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A B S T R A C T   

Mount Sinabung is a Pleistocene-to-Holocene stratovolcano, and its 2010 eruption was the first active activity 
after having been dormant for a long time. Enhanced pressure, intensity, and thermal energy of Sinabung ac
tivities hit several geothermal resources and triggered Tinggi Raja geofluid in Simalungun. This study aims to 
identify Sinabung eruption influences the appearance and point-transfer movement of geothermal features in 
Tinggi Raja. This research method builds a field model analysis (FMA) by integrating the quantitative and 
qualitative approaches focused on historic earthquakes activities (HEA) from the Center of Volcanology and 
Geological Hazard Mitigation (CVGHM), time-series satellite observation of land surface change, and land sur
face temperature, the residual anomaly of the geothermal reservoir, high altitudes and chemical-drop in pH, and 
point-transfer movement. HEA shows fluctuating activities in eruption level or Volcanic Eruption Index (VEI) 
scale. FMA offers fewer residual anomalies from Southwest to Northeast in 100 m–600 m coverage 5 km2 un
derground than pre-hypothesis indicates the anomaly zone associated with the fracture zone; however, the li
thology of the geothermal system is categorized as limestone rock and has no active faults. It indicates a low 
magnetic field anomaly in geothermal resources that does not correlate volcanic manifestation to geothermal 
trigger. Distance, type, and felt volcanic earthquake and eruption are less direct impact between the eruption of 
Mount Sinabung and the displacement of springs at Tinggi Raja.   

1. Introduction 

Mount Sinabung is an active stratovolcano with a 2460 m located in 
Karo district North Sumatera over Sumatera faults and supervolcano 
Toba (Kabupaten Karo, 2021). No past signs of exploding, but it became 
involved in early 2000; the first eruptions from Mt Sinabung produced 
magmatic gases in 2010 (BNPB, 2013; BNPB, 2016). Those eruptions of 
Mount Sinabung began with a shallow earthquake to mainshock in 
September 2010 and released high gas pressure with an volcanic erup
tion column height of approximately 500 m, leaning on the southeast 
(Center for Volcanology and Geological Hazard Mitigation, 2020). 
Twenty-eight cases of Mount Sinabung dramatically erupted in a vertical 
plume consisting of a super-heated ash cloud and tephra suspended in 
gases with high-speed movements to the slopes. Around 3000 residents 
of Mount Sinabung evacuated. Significant eruptions continue today. 

Based on geology, North Sumatera has complex structural and 
physical characteristics of rocks in many collisions of the Eastern 
Eurasian and Western Australian destructive plate boundary. The 

conditions that cause a fault, fracture, and folding path over North 
Sumatera through an Alas – Karo segmentation in 390 km result in 
volcanic eruptions, landslides, and geothermal triggering (Kabupaten 
Karo, 2021). High fault, fracture, and folding path pressure cause 
geothermal manifestation under the Earth’s surface. The geothermal 
area can manifest in jetting hydrothermal fluids, an area of high heat 
flow dissolved underground until the gas pressure exsolve as the hot 
springs approach the Earth’s surface (Primulyana et al., 2019). The 
frequency of hydrothermal explosions (steam and hot spring) has a heat 
flow of 50–75 ◦C (Yan et al., 2022). 

Many research observed that the Simalungun regency has potentially 
hydrothermal resources in Silau Kahean district, Tinggi Raja, and Dolok 
Morawa since 2006 (Sundhoro et al., 2006). This area has a temperature 
of around 180 ◦C, categorized as sensible enthalpy with potential energy 
resources around 49 to 50 MWe. The hydrothermal vent in Tinggi Raja 
moves approximately 40–80 m from the last hotspot (Kab Simalungun, 
2021). Previous research monitored hydrothermal in Yellow-stone Na
tional Park by utilizing thermal infrared from remote sensing technology 
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(Neale et al., 2016). The previous analysis illustrated that GIS and 
aeromagnetic data map changes the structure and characteristics of 
hydrothermal matter in Wadi Allaqi, Egypt (Mohamed El-Desoky et al., 
2021). Eskandari et al., 2015, utilized remote sensing technology using 
Landsat image to implicate volcanological dynamics in Damavand, Iran 
(Eskandari et al., 2015). Marwan et al., 2021, conducted indirect con
necting faults and hydrothermal systems in Seulawah volcano from 
magnetotellurics structure (Marwan et al., 2021). 

