Pemali geothermal area.

Further interpretation of the 2D forward modeling results along
profile A—A’ (Fig. 10) indicates that the Meromoh geothermal area is
composed of several major lithological units, including the Kayan
Sandstone  Formation, Pendawan Formation, Dasit—Bawang
Formation, Pueh Granite, and Niut Volcanic Formation. Each formation
exhibits distinct density contrasts consistent with the gravity anomaly
response. The Kayan Sandstone Formation is characterized by a
relatively low density of approximately 1.82 g/cm3, extending to a depth
of ~2.5 km. This unit is interpreted as a sedimentary cover composed
predominantly of quartz sandstone with minor mudstone and
conglomerate. Beneath this unit, the Pendawan Formation exhibits an
average density of 2.40 g/cm3, extending to approximately 4 km depth,
consisting mainly of shale, siltstone, and calcareous mudstone.

The Pueh Granite Formation shows a significantly higher average
density of 2.76 g/cm3, extending downward to approximately 11.59 km,
and is interpreted as the principal heat-conducting body within the
system. The relatively high Complete Bouguer Anomaly values in the
Meromoh area (40.3—60.9 mGal) correlate strongly with the
distribution of this granitic intrusion. These elevated gravity values
indicate the presence of dense intrusive bodies at depth. The modeling
results suggest that the subsurface structure beneath the Meromoh
geothermal manifestation is dominated by granite that ascends through
structurally controlled pathways, particularly fault zones. These faults
act as conduits for hydrothermal fluid migration, enabling heat transfer
from the deep radiogenic granite to shallower permeable formations.

Structural analysis of Fig. 10 reveals the presence of secondary fault
structures formed due to tectonic stresses and brittle deformation.
These fractures enhance permeability within the otherwise low-porosity
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crystalline rocks. The fault zones likely serve as geothermal reservoirs
by facilitating meteoric water infiltration. In this system, meteoric water
percolates downward through permeable sedimentary layers and
fractures, is heated conductively by the underlying granitic body, and
then rises back to the surface as warm spring manifestations.

Meromoh Geothermal System

Hot Spring

28-29°C g

~Kayan Sands
t ?
1.82 gl " Mation

ndstone & Conglomerate

|
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S Meteoric Water
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Deep Crystalline Granite
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; ¥

Fig. 10. Integrated conceptual geothermal model of the Buding system,
East Belitung, illustrating intrusion-related heat generation and
structurally controlled hydrothermal circulation. Deep granitic bodies
act as radiogenic heat sources, while folded sedimentary formations
serve as permeable reservoirs. Faults and fractures facilitate upward
heat transfer and meteoric fluid convection, resulting in hot spring
manifestations at the surface.

The measured surface temperature of the Meromoh hot spring
(~28-29°C) indicates a low-enthalpy geothermal system. The relatively
modest temperature suggests that heat transfer from the granite does
not occur through direct contact with groundwater. Instead, heat is
transferred indirectly through intermediate sedimentary layers,
particularly the overlying Kayan Sandstone Formation, which acts as a
transitional heat-transfer medium. This configuration is consistent with
a structurally controlled, granite-hosted non-volcanic geothermal
system driven primarily by radiogenic heat production rather than
active magmatism.

Overall, the integration of density modeling and structural
interpretation confirms that the Meromoh geothermal system
represents a granite-dominated, fault-controlled, low-temperature
geothermal system, where radiogenic heat production within deep
intrusive bodies plays a key role in sustaining thermal anomalies. [28,
29].

5. Conclusion

This study presents an integrated interpretation of satellite-
derived gravity data combined with 2D forward modeling and 3D
inversion to characterize the subsurface structure of the
Meromoh geothermal system, West Kalimantan. The Complete
Bouguer Anomaly (CBA) map reveals gravity values ranging from
15.8 mGal to 61.7 mGal, indicating significant subsurface density
contrasts associated with granitic intrusions and surrounding
sedimentary formations. Spectral analysis estimates that the
regional anomaly sources occur at an average depth of
approximately 3.9 km, while residual anomaly sources are
located at shallower depths of around 1.7 km. These results
confirm the presence of both deep-seated intrusive bodies and
shallow structural heterogeneities influencing the geothermal
system. The 2D forward modeling along selected profiles
identifies several major lithological units, including the Kayan
Sandstone Formation, Pendawan Formation, Dasit—Bawang
Formation, and the Pueh Granite Formation. Among these units,
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the Pueh Granite exhibits the highest density (2.76 g/cm3) and
extends to depths of approximately 11.59 km. This granitic body
is interpreted as the principal radiogenic heat source within the
Meromoh geothermal system. Elevated gravity anomalies (40.3—
60.9 mGal) spatially correlate with the distribution of this
intrusive body.

Structural analysis indicates that fault zones play a critical role
in controlling geothermal fluid circulation. These fractures act as
permeability pathways that allow meteoric water to infiltrate
downward, absorb heat conductively from the granitic body, and
return to the surface as warm spring manifestations. The
relatively low surface temperature (~28-29°C) suggests a low-
enthalpy, non-volcanic geothermal system dominated by
conductive heat transfer rather than direct magmatic input. The
3D inversion model further confirms the dominance of high-
density intrusive bodies beneath the study area and reveals a
structurally controlled geothermal architecture extending to
depths of approximately 8—11 km. The integration of gravity
anomaly analysis, spectral depth estimation, and structural
modeling provides a coherent conceptual framework for
understanding granite-hosted radiogenic geothermal systems in
West Kalimantan. Overall, the Meromoh geothermal system is
interpreted as a granite-hosted, structurally controlled, low-
temperature geothermal system driven by radiogenic heat
production within deep intrusive bodies. This study highlights the
effectiveness of integrated gravity modeling for reducing
exploration uncertainty in non-volcanic geothermal provinces
and provides a geophysical basis for future geothermal
exploration in granite-dominated regions of Indonesia.
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