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ABSTRACT. Galunggung volcano is a geothermal concession area adjacent to the Karaha-
Cakrabuana concession area with a distance of around 1 km. The Indonesian Government
plans to build a power plant in 2025, so additional research is needed to support the plan.
A gravity survey could help identify permeable structures (fault) and heat sources to a
certain depth. The data processing results showed faults seen on the FHD, SVD, and ABL
residual maps, while heat sources were shown from the closed contour patterns on the
ABL, residual, and regional maps. Derivative analysis strengthens the position and type
of fault from the match between the maximum FHD value and zero SVD value. These
results identified the existence of three faults in the study area, and were all identified as
normal faults. 3D modeling gave a picture of density contrast in the research area. From
the section profile that passes through Galunggung and Telaga Bodas craters, the heat
source was interpreted as density with value 2.8-3.0 gr/cm?® and marked by orange to
red color that coincides below Galunggung crater and continued to Talaga Bodas crater at

depths below -3000 masl. This indicates that both concession areas were connected.

Keywords: Galunggung - Gravity method - Derivative analysis - 3D model.

1 INTRODUCTION

Galunggung Volcano is one of the volcanos lo-
cated in West Java and adjacent to the Karaha-
Cakrabuana concession area with the potential
for geothermal energy. Galunggung conces-
sion area was located west of Tasikmalaya (Fig-
ure 1). Galunggung Volcano itself has 264 Mwe
geothermal energy potential. Previous studies
have suggested that the Galunggung volcano
has sufficient geothermal energy and needs bet-
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ter studies (Ramadhan et al., 2016; Fadillah et
al., 2013).

In 2025, Kementerian Energi dan Sumber-
daya Mineral RI (2017), Indonesia Government
planned to build a power plant in the Galung-
gung concession area. With 264 Mwe geother-
mal energy potential and the plan 2025 to build
a power plant, various surveys, including grav-
ity surveys, were needed to support it. A grav-
ity survey was needed because it can differenti-
ate gravitation fields in various places, leading
to density (Lowrie, 2007). The author used a
gravity survey to identify the geothermal area’s
geological structures and heat sources. To iden-
tify geological structures, the derivative analy-
sis method was used to provide a better under-
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FIGURE 1. Location of Galunggung concession area.

standing and to identify heat sources, 3D mod-
eling was used to provide a better illustration.

Gravity data used for processing was ob-
tained from satellite gravity data GGMplus.
Curtin University, Australia, provided the satel-
lite data. The satellite data resolution was 7.2
arc-second or close to ~200-meter resolution
spatially (Hirt et al., 2013).

2 GEOLOGY OF GALUNGGUNG VOLCANO

Physiographically, the Galunggung volcano is
located in the Quaternary Volcanoes zone and
adjacent to the Bandung zone (depressed zone
in the middle of Java island) in the north and
Southern Mountains in the south (Van Bem-
melen, 1949). Geology structures formation in
Galunggung concession area affected by tec-
tonism in Java Island. The tectonic plate that
played an active role was the Eurasian plate
and the Indian-Australian plate (Hall, 2002).
The tectonism resulted in 3 dominant patterns
in Java. The patterns were Meratus, Sun-
danese, and Javanese (Pulunggono and Mar-
todjojo, 1994). Locally, the geological structure
in the Galunggung concession area was dom-
inated by normal faults, as seen from the Ge-
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ology Map of Tasikmalaya (Budhitrisna, 1990).
The identification of normal faults near the
Galunggung crater was supported by fumarole
in the crater’s center (Bronto, 1989). The other
geological structures (normal faults) needed to
be proven, so the gravity survey was conducted
to try to answer these.

In the Galunggung concession area, there
were 3 dominant lithology units as seen in
the Geology Map of Tasikmalaya (Budhitrisna,
1990). The 3 units were Galunggung Breccia,
Old Volcano Product (such as volcanic brec-
cia, tuff, and lava), and Young Volcano Prod-
uct (such as volcanic breccia and tuff). There
were also diorite intrusion, andesite intrusion,
and dacite intrusion. The geology map of the
Galunggung area in the geology map of the
Tasikmalaya Sheet from Figure 2.