Based on existing studies, conceptual models have proved the 

emergence of hot springs adjacent to normal fault scarps to establish 
fluid circulation patterns and build possible thermal anomalies. 
Involving magmatic activity is responsible for transferring in the crust 
and impacting liquid precipitate as evidence of hydrothermal circula
tion. A practical time-series imaging and monitoring structure of the 
Tinggi Raja hydrothermal features and Sinabung activities to enhance 
the identification, characterization, and regulation of eruptive dyna
mism depends on hydrothermal circulation. Previous studies of Sina
bung activities are essentially based on analytical solutions of a single 
method, but none of them could provide field model analysis 
consistently. 

Therefore, the multiscale approach depends on (1) Integration of 
historical activities from numerous historical eruptions has occurred 
from 2010 until 2021, the Center of Volcanology and Geological Hazard 
Mitigation (CVGHM); (2) observation of the time-series satellite land 
surface change and land surface temperature with GIS and remote 
sensing techniques; (3) consideration of the geomagnetic anomaly of the 
geothermal reservoir, high altitudes and chemical-drop in pH, and 
point-transfer movement can create impending path eruption into field 
model and prepare nearby populations and endanger residents‘ safety 
for potentially volcanic hazard (Sullivan and Sagala, 2020). The 
research aims to identify the relationship between Mount Sinabung 
eruption with Hydrothermal resources through geophysics field study 
and remote sensing techniques. 

2. Study area 

Mount Sinabung is located in the Karo Plateau, Karo regency, North 
Sumatra, Sumatra island at 3◦10’ North Latitude and 98◦23.5’ East 

Fig. 1. Mount Sinabung on the big eruption in 2015.  

Fig. 2. Research area with a combined geographical location of Mount Sinabung and Tinggi Raja geothermal area, Simalungun District.  
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Longitude, with an altitude of 2460 m above mean sea level. One of the 
most significant volcanic eruptions of Mount Sinabung occurred in 2015 
(Fig. 1). Sumatra Island also has the potential of geothermal resources of 
13,470 MW and is the most considerable potential compared to other 
islands (Center for Volcanology and Geological Hazard Mitigation, 
2020). A hot spring was found in Simalungun Regency, namely the 
Kawah Putih, Tinggi Raja, located in Silau Kahean Subdistrict; Dolok 
Marawa Village. Kawah Putih is part of the cross position in the Western 
Pacific Trench region, which is geographically located between 
02◦36’-03◦18’ North Latitude and 98◦32’ - 99◦35’ East Longitude 
(Fig. 2) (Kab Simalungun, 2021). The average distance between Mount 
Sinabung and Tinggi Raja is ±44 km (27,34 miles). Volcanic landform 
can provide level geological information of Sinabung that the Central 
Volcanology Agency created in Bandung can be seen in Fig. 3 (Indrastuti 
et al., 2019). 

3. Methodology 

Field model analysis (FMA) build by integrating quantitative and 
qualitative essential aspects. The qualitative assessment is performed 
considering the investigation of the geology and eruptive history of 
Mount Sinabung. It appears as a critical step for observation of volcanic 
landform, and historic earthquakes activities (HEA) belongs to the in
formation on series (hours, dates, months, years), strength, and 

direction of earthquakes from the Center of Volcanology and Geological 
Hazard Mitigation (CVGHM) from 2015 until 2021 (Gunawan et al., 
2019). Tracking field surveys in Tinggi Raja, collecting GPS points, 
taking physical evidence in active and inactive spring resources, and 
interviewing resident communities around geothermal areas as quanti
tative assessments (Andreastuti et al., 2019). 

