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of the Sumatra basin. Plate tectonic activity results in fault structures and forms
the statigraphy of rock formations such as Alluvium, Ranggam, Klabat Granite,
Tanjung Genting, and the Pemali Complex. The fault structure was identified as

a control structure for the radiogenic geothermal system. Radiogenic
geothermal heat originates from the decay of radioactive elements in granite
rocks (Klabat Granite formation) on Bangka Island. The purpose of this
research is as a preliminary survey of the presence of Slag and Cracker
geothermal energy on Bangka Island using the gravity method. The research
data used is secondary data obtained from the Topex satellite (Topography
Experiment). The results of the modeling show that many fault structures in the
study area are found around the Slag and Cracking geothermal manifestations.
The fault structure is also accompanied by a breakthrough by the lower layer
of rock into the rock above it. So that the fault structure can control the Slag and
Crack radiogenic geothermal system.
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INTRODUCTION

The Eurasian Plate, as a plate that is still active, has an influence on the tectonic setting of Bangka
Island, namely the formation of structures on Bangka Island, Indonesia and has an influence on the
formation of basin areas, either lowering or lifting the base of the basin in the original rock area
(Lange etal,, 2018; Liu et al.,, 2021; McCafftrey, 2009). The effects that occur due to the subsidence or
uplift of the basin floor are changes in the depositional environment (sedimentation process) (Hanus
etal, 1996; Malod et al., 1995).

The Sunda Shelf connects lands such as the Kalimantan region to the west through the Natuna
region to the Malay Peninsula region, in the southern part includes the Java Sea region, in the north-
western part of Java and the most north-eastern part of Sumatra. Bangka Island and the small islands
around Sumatra Island are included in the Sunda Shelf (Hanus et al., 1996; Lange et al,, 2018). The
Sunda Shelf is a landform on the Eurasian continental plate which was formed due to the influence
of climate change during the Pleistocene-Holocene period and the influence of changes in sea level.
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When there is a shift and collision between tectonic plates such as the India-Australia, Pacific,
Philippine, Eurasia Plates, and changes in sea level cause sea levels to fall. Then the Sunda Shelf was
formed as a very wide swamp land on the Eurasian continental plate (Hochstein & Sudarman, 1993;
Utama et al., 2021).

Bangka Island is part of the Sunda Shelf, as well as the outer part of the Sumatran back arc
basin. The basin will become an economical reservoir/trap for hydrocarbons as a place for the
sedimentation process to take place. One of the sedimentation processes that occurs is producing
granite rocks. The granite on Bangka Island is experiencing changes caused by the presence of faults
or joints, so that the granite can break through the bedrock on Bangka Island (Siregar & Kurniawan,
2018).

Granite rocks in Bangka were formed from the freezing of magma during the Triassic-Jurassic
period, which is included in the Klabat Granite group. Granite and sandstone rocks that have been
intensively deformed are thought to have fractured joints so that they become good geothermal
reservoirs. Granite rocks in the Bangka area contain the main concentrations of Cerium (Ce),
Lanthanum (La), Yttrium (Y), and Thorium (Th) which form the mineral monazite (ADB & Bank,
2015; Deon et al,, 2015; Giggenbach, 1991; Meijaard et al., 2019). Research related to the study of
monazite and zircon deposits in the Cerucuk Belitung area. The presence of radioactive minerals was
detected at quite high radioactivity values of 40-400 c/s, the radioactivity of heavy minerals was 250-
1,000 c/s, the Th content (100-6,545 ppm) was higher than U (15-639.4 ppm) in monazite. Monazite
has resistant properties with a density of 4.4-5.5 gr/cm3, monazite will be transported with other
minerals and sedimented in the new environment (Darma et al,, 2010; Millot et al., 2007; Nafian et
al,, 2022; Winters & Cawvey, 2015).

The geothermal control structure on Bangka Island was formed due to the tectonic activity of
the Eurasian Plate. Tectonic activity causes forces to deform rocks and forms structures in the form
of folds, faults, joints and fractures. The geothermal control structure is an access that connects the
heat source to the manifestation of geothermal heat on the surface. Thus, a non-volcanic geothermal
system in the research area can be formed (Hochstein & Sudarman, 1993; Kruger et al., 1977; Millot
etal, 2012; Utama et al,, 2021).

Examples of non-volcanic geothermal systems in the Bangka Island region are the Terak and
Kerak geothermal systems. The Slag and Cracking geothermal heat gives rise to manifestations in the
form of hot water (61.8°C) thought to be caused by the presence of hot meteoric water that has
accumulated below the surface. Research on non-volcanic geothermal systems, especially radiogenic
geothermal systems such as Slag and Kerak, is currently being studied by many researchers. One of
the studies in the Keretak geothermal area was by previous research with the aim of obtaining
information on the subsurface structure, distribution of granite and the volume of granite in the area
of radiogenic geothermal manifestation. The research results obtained were in the form of subsurface
structures of sedimentation layers, granite intrusions (depth 0-200 m with a granite volume of
around 3,937,934.02 m3) and river sediments (Darmawan et al., 2015; Matsubaya et al., 1973;
Takahashi et al., 2000; Timperley & Vigor-Brown, 2010; W.F. Giggenbach, 1992).