3 METHODS

The gravity method is a method to measure and
map the variety of subsurface gravity acceler-
ation laterally (Jacoby & Smilde, 2009). In ex-
ploration, gravity acceleration is usually called
gravity. The variety that affects gravity value
is rock density. Rock density is defined as the
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FIGURE 2. Geological map of Tasikmalaya (Budhitrisna, 1990).

rock’s physical properties and results in sur-
face gravity difference. When gravity is mea-
sured, gravity acceleration g, g is proportional
to mass m, where m is the outcome from den-
sity times volume. Hence measured gravity
reflects the density and volume of subsurface
rocks. The fundamental equation for the grav-
ity method based on the law of Newton (1642-
1727) is shown in Equation 1

= o m-mgy (7 —T7p)
E(F—7) = — 1
=) |7 —T7ol |7 — 7ol @

where, F is gravity force, G is gravity con-
stant, m and m are mass, and r — rq is the dis-
tance between 2 objects (Lowrie, 2007).

3.1 Derivative analysis

Derivative analysis was used for fault determi-
nation. The First Horizontal Derivative method
(FHD) is used to determine the position and
the Second Vertical Derivative (SVD) method
for determining fault type. First Horizontal
Derivative is the value of gravity anomaly
changing horizontally. The changing anomaly
at body contact has a sharp characteristic in the
form of the maximum value of FHD (Blakely,
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1995). So that it can be applied to indicate
a geology structure border based on gravity
anomaly, the peak point (maximum point)
from the FHD curve could be associated with
the fault or subsurface geology structure bor-
der. The second Vertical Derivative method is
used for determining fault type based on the
value of the SVD calculation. The value deter-
mines whether the fault is normal or reversed
(Jacoby & Smilde, 2009). SVD acts as a high-
pass filter, and the equation is derived directly
from the Laplace equation for surface gravity
anomaly (Jacoby & Smilde, 2009).

3.2 3D modelling

The purpose of 3D modeling was to charac-
terize subsurface geological conditions based
on density values. The method used was
3D inversion based on Pirttijarvi (2008). The
iterative calculation is needed to obtain the
optimum model matching the data observa-
tion. Softwares used for gravity 3D modeling
were Grablox & Bloxer (Pirttijarvi, 2008). The
Grablox program combines 2 inversion meth-
ods for calculation. The inversion methods
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were Singular Value Decomposition and Occam
inversion.

4 RESULTS AND DISCUSSION

The results from gravity data processing were
3 maps. The maps were the Complete Bouger
Anomaly map (Figure 3), Regional Anomaly
map (Figure 4), and Residual Anomaly map
(Figure 5). The complete Bouger Anomaly
(CBA) map resulted from gravity data pro-
cesses from satellite data until gravity anomaly
was obtained through several data corrections.
From the CBA map, high anomaly values can
be seen in the high terrain of the Galunggung
area marked with purple to red color and mak-
ing a closure pattern. This indicated a high-
density contrast in the subsurface, possibly a
heat source. High anomaly values can also be
found in the southern part of the map. The high
anomaly values are interpreted as derived from
lithologies, such as limestone and plutonic in-
trusion. This interpretation is supported by the
geology map of the Tasikmalaya sheet from Fig-
ure 2.

The Regional anomaly map resulted from
the CBA map values being filtered with an up-
ward continuation filter and only showing the
regional anomaly. The regional anomaly was
also defined as a low-frequency anomaly in
the deeper position from the surface. From
the regional anomaly map, high anomaly
values can also be seen in the high terrain
area of the Galunggung volcano. These high
anomaly values are interpreted as heat sources
and estimated as connected with the Karaha-
Cakrabuana concession area at a deeper eleva-
tion. The residual anomaly map resulted from
the CBA values subtracted with the regional
anomaly values and called residual.

This residual map was used in interpreting
shallow geothermal system components and
usually affects a fairly small area. Permeable
structures on the residual map are interpreted
in areas with low anomaly values, namely dark
blue ones, forming an elongated anomaly pat-
tern, the presence of geothermal manifesta-
tions, and coinciding with the estimated fault
position from the geology map of Tasikmalaya
sheet (Budhitrisna, 1990), as well as the ex-
istence of the river. The authors interpreted
three existing faults in the study area based on
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the earlier parameters. Further analysis was
needed to interpret the structure thoroughly, so
derivative analysis was conducted.

