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Abstract

According to the Ministry of Energy and Mineral Resources 2021 data, first ranks in the list of 10
provinces with the lowest electrification ratio in Indonesia. One of the geothermal prospect areas in East
Nusa Tenggara is Mount Sirung. This research was conducted in August 2022 which aims to identify
geothermal systems. Gravity data was obtained from the GGMPIlus 2013 with a total of 3819 data. Land
Surface Temperature (LST) is used as supporting data with a surface temperature approximately 26.1 —
29.5°C because there are manifestations of hot springs at Mount Sirung. Based on the derivative
analysis, there are four trajectories in the northwest-southeast direction with reverse faults and normal
faults as the geothermal control system of Mount Sirung. The results of 3D gravitational inversion
modeling are estimated that there is clay interspersed with breccia with a density of 2.34 —2.39 g/cm?
as clay cap at 0 — 600 m, and lava interspersed with sandy tuff as a reservoir with a density of 1.98 —
2.03 g/cm?® at 700 — 1400 m. Based on these results and discussions, Mount Sirung is proven to have
geothermal potential which can be utilized as a source of electrification in East Nusa Tenggara.
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Introduction East Nusa Tenggara ranks first in the list of
10 provinces with the lowest electrification
Indonesia is a country that is crossed by the ratio in Indonesia at 88.81% (Ministry of
Ring of Fire so that it has a very large Energy and Mineral Resources, 2021).
geothermal resource, covering about 40% Therefore, the government is obliged to
of the world's potential or 29,544 MW. conduct a geothermal demand survey as
However, only about 7.2% is used as one of the sources of geothermal power
domestic electrical energy (Gunawan et al., plants, especially in East Nusa Tenggara
2021). Geothermal potential is shown by (Yudha et al., 2022).
the existence of 117 active volcanoes
scattered throughout the country, one of One of the geothermal prospect areas in
which is the East Nusa Tenggara area with East Nusa Tenggara is Mount Sirung,
a total potential of 980 Mwe spread over located on Pantar Island at the eastern end
about 24 locations (Ministry of Energy and of the Flores to Alor Island range. Mount
Mineral Resources, 2017). Sirung has a hypothetical geothermal
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resource of 45 Mwe. The manifestation of
Mount Sirung consists of 4 hot springs
located on a fault line with an average
spring pH of 6.03 — 7.17 (Hadi & Kusnadi,
2015).

Research conducted by Wachidah &
Minarto (2018) using the gravity method
with derivative analysis shows that there is
a northeast-southwest direction fault as a
rock constituent of breccia tuff, lapilli tuff,
tuff, dacite breccia, and andesite intrusion
(Wachidah & Minarto, 2018). Another
study conducted by Sidik et al. (2014) using
the gravity method showed that there were
three faults on three measurement tracks as
an early indication of gold mineralization
(Sidik et al., 2014). The mineralization
process is the result of a chemical process
between hydrothermal fluid and the rocks it
passes through, so that primary minerals are
converted into alteration minerals which
can be an indication of geothermal prospect
(Rey & Poluakan, 2020).

Based on the background and previous
research, this study aims to analyze the
geothermal potential of Mount Sirung
based on surface temperature, the type of
faults that control the geothermal system,
and the subsurface structure of the
geothermal manifestation of Mount Sirung
using geophysical methods. One of the
geophysical methods that can be used is the
gravity method with derivative analysis
correlated with Land Surface Temperature
(LST) data.

Regional Geology of Mount Sirung

The lithology of Mount Sirung is composed
of the Upper Miocene aged Alor Formation
(Tmpa) in the form of lava, breccia, and
coarse-grained passive tuff. Old volcanic
rocks (Qtv) of Pleistocene age in the form
of lavas, breccias, agglomerates, tuffs,
volcanic sands, and rocky passive tuff.
Coral limestone (QI) and young volcanic
rocks (Qhv) of Holocene age are lava,
breccia, agglomerate, pebbles, sand, and
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volcanic ash (Koesoemadinata & Noya,
1969).