In 2017, the Ministry of Energy and Mineral Resources described the potential of the Terak
geothermal area as a non-volcanic geothermal system (Utama et al., 2021). The rocks that make up
the area are surface deposits, metamorphic rocks (Permo-Carboniferous), old plutonic igneous rocks
in the form of granite (Triassic) and alluvium deposits. The structures that dominate the area are
normal and strike-slip faults in a northwest-southeast direction and strike-slip faults in a northeast-
southwest direction. This occurs because of the uniqueness of the radiogenic geothermal source
which originates from radioactive decay in the constituent rocks in the Terak and Krek areas (Hanus$
et al, 1996; Hochstein & Sudarman, 1993; Lange et al., 2018; Liu et al., 2021; McCaffrey, 2009). In
addition, the uniqueness of the radiogenic geothermal system in the study area does not cause any
alteration rocks to form. This research is important to carry out because there is not much research
that discusses geothermal slag and cracks, especially using the gravity method.
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METHOD

The time of the research was carried out from December 2021 to May 2022. The research location in
this final project was Central Bangka Regency, the Terak and Keretak geothermal location. The
research area is in a geographical position with coordinates 2°0'48.78"-2°30'27.01" LS and
105°42'10.58"-106°27'3.66" BT. Data collection was carried out on March 20 2022 at 08.00 WIB.
Data collection was not carried out directly in the research area, but used secondary data from Topex.
Then the research data processing was carried out at the Earth Physics Laboratory, Physics Study
Program, Science Department, Sumatra Institute of Technology, Lampung, Indonesia.
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Figure 1. Research location map ; the red line is the research area (modify from
https://id.wikipedia.org/wiki/Pulau Bangka )

Data Type

The research data in this final project is in the form of secondary data taken from Topex
satellite imagery. The data required in processing the gravity method is elevation data from
measurement points and Free Air Anomaly value data. Data collection can be done via the website

http://topex.ucsd.edu/.

Data analysis

This research uses secondary data using Topex satellite image data. The research process was
carried out using customized software to be able to process gravity data. Microsoft Excel software
was used to combine topographic and gravitational data and calculate simple Bouguer correction
values. Oasis Montaj software is used to carry out terrain correction, create anomaly maps, anomaly
separation, spectrum analysis and two-dimensional modeling. Surfer16 software was used for data
griding, the latter software Grablox 1.6 e was used for three-dimensional modeling and opened using
Bloxer 1.6 e for advanced interpretation with Complete Bouguer Anomaly data.

RESULTS AND DISCUSSION

Bangka Island is in the Sunda Shelf area (Sundaland Craton of the Eurasian Plate). Tectonic activity
by the Eurasian Plate causes forces that can deform rocks on Bangka Island. The deformation of the
rock forms structures in the form of joints, folds, faults and straightness. Joint and fault structures
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are related to folding. Folds in the rock produce rock formations, namely, the Ranggam Formation
and the Tanjung Genting Formation. This rock formation is thought to be the result of deformation
of rocks older than the Mesozoic era. Based on geological data obtained from the Indonesian SHP
map, using QGIS tools a regional geological map and statigraphy of the research area was created.
Statigraphy of rock sedimentation results on Bangka Island produces the formation of the Sandstone
Unit (TRp), Permisan Granite Unit (T]g), surface deposits in the form of Swamp and Beach Deposits
Qs) and Alluvium (Qa).

Bouguer Anomaly Analysis

The results of the Baouguer anomaly analysis were obtained after calculating gravity data. The
complete Bouguer anomaly map is used to display the distribution pattern of subsurface rock density
values. Figure 2 is the result of a complete Bouguer anomaly map of the area around the Terak and
Cracking geothermal area in UTM coordinates, with a range of anomaly values shown on a bar scale
ranging from 23.7 to 40.9 mGal. The anomaly value from the complete Bouguer anomaly map is
comparable to the rock density value in the study area.
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Figure 2. Bouguer anomaly map of the area around the Terak and Kerak geothermal areas

Low anomaly values indicate the presence of low rock density, such as in the blue to light blue
areas which are identified as the dominance of the Alluvium formation. It is estimated that the
alluvium formation has a density of between 1.63 gr/cm3 to 2.0 gr/cm3, because it consists of swamp
deposits (sand and mud), gravel, gravel and clay. Then high anomaly values with red to pink colors
indicate the presence of high rock density, such as granite rock intrusions found on Bangka Island
with density values of 2.5-2.81 gr/cm3. The granite on Bangka Island is estimated to be Early Triassic
in age and was deposited in shallow seas (Hanus et al.,, 1996; Hochstein & Sudarman, 1993).

Spectrum Analysis

Spectrum analysis is carried out by converting spatial data into spectral data in the wavelength
domain, using the Fourier transformation. Fourier transformation produces estimated data on the
depth of the anomaly source, wave number and logarithm of amplitude (Li et al., 2016). Spectrum
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analysis was carried out to determine each depth value of the residual, regional and noise areas in
the research area.