4.1 Derivative analysis

The results from the derivative analysis were
2 maps and several graphs. First Horizon-
tal Derivative and Second Vertical Derivative
maps (Figure 6). These 2 maps were derived
from derivative analysis done on a regional
map. Figure 6 shows the results of the struc-
tural interpretation in the study area, estimated
from the results of the first horizontal deriva-
tive (FHD) and second vertical derivative (SVD)
processing.

Interpretation is based on the maximum
value on the FHD map marked in red to pur-
plish red. Interpretation is also carried out by
looking at the results of SVD processing. The
drawing of the estimated structure line is based
on looking at the zero value on the SVD map
and the maximum value on the FHD map. If
there was only zero value on the SVD map,
but on the FHD map, there was no maximum
value, then there was no structural response in
that area. The interpretation of the two maps
can only estimate the position of the existing
structures in the study area. Analysis of SVD
and FHD charts is required to estimate the
presence of a permeable structure.

SVD analysis was used to estimate the type
of structure in the study area. This analysis was
in the form of a graphic profile of the incision
results on a regional anomaly map which was
then calculated until the SVD and FHD values
were obtained. One of the results of the inci-
sion is shown in Figure 7. From this profile, it
can be seen that the maximum value of the FHD
graph coincides with the zero value on the SVD
graph; this indicates the existence of a fault.
Then from the calculation results, the value of
ISVD| min, which is 0.000104 mGal/m?, is
smaller than the value of I1SVDI| max, which
is 0.000194 mGal/m?, so the existing fault is in-
terpreted as a normal fault. Other incision pro-
files also supported this. Four of the six inci-
sion profiles showed the same result: normal
fracture. This result means it supported the al-
leged fault from the Tasikmalaya sheet’s geol-
ogy map, which interprets the area as a normal
fault, as seen in Figure 2.
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4.2 3D model

The result from the 3D modeling process was
the 3D model of the study area (Figure 8), sec-
tions A-A’ (Figure 9), sections B-B’ (Figure 10),
and the conceptual model of the Galunggung
geothermal area (Figure 11). Creating a 3D
model starts with picking up the base map for
the inversion process and, in this case, the re-
gional map. After that, parameters must be set
to ensure robust modeling. Lastly, an inversion
process was carried out to obtain the 3D mod-
eling. As shown in Figure 8, the result has 8.38
RMS (Root Mean Square) data error and 2.12%
of model error. The density variation of the 3D
model varied from 1.90 to 3.00 g/cm?. To inter-
pret the heat source of the 3D modeling results,
as shown in Figure 8, was still quite difficult to
do because the model was still a 3D model as a
whole. Therefore, it was necessary to make an
incision on the 3D model. The incisions made
were trending north-south and in places that
were the focus of the research, namely in the
area near the summit of the Galunggung vol-
cano. This incision was along the Y-axis coordi-
nates, as shown in Figure 9. As can be seen in
Figure 9, the position of the incision was shown
on the 3d model with the point of view of the
eagle eye and marked with black dots. The
backward modeling graph along the sections
was also displayed with matching curves be-
tween the measured and computed data over-
laps with an rms data error value of 0.0838%
and an RMS model of 0.0212%. In addition, the
incision position was displayed in the 3d model
or in the major block to provide a 3D view of the
incision position.

In the cross-section of the cut results, it can
be seen that at elevations above 0 km sea level,
the densities vary from 1.90 gr/cm? to 2.86
gr/ cm?®, marked in blue to red. This incision
passes through two areas that are the focus of
the research, namely the Galunggung peak and
the Telaga Bodas crater. The peak of Galung-
gung is marked with a black triangle. The den-
sity that appears around the peak of Galung-
gung has a blue-to-red contrast. The green to
orange color on the edge of the Galunggung
peak is interpreted as the caldera of Galung-
gung volcano, and the blue color in the center
is interpreted as the collapse of andesite brec-
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cias products from Galunggung volcano, which
has been shown on the Tasikmalaya Geologi-
cal map (Budhitrisna, 1990). In addition, the
orange-to-red density beneath the Galunggung
peak is thought to be a source of heat. Although
the orange-to-red density extends over the en-
tire section, the heat source from the Galung-
gung mountain was limited along the black dot-
ted line only, and the one extending to the entire
section is thought to be fresh intrusion rock.