Approaches to landscape changes and land surface temperature 
properties from the first eruption will continue based on analysis of 
Landsat images provider of Mount Sinabung and Tinggi Raja, supple
mented with measures and field observation made at high altitudes and 
chemical-drop in pH and spring point-transfer displacement in Tinggi 
Raja. GIS (geographic information system) and remote sensing methods 
characterize the landscape detachment and land surface temperature. 
Attribute data and spatial data of Landsat satellite extracted data anal
ysis using ArcGIS Pro and ENVI 4.7 from 2015 until 2021. 

Land surface change is calculated considering time-series NDVI 
(normalized difference vegetation) index in equation (1) and LST (land 
surface temperature) index in equation (1). NIR is light reflected in the 
near-infrared spectrum, RED is light reflected in the red spectrum, K1 
and K2 mean spectrum-specific thermal conversion constant from met
adata, and Lλ implies top of atmospheric (TOA) spectral radiance from 
thermal spectrum. 

Fig. 3. Geological map of Mount Sinabung, North Sumatra Province (Indrastuti et al., 2019).  

T. Tampubolon et al.                                                                                                                                                                                                                           



Physics and Chemistry of the Earth 129 (2023) 103290

4

NDVI =
NIR − RED
NIR + RED

(1)  

LST =

⎛

⎜
⎜
⎝

K2

ln
(

K1
Lλ
+ 1

)

⎞

⎟
⎟
⎠ (2) 

Another factor is measuring and modeling residual magnetic anom
aly calculated based on parameters. The geomagnetic method is based 
on measurements of geomagnetic anomalies caused by differences in the 

contrast of the susceptibility or magnetic permeability of the trap body 
of the surrounding area (Sharma, 2012; Li and Fu, 2019). It includes 
magnetized position, inclination, declination of the object to show rocks 
profile, faults finding, and the possibility of finding magma forming 
rocks in-depth level of 12–20 km at of hydrothermal phase in Tinggi 
Raja (Hotta et al., 2019). Within all categories defined above, FMA is a 
combined qualitative and quantitative assessment that performs a nu
merical model obtained using interconnected-principle calculation. 

4. Results 

A consistent number of Sinabung records on significant eruptions 
from 2010 until 2021 is illustrated by historic earthquake activities 
(HEA) information on series (hours, dates, months, years), strength, and 
direction of earthquakes. The last eruption occurred on July 2021 and 
continues today. Mount Sinabung’s activities can be seen in Table 1 
below. HEA shows the most extended period and immense voluminous 
known outpouring of lava from Sinabung Volcano in more than one 
decade. Lava dome, flow-forming eruption, volcanic ash, and rock 
fragments have profoundly changed the landscape, disrupted the crop 
field, and repeatedly challenged residents with lava inundation (Carr 
et al., 2019). HEA built a better understanding of Sinabung’s volca
nology in the past and made things the way to help mitigate processes 
today. HEA can be referenced for the researcher to understand past 
volcanic events before multi-series satellite information is provided. 

Volcano eruption measurements (bursts of smoke/ash or plume) are 
essential as one measure to determine the eruption rate (Volcanic 
Eruption Index or VEI scale) (Karolina et al., 2015; Nakada et al., 2019). 
The VEI scale is divided into eight levels: level 0 - level 7. The higher the 
eruption level or the VEI scale, the higher the smoke/ash burst (plume) 
formed and the volume of the eruption material. Mount Sinabung’s 
activity indicates a curious eruption level (Volcanic Eruption Index or 
VEI scale). It can be seen in Table 2. 