The geological structure at Mount Sirung
(Figure 1) is a northeast-southwest trending
fault with a distribution of volcanic rocks
and limestone that overlies the overlying
volcanic rocks. Another structure caused by
volcanic processes is the caldera around the
summit of Mount Sirung which forms a
permeable zone where fluid accumulates as
a geothermal prospect location (Sugianto et
al., 2017; Rahadinata et al., 2019).
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Figure 1. Geological map of Mount Sirung
(Koesoemadinata & Noya, 1969).

Literature Review

Geothermal system is a system of heat in a
certain volume that comes from magma
kitchens, intrusion bodies, or heat due to
earth's core pressure. The geothermal
system component (Figure 2) consists of
three main components, which is the
presence of permeable reservoir rock, the
presence of fluid that carries heat, and the
heat source itself (Ashat et al., 2019). The
freezing of magma as a heat source
produces igneous rocks that conductively
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flow heat to the surrounding rocks. The
propagating heat heats the fluid in the
reservoir (Luthfi et al., 2020). The fluid
moves upward through the hot springs to
the surface to meet the clay cap as a
geothermal fluid trap (Sarkowi et al., 2021).
Based on the geological structure,
geothermal systems in Indonesia are
divided into three, which are volcanic,
volcanic-tectonic, and  non-volcanic
geothermal systems (Salam et al., 2017).

Surface ———

[} Heat transfer by
i1 convection

Heat transfer
by conduction

5N

geothermal system (Saptadji, 2001).

The gravity method is a method of
measuring gravitational acceleration in the
subsurface due to differences in rock
density and differences in the earth's
topography. The gravity method is based on
Newton's Il law:

F=G=3" ()
where F is the force on m; due to mp
(Newton), G is the gravitational constant, m
is the mass (kg), and r is the distance
between mz and my (m) (Imran et al., 2021).

Bouguer Correction (BC) is carried out to
reduce the effect of gravity between the
measurement point and the reference point,
with the equation:

BC = 0.04193 x p x hmGal/ft (2)

where p is the Bouguer mass density
(kg/m® and h is the height of the
measurement point from the spheroid plane
(m) (Sugita et al., 2020).

Free Air Correction (FAC) is performed
due to altitude differences with the
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assumption that mass is concentrated at the
center of the earth, with the equation:

FAC = 0,3086 x h mGal ©)

where h is the point height (m) (Sugita et
al., 2020).

Terrain Correction (TC) is carried out
because of the increase or decrease in
measured gravity values due to irregular
altitude, with the equation:

TC = 0.0;}1193p {(rz g
Jr2+ 12— + LZ} 4)

where n is the number of compartments, r1
is the inner radius (m), r2 is the outer radius
(m), and L is the height difference of
measurement points (m) (Reynolds, 1997).

First Horizontal Derivative (FHD) is an
analysis of the rate of change of horizontal
gravity (mGal/m) based on the limit of
gravity density contrast to show the
geological structure of faults, with the
equation:

L= (@ +(%) ©

8)? @)2 i
where ( 6x) and ( 5, are the first
derivative of gravity with respect to x and y

data (Yulistina, 2018; Sehah et al., 2021).

Second Vertical Derivative (SVD) is a
second derivative that can analyze shallow
geological structures by interpreting the
zero value as the outline of the rock body,
with the equation:

8%hg _ (62Ag SZAg) )

5z2 5x2 5y2

where gmax > Gmin 1S the normal fault and
Imax < Gmin 1S the reverse fault (Ibrahim
etal., 2022; Permana et al., 2022a).

Land Surface Temperature (LST) is the
average surface temperature controlled by
the energy balance of atmosphere, material
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emissivity, and thermal properties of the
surface, with the equation:

BT
{1+[(’%T) meal}
where Ts is land surface temperature (°C),
BT is brightness temperature (°C), A is the

emission wavelength, € is emissivity, and p
is spectral radiance (Imran et al., 2021).

Ts = (7

Inversion modeling is an analysis process
with a statistical approach in the form of
curve matching between observational data
and mathematical models (Hartini, 2020),
with the equation:

m = F~(d) (8)

where F is the operator associated with the
model, m is the model calculation data, and
d is the model observation data (Permana et
al., 2022b). In this research, the inversion
process is used to analyze the subsurface
according to the results of the projection of
the gravity anomaly of the research area.