Because of the software and computer re-
strictions, another 3D model was created for
geothermal interpretation, and only the incision
was shown. The incision was section B-B” as can
be seen in Figure 10. This section then acted
as a base for making the conceptual model of
the Galunggung geothermal area (Figure 11).
The conceptual model was also made by infer-
ring from various sources (Henley & Ellis, 1983;
Tripp et al.,, 2002; Reynolds, 2011; Yosephin et
al.,, 2019). The estimated reservoir boundary
and cap rock were interpreted from the B-B’
cut profile. The cap rock was estimated to be
at the top of Galunggung volcano and up to a
depth of 0 masl, which was seen from the den-
sity contrast in blue with a value of less than 2.3
gr/cm® and was thought to be a tuff whose rock
porosity has been filled with altered minerals.
The geothermal reservoir of the Galunggung
CA was estimated to have a density of around
2.3-2.6 gr/cm?® which was indicated by a green
density contrast. The Galunggung reservoir’s
upper limit was 0-2 km above sea level, marked
with a dotted line in Figure 11. The reservoir
rock of the Galunggung geothermal system was
interpreted as a volcanic breccia that has de-
veloped due to normal fault activity near the
Galunggung crater. The volcanic breccia has
a density value of about 2.3-2.6 gr/cm?. For
a 2.6-2.8 gr/cm? density, it was interpreted as
andesite rock extending from the Galunggung
volcano to the southern part of the Galung-
gung volcano. The andesite rock is thought
to be a hot rock that is a source of heat in the
Galunggung volcano area. However, the heat
source of the Galunggung geothermal system
was estimated to have a density of more than
2.8 gr/cm? with a density contrast in red and its
location below the summit of the Galunggung
volcano.

The heat source was estimated to be be-
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low 2 km above sea level, with the center of
the intrusion just below the Galunggung crater
marked by red contrast. The interpretation of
heat sources was supported by the presence of
geothermal manifestations in the form of fu-
maroles and hot springs (acting as an upflow) in
the crater of the Galunggung volcano (Bronto,
1989). The heat source is estimated to be an-
desite, with a density between 2.8 gr/cm? to 3.0
gr/cm?. The reservoir zone marked in green
was near the intrusion center. The cap of the
Galunggung CA geothermal system is thought
to be a tuff that interacts with the condensate
layer (formed above the reservoir zone), and
then the minerals alter and fill the rock porosi-
ties to form an impermeable layer. A black
dashed line marked the estimated boundary be-
tween the cap and the reservoir zone.

The reservoir zone was considered a vol-
canic breccia rock, a product of the Galunggung
mountain, caused by intrusions and normal
faults on the summit of the Galunggung vol-
cano. These faults were supported by analysis
of the FHD and SVD derivatives of the zone B
section (Figure 6), which showed a normal frac-
ture response. The normal fault was considered
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a permeable structure that leads to an exit from
the upflow zone of the Galunggung geothermal
system. This was supported by the Cipanas hot
spring’s appearance near the Galunggung vol-
cano’s summit. From the response to the grav-
ity data in the concession area of Galunggung
volcano, it was estimated that the developing
geothermal system was similar to the geother-
mal system of the Karaha-Cakrabuana WKP,
considering its location adjacent to the Karaha-
Cakrabuana WKP. In addition, the two conces-
sion area heat sources might have been con-
nected at depths below 2 km above sea level,
as shown in section A-A’ (Figure 9).

5 CONCLUSION

The gravity anomaly pattern that showed the
presence of a fault was an anomaly pattern that
forms an alignment and has a contrast value
that changes quite drastically from low to high
or vice versa, as seen in the residual map. While
for heat sources, the anomaly pattern was indi-
cated as a gravity anomaly that forms a closure
pattern and is marked with a high value, as seen
on the CBA map, residual and regional maps.
The continuity pattern of the permeable struc-
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ture in the study area was characterized by the
presence of a zero value on the SVD value that
coincides with the maximum FHD value and
is supported by a continuous anomaly pattern
from low to high values. From the analysis re-
sults, the existing faults in the study area were
normal.
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