Long-term impact of eruption in volcanological records affects how 
the landscape around the study area is formed—adverse effects to sig
nificant shape changes calculated by the NDVI index are shown in Fig. 4. 
The graph illustrates how the NDVI index scale was reported to have 
time-series changes in the study area from 2015 to 2021. Overall, the 
number of NDVI values decreased over the period given. The highest 
distribution of NDVI values can be seen in past-event. Reducing the path 
of NDVI distribution indicates that the landscape is formed into non- 
vegetated features. Match-making analysis shows landscape evolving 
with Sinabung volcano logical record at the same-range timeline. When 
volcanoes erupt, hot lava, and hot clouds are spewed from inside amid 
weather conditions. With the strength and direction of a lava flow, rock 
is formed, which can change the shape and temperature of the study area 
(Carr et al., 2019). Overall, the number of NDVI values increased over 
the period given. The highest distribution of NDVI values can be seen in 
past-event. Increasing the path of LST distribution indicates that the 
temperature rose when non-vegetated features. Match-making analysis 
shows temperature changes with Sinabung volcano logical record at the 
same-range timeline (Pallister et al., 2019; Reda et al., 2022). 

Point-view of active hydrothermal spring in 47N 0476673 UTM 
0348563 to 47N 0476300 UTM 0347903 and lost or inactive hydro
thermal spring in 47N 0476321 can be seen in Fig. 5. Interviewing re
sults from resident communities around hydrothermal areas assume 
lost-found or point-transfer movement of geothermal features in 

Table 1 
Activities record of Mount Sinabung.  

No. Time Information 

1. 27 August 2010 The term volcanic ash and smoke. 
2. 29 August 2010 

(00.15 a.m.) 
Produced lava. 

3. 03 September 2010 There were two eruptions. 
1. at 4:45 a.m. (spitting out 3 km of volcanic dust). 
2. at 18.00 (co-occurs with a volcanic earthquake 
which can be felt up to 25 km around the mountain). 

4. 07 September 2010 There was a big eruption; the eruption sound was 
heard up to 8 km, and volcanic dust spread up to 
5,000 m in the air. 

5. 15 September 2013 It happens in the early hours of the morning and 
evening. 

6. 17 September 2013 Two eruptions occurred day and night, releasing hot 
clouds and volcanic ash. 

7. 03 November 2013 
(03.00 a.m.) 

Eruptions accompanied a glide of hot clouds up to 
1.5 km. 

8. 20 November 2013 There have been six eruptions since early morning. 
9. 23 November 2013 Eruption (eruption) occurred four times 

Hot-clouds in the mountain area. 
10. 24 November 2013 There was an eruption five times, forming an 8000m 

high ash pool on peak of mountain. 
11. 24 November 2013 

(10.00 a.m.) 
The status of Mount Sinabung is raised to the highest 
level, level four (beware). 

12. 03 January 2014 Incandescent lava and hot cloud bursts occur. 
13. 04 January 2014 There was a series of earthquakes, eruptions and 

glides of hot clouds. 
14. 26 June 2015 More than 28 pyroclastic flows - surges of hot ash 

and gas that rush down the side of the mountain at 
high speed, fearing a major eruption. 

15. 21 May 2016 (04.48 
p.m.) 

An eruption caused a hot cloud. 

16. 22 Mei 2016 There were four eruptions. 
17. 19 February 2018 

(08.53 a.m.) 
Eruptions occur and emit ash and hot clouds. 
Level four (Beware). 

18. 06 April 2018 (05.30 
p.m.) 

An earthquake occurs by spewing hot. 

19. 07 May 2019 (07.28 
a.m.) 

The height of the eruption ash column from Mount 
Sinabung was observed to be approximately 2,000 
m above the peak or 4,460 m above sea level. 

20. 02 November 2020 
(11.58 p.m.) 

The height of the ash column was observed to be 
±1500 m above the peak (±3960 m above sea 
level). The ash column is gray with thick intensity 
towards the east. 

21. 03 January 2021 This volcano erupted with an ash pool as high as 
500 m into the sky. 

22. 19 July 2021 (07.01 
p.m.) 

The height of the ash column was observed to be 
±300 m above the peak (±2760 m above sea level). 
The ash column is gray with thick intensity to the 
east and southeast. This eruption was recorded on a 
seismograph with a maximum amplitude of 47 mm 
and a duration of 605 s.  