In order to obtain an estimate of the depth of these three areas, a curve was created between
the wave number and the logarithm of the amplitude. Then three gradient values are created on the
curve which show three regional areas, residual and noise with different values. After that, the
coefficient of determination is also displayed which is used as the boundary of the three regional
areas, residual and noise. The relationship curve between the wave number values and the logarithm
of the amplitude is shown in Figure 3.

Figure 3 shows that there is an area bounded by a black line. If you look at the Fourier
transformation data, you will see that the intersection of the black line and the wave number axis is
0.03. This value is the boundary value between the regional area and the residual. Then, to find out
the wavenumber value that limits the residual and noise areas, the blue line intersects the
wavenumber axis at a value of 0.17. The waveform value as the limit will be used to estimate the
depth value of the anomaly source by drawing a vertical line on the spectrum analysis curve and
depth estimation curve as shown in Figure 4.

10 y=-113.47x+9.296
R2=10.9919

= -0§.506x + 7.7731

0 2 = 0.9969
P 0 0.2 0.4 0.6 0.8 1 12
= 3 y=-10.519x - 3.4539
R2=0.9493
-10
-15
20

Wave Number (K)
—8—Regional —®— Residual Noise

Figure 3. Spectrum analysis curve
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Based on Figure 4 and adjusted to data from Fourier transformation values, the value with a
wave number of 0.03 is at a depth of 6.8 km, which is assumed to be the regional and residual area
boundary. Then at a wave number of 0.17 the depth is estimated to be 2.7 km, which is the boundary
between the residual and noise areas.

Separation of Residual and Regional Anomalies

Separation of residual, regional and noise anomalies is carried out through a complete
Bouguer anomaly map. A complete Bouguer anomaly map needs to be separated from each
of its components, so that the source of the shallow anomaly as a residual anomaly and the
source of the deep anomaly as a regional anomaly can be identified. One way to separate
residual and regional anomalies is by using the bandpass filter and lowpass filter methods.
Bandpass filters are used to separate residual anomalies, by removing wave numbers with a
certain range of values so that they can display a residual anomaly map. Then using a
lowpass filter, regional anomaly separation is carried out by removing high wave numbers
to display low wave numbers, namely the regional anomaly map. The residual anomaly map
is shown in Figure 5 and the regional anomaly map is shown in Figure 6.
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Figure 5. Residual anomaly map

Based on the residual anomaly map, it can be seen that the anomaly values can be
divided into three patterns, namely low anomaly, medium anomaly and high anomaly. Low
anomaly values range from -2.9 mGal to -1.1 mGal, with a blue to light blue color orientation.
The moderate anomaly section has values in the range of -1.0 mGal to 0.9 mGal, marked in
green to orange. High anomaly sections are shown in red to pink, with values ranging from
1.0 mGal to 3.4 mGal.

Low anomalies on the residual anomaly map are identified as Alluvium formations,
swamp deposits and quartz sand. Where the rocks that make up the formation have low rock
density values such as sand, clay, gravel, gravel and mud. Meanwhile, the high anomalies
contained in the residual anomaly map are identified as granite rock breaking through the
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rocks above it such as sandstone, malihan sandstone, clayey sandstone and claystone with
limestone lenses which form the Tanjung Genting formation. The Tanjung Genting
Formation is of Triassic age which has experienced folding, spreading and faulting, so that it
can be intruded by granite.
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The regional anomaly map is divided into two parts of anomaly values, namely low
anomalies and high anomalies. The northeastern to northern parts of the study area are
areas with low anomalies with blue to light blue colors. The range of low anomaly values is
24.0 mGal to 29.1 mGal. Meanwhile, high anomalies are in the east, southeast, south, west
and northwest positions in the study area, with anomaly values of 34.9 mGal to 39.8 mGal.
Colors that indicate high anomalies are represented by orange to pink.

The research area consists of the Klabat Granite formation, Tanjung Genting and the
Pemali Complex at deeper depths. The high anomalous value was identified as granite which
is part of the Klabat Granite formation. There are more patterns of high anomaly values on
regional anomaly maps than patterns of low anomaly values, this is because the Klabat
Granite formation dominates the study area at deeper depths. Meanwhile, the pattern of low
anomaly values found on the regional anomaly map is identified as sandstone that forms the
Tanjung Genting formation. Where the Tanjung Genting formation consists of rock material
that is less conductive over granite.

CONCLUSION

As a result of complete Bouguer anomaly modeling, the subsurface layers of the area around the
Terak and Kerak geothermal areas consist of several rock formations and fault structures. Rock
formations from the first layer are Holocene alluvium formation, Triassic Tanjung Genting, Triassic-
Jurassic Klabat granite, Pemali formation as bedrock. There are many fault structures in the research
area around the Slag and Cracking geothermal manifestations. The fault structure is also
accompanied by a breakthrough by the lower layer of rock into the rock above it.
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