Methods

The research was conducted in August
2022, with the research location at Mount
Sirung, East Nusa Tenggara (9058450.00 m
S —-9073207.00 m S and 621089.00 m E —
633540.00 m E) UTM 51 L zone (Figure 3)
suspected of  having geothermal
manifestations (Ministry of Energy and
Mineral Resources, 2017).

The data used is gravity satellite was
obtained from the GGMPIlus 2013. The
amount of data used is 3819 data, consisting
of gravity disturbance (gd), geoid, and
Digital Elevation Model (DEM), corrected
with gravity correction that produces
Complete Bouguer Anomaly (CBA).
Residual anomalies generated from
anomaly separation are used to analyze
fault types with derivative analysis in the
form of First Horizontal Derivative (FHD)
and Second Vertical Derivative (SVD) and
for processing 3D inversion modeling of
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subsurface gravity data of Mount Sirung
(Figure 4).

The results of gravity data processing are
correlated with Land Surface Temperature
(LST) data and regional geological data to
analyze the subsurface geothermal structure
of Mount Sirung.

L
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Figure 3. Research area (Google Earth, 2022).
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Figure 4. Research flowchart.

Results and Discussion

Complete Bouguer Anomaly (CBA) Map

Based on the results of the data processing,
the complete Bouguer anomaly map
(Figure 5) shows three different anomaly
patterns. The low anomaly of 100.34 —
111.73 mGal is suspected as a lava
interspersed with sandy tuff. The medium
anomaly of 113.91 — 15552 mGal is
suspected as a breccia. The high anomaly of
157.29 - 170.87 mGal is suspected as a clay
interspersed with breccia.
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Figure 5. Complete Bouguer Anomaly (CBA)
map.

Anomaly Separation

The contour of regional anomaly (Figure 6)
is smoother than residual anomaly because
it represents deep subsurface material,
while residual anomaly represents shallow
subsurface material. Separation of the
anomalies is carried out with a Bandpass
filter. Regional anomaly value ranges from
99.69 — 169.43 mGal.

WY

W

- Peta Anomali Regional ]
| Gunung Sirung, Nusa Teagoara Temur ]

Figure 6. Regional anomaly map.

In the residual anomaly (Figure 7), low
anomaly value of -5.07 — (-2.02) mGal is
suspected as a lava interspersed with sandy
tuff. The medium anomaly of -1.76 — 1.79
mGal is suspected as a breccia. The high
anomaly of 1.97 — 5.22 mGal is suspected
as a clay interspersed with breccia.
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Figure 7. Residual anomaly map.

Land Surface Temperature (LST) Map

Geothermal potential can be recognized
based on the distribution of surface
temperature values that are higher than the
surrounding  area  because  surface
temperature is associated with subsurface
heat sources (Cahyono et al., 2019). Based
on the results of overlaying the land surface
temperature map (Figure 8) with the
residual anomaly map, Mount Sirung has a
surface temperature approximately 26.1 —
29.5°C. This area has a high temperature
because there are manifestations of hot
springs.
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Figure 8. Land Surface Temperature (LST) mép.
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Derivative Analysis

Derivative analysis is carried out to
determine the type of fault using the First
Horizontal Derivative (FHD) (Figure 9)
and Second Vertical Derivative (SVD)
(Figure 10) methods by analyzing the
maximum and minimum derivative values.
The slicing trajectory is carried out in a
northwest-southeast direction
perpendicular to the main fault source
(Figure 11). The main fault of Mount
Sirung (Table 1 and Figure 12) is suspected
to be at the contrast of low anomaly and
high anomaly, which produces hot springs
in the northeast and southwest directions
(Koesoemadinata & Noya, 1969).

s
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Figure 9. First Horizontal Derivative (FHD) map.

|

[__Peta Second Vertical Denvative (SVD) |
g —— 1
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Figure 10. Second Vertical Derivative (SVD) map.

Figure 11. Fault plotting on First Horizontal
Derivative (FHD) map.

Table 1. Fault analysis on Mount Sirung.