Table 2 
Eruption Levels (Volcanic Eruption Index or VEI scale) of Mount Sinabung of Mount Sinabung.  

Start Date Stop Date Eruption Certainty VEI Evidence Activity Area or Unit 

15 September 2013 22 June 2018 Confirmed 4 Historical Observations  
27 August 2010 18 September 2010 Confirmed 2 Historical Observations  
[ 1881 ] [ Unknown ] Uncertain    
0810 ± 70 years Unknown Confirmed  Radiocarbon (corrected) SE flank  
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Tinggi Raja in range-time of Sinabung eruption (Kab Simalungun, 2021; 
Sullivan and Sagala, 2020). 

As a field survey, the geomagnetic and gravity anomaly result in 
Tinggi Raja shows a high anomaly zone around the A to A′ line. It is 
associated with high-density rocks such as lava or intrusive rocks. A to 
A’s quantitative model interpretation showed the presence of sediment 
and calcite rocks, with a susceptibility value of − 0.002; 0,006; 0.002; 
and 0.015 can be seen in Fig. 6 (Awaliyatun and Hutahaean, 2015). The 
variation of magnetic field strength in each point with the intensity 
value. From the qualitative interpretation results, the magnetic anomaly 
value was from − 11.8533 nT to 34.6033 nT. The 3D modeling results 

show low resistivity values at a depth of about 100 m–500 m with a 
longitudinal pattern from the southwest to the northeast (Nugraha et al., 
2019). Lowel-type prisoners’ value in the middle of the surrounding 
manifestations is interpreted as a response to alteration rocks that are 
thought to act as hoods (Indrastuti et al., 2019). 

Geothermal exploration can be determined by identifying the rock 
resistivity value using several methods such as electromagnetic, gravi
tational, seismic, geomagnetic, and geoelectric. Of these several 
methods, geomagnetic and geoelectric methods have many advantages. 
The geomagnetic method is carried out based on measurements of 
geomagnetic anomalies caused by differences in the contrast of the 

Fig. 4. (a) The distribution of NDVI values (b) LST values from 2015 to 2021 in study area.  

Fig. 5. Point-view (a), (b) inactive hydrothermal spring and (c), (d) active hydrothermal spring in Tinggi Raja.  
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susceptibility or magnetic permeability of the trap body of the sur
rounding area (Li and Fu, 2019). The difference in relative permeability 
is caused by differences in the distribution of ferromagnetic minerals, 
paramagnetic and diamagnetic. This geomagnetic method is sensitive to 
abrupt changes, generally used to study intrusive bodies, bedrock, and 
hydrothermal rich in ferromagnetic minerals and geological structures. 
For example, Patuha geothermal area shows the presence of magnetic 
anomalies in tuffs, terfa lapilli, andesite pyroclastic, andesite, and 
andesite breccia are varying susceptibility values, k, from − 0.03 to 0.25 
(in units cgs) (Ashat et al., 2019). Permeable rock layers cause magnetic 
anomalies around manifestations. This layer is estimated as a reservoir 
predicted as younger andesite and a source of geothermal energy. 
Oktaviani and Kadri’s research (2018) in the Sibual-bual mountain area 
shows that the geothermal area has varying resistivity, around 
1.27–13.8 μm. Geothermal layers are at a depth of 1.25–6.00 m. A layer 
with a resistivity value of <14 Ωm, this layer is interpreted as a silt soil 
layer. From a depth of 1.25–12.4 m, the soil or rock is silt soil, clay soil, 
and soft wet clay soil (Octavani and Kadri, 2019). From previous 
research, geomagnetic and geoelectric methods were effective methods 
to find out the point of the prospect of geothermal energy (Ekinci et al., 
2014). One geothermal prospect area in the Simalungun district locates 
at 02◦36-15 ′′-03◦18-06′′ LU and 98◦32’06" - 99◦34’28′′ BT. 

More significant residual anomalies indicate the presence of resistive 

rocks in the form of limestone and intrusive rocks. Among the values of 
high types of detainees and the value of low-type detainees (the central 
part around the manifestation), a moderate variety of residual anomalies 
values is estimated in response to the reservoir zone. The peak of the 
reservoir zone is at a depth of about 500 m. Based on the integrated 
gravity compilation, the prospect of geothermal heat is estimated to be 
in the site of low residual gravity force anomalies associated with the 
fracture zone and the zone of moderate type residual anomalies values 
related to the active location. The prospect area is the nearest mani
festation and extends to the northwest and southeast with about 5 km2. 
All information can be seen in Fig. 6. However, an on-field survey found 
a non-active fracture with a low anomaly zone around the Tinggi Raja 
hot spring, which can be seen in Fig. 7. 

Fig. 7 explained that the area between Mount Sinabung - Tinggi Raja 
was in the West to East direction, with several rocks and faults. Four 
types of rocks contained Qvsn, so-called andesite lava to dacite, Qvbj, so- 
called Binjai Unit: Breccia andesite to the dacite, QTvk, so-called Takur- 
takur Unit: Andesite, Dacite, and Piroclastics, and Qvt, so-called Toba 
Tufa: Riodacite tufa, partially released (Bhakti, 2011). 

The fault type between Mount Sinabung and Tinggi Raja is a non- 
active (local) fault because of the active fault position found on Suma
tra Island, far from the Mount Sinabung and Tinggi Raja areas. The 
inactive faults found between Mount Sinabung and Tinggi Raja are 

Fig. 6. The distribution of geomagnetic and gravity anomaly in Tinggi Raja.  

Fig. 7. Inactive faults found in Tinggi Raja and geological map of rocks and faults distribution.  
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between Mount Sinabung and Mount Sibayak, faults through around 
Kutagugung to Lingga; Tongkoh to Tanjung Barus, pass L.Dadape, pass 
Ujung Meriah towards Mount Sinembah, to Tinggi Raja (Nukman and 
Hochstein, 2019). 

In Fig. 8, Field modeling analysis is referred to virtual-model by 
integrating the quantitative and qualitative approaches focused on his
toric earthquakes activities (HEA) from the Center of Volcanology and 
Geological Hazard Mitigation (CVGHM), time-series satellite observa
tion of land surface change, and land surface temperature, the residual 
anomaly of the geothermal reservoir, high altitudes and chemical-drop 
in pH, and point-transfer movement. FMA shows surface and subsur
face information; surface information illustrates landscape and land 
surface temperature changes during the period given, and subsurface 
shows heat flow under the point-view of an active geothermal spring in 
the study area. FMA offers fewer residual anomalies from Southwest to 
Northeast in 100 m–600 m coverage 5 km2 underground than pre- 
hypothesis indicates the anomaly zone associated with the fracture 
zone; however, the lithology of the geothermal system is categorized as 
limestone rock and has no active faults. It indicates a low magnetic field 
anomaly in geothermal resources that does not correlate volcanic 
manifestation to geothermal trigger. Distance, type, and felt volcanic 
earthquake and eruption are less direct impact between Mount Sinabung 
eruption and the displacement of springs at Tinggi Raja (Kriswati et al., 
2019). 

Furthermore, subsurface information from FMA has limited infor
mation because geomagnetic dipatching in wide-area. So, FMA indicates 
the obstruction of the surface in a hot spring due to heating the water 
fluid high enough continuously, causing clumping of hot water (trav
ertine) in the outlet of the hot water in the fault field. As a result, the 
travertine heap will cover the flow of hot water on the surface so that hot 
water with higher pressure searches for new output channels as if 
creating new hot springs or the transfer of hot springs on the surface 
(Mccausland et al., 2019). 

The further finding indicates that the Tinggi Raja geothermal in 
Simalungun has a prospect of geothermal energy potential. Simalungun, 
North Sumatra, is located in the western Pacific trough area, so there are 
heat energy sources of white and blue craters, one of the areas that have 
the potential for geothermal precisely in the village of Tinggi Raja. 

5. Discussion 

Because of its distance, type of felt volcanic earthquake, and evolu
tion of complex shield eruption, Field Model Analysis are worthily 
related to the possibility that Mount Sinabung might hold onto the 
geothermal reservoir in Tinggi Raja (Kriswati et al., 2019). Fig. 8 sum
marizes our observations in a conceptual model of volcanic manifesta
tion to geothermal trigger. The physical properties and state of 
geothermal resources in Tinggi Raja have visible hydrothermal features 
on an irregular travertine deposit surrounding andesite, dacite, and 
pyroclastic rocks. Because of its distance, type of felt volcanic earth
quake, and evolution of complex shield eruption, Field Model Analysis 
are worthily related to the possibility that Mount Sinabung might hold 
onto the geothermal reservoir in Tinggi Raja. Fig. 8 summarizes our 
observations in a conceptual model of volcanic manifestation to 
geothermal trigger. FMA is concerned with the physical properties and 
state of geothermal resources in Tinggi Raja that have visible hydro
thermal features on an irregular travertine deposit surrounding andesite, 
dacite, and pyroclastic rocks. This result is consistent with Bhakti 
(2011), who showed that extrusive rock in the Tinggi Raja Karo district 
tends to be identical to young-volcanic and shallow intrusive rock in 
Mount Sinabung. Then, inactive faults crosswise over Tinggi Raja came 
after seismic activity for more than one decade of Sinabung volcanic 
activity (Mccausland et al., 2019). At well-monitored Sinabung vol
canoes, the long-term eruption is forecast for lava and ash cloud column 
outpouring. The increase in Sinabung’s volcanic behavior is of tremen
dous significance in the paper by Primulyana et al. FMA helped improve 
the clarity of the information and revealed less correlated volcanic 
manifestation to geothermal trigger due to inconsistency of the magnetic 
field anomaly in geothermal resources. It causes the travertine heap will 
cover the flow of hot water on the surface so that hot water with higher 
pressure searches for new output channels as if creating new hot springs 
or the transfer of hot springs on the surface. 

On the other hand, one geothermal prospect area in the Simalungun 
district is founded at 02◦36-15 ′′-03◦18-06′′ LU and 98◦32′06" - 
99◦34′28′′ BT. From previous research, geomagnetic and geoelectric 
methods were effective methods to find out the point of the prospect of 
geothermal energy. The existing geothermal energy development in 
North Sumatra is found in Sarulla (330 MW), Sibayak (120 MW), and 
Dolok Marawa Tinggi Raja Simalungun Regency, with a potential 

Fig. 8. FMA shows slice of area between Mount Sinabung and Tinggi Raja’s geothermal, Dolok Morawa, Simalungun District.  
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reserve of 38 MW. North Sumatra is one of Indonesia’s most geothermal 
energy potentials, with 1,857.00 MW in six districts, Karo, Simalungun, 
North Tapanuli, South Tapanuli, Padang Lawas, and Mandailing Natal 
(National Development Planning Agency (Bappenas), 2020). 
Geothermal is an alternative energy that can be renewed (renewable). 
Geothermal power plants are a great solution to solve the lack of energy 
that has the advantages of geothermal energy, such as being environ
mentally friendly and including energy that cannot be exported so that 
the electricity supply in Indonesia continues to be maintained for hun
dreds of years (Milousi et al., 2022). 

6. Conclusions 

The field modeling analysis (FMA) is applied to find the influence of 
the Sinabung eruption and geothermal Tinggi Raja. Low magnetic field 
anomalies in geothermal resources inverse correlate volcanic manifes
tation to geothermal trigger. Distance, type, and felt volcanic earth
quake and eruption are less direct impact between the blast of Mount 
Sinabung and the displacement of springs at Tinggi Raja. Furthermore, 
subsurface information from FMA has limited information because 
geomagnetic coverage is short. So, FMA indicates the obstruction of the 
surface in a hot spring