. SVvD Coordinates

Line Fault Type Max Min E N

A-A’ P1 Reverse fault 1 3.1 628825.9 9059799.2
P1 Normal fault 1 0.77 629194.8 9061560.5

B-B’ P2 Normal fault 1 0.69 629561.1 9061220.1
P3 Reverse fault 0.12 0.27 629927.3 9060879.7
P1 Reverse fault 0.04 0.14 630953.3 9063462.1

c-C P2 Reverse fault 0.16 0.32 631259.6 9062946.2
P3 Reverse fault 0.14 0.53 632280.5 9061226.3
P1 Normal fault 0.27 0.12 631733.5 9064423.6

D-D’ P2 Normal fault 0.6 0.09 632033.5 9064023.6
P3 Normal fault 1 0.43 632453.5 9063463.6
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Figure 12. Fault analysis on Mount Sirung: (a) line A-A’, (b) line B-B’, (c) line C-C’, (d) line D-D’.

3D Gravitational Inversion Modeling

Inversion modeling is used to identify the
subsurface based on residual anomaly maps
in three-dimensional form. This study
consists of five slicing passes perpendicular
to the main fault source (Figure 13-17).

The blue-green colored layer is suspected
as a reservoir in the form of lava
interspersed with sandy tuff with a low
density of 1.98 — 2.03 g/cm®. The white-
yellow colored layer is suspected as a
breccia with medium density of 2.16 — 2.21
g/cm?. The red colored layer is suspected as
a clay cap in the form of clay interspersed
with breccia with high density of 2.34 —
2.39 g/cm?.

Lava interspersed with sandy tuff has a
large porosity that can store and drain large
amounts of fluid. Clay interspersed with
breccia is an impermeable layer, which can
only store a limited amount of fluid because
it has a small porosity (Darsono etal., 2017;
Sugito et al., 2019).

Based on Table 2, the results of 3D
gravitational inversion modeling show that
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there is agreement between the processed
data and the theory. The low-density of
Mount Sirung reservoir is located under a
higher density clay cap as a trap for
geothermal fluids (Sarkowi et al., 2021).
The existence of geothermal manifestations
can also be proven by the presence of hot
springs (Figure 15) in the northeast of the
study area (Koesoemadinata & Noya,
1969).

The presence of faults is characterized by
the contrast of rock density between high
density and low density. The fault will form
a fracture to control fluid movement as the
geothermal manifestation of Mount Sirung.

Isosurface is a representation of the value
distribution of a material in three-
dimensional form to see the distribution of
each material (Sari et al., 2022). Top of
reservoir modeling is depicted with an
isosurface density of 2.19 g/cm®. This
modeling can show the distribution of lava
interspersed with sandy tuff in the Gunung
Sirung geothermal manifestation area
(Figure 18).
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Table 2. Depth analysis geothermal structure on Mount Sirung.

Depth (m)
Line Reservoir Clay cap
(Lava interspersed with sandy tuff) (Clay interspersed with breccia)
L1-L1 600 — 1200 0-400
L2-12 1000 — 1200 0-800
L3-1L3 800 — 1400 0-600
L4-14° 700 — 1200 0-600
L5-L5 500 — 1400 0-400
Y.m Observed gravity data Gutn Gravity data, mG, ine: S
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Figure 13. 3D gravitational inversion modeling line L1 — L1’ on Mount Sirung.
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Figure 14. 3D gravitational inversion modeling line L2 — L2’ on Mount Sirung.
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Figure 17. 3D gravitational inversion modeling line L5 — L5’ on Mount Sirung.
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Figure 18. Isosurface top of reservoir on Mount Sirung.

Conclusion

Based on the Land Surface Temperature
(LST) map, the research area at Mount

Sirung has a surface temperature
approximately 26.1 — 29.5°C, which is a
high temperature because there are

manifestations of hot springs.

Based on derivative analysis with the First
Horizontal Derivative and Second Vertical
Derivative methods, there are four
trajectories with rising faults and normal
faults as the geothermal control system of
Mount Sirung in the northwest-southeast
direction.

Based on 3D gravity inversion modeling, it
is suspected that there are three types of
rocks, which is clay interspersed with
breccia as a clay cap with a density of 1.5
2.34 — 2.39 g/cm® at 0 — 600 m, and lava
interspersed with sandy tuff as a reservoir
with a density of 1.98 — 2.03 g/cm?® at 700 —
1400 m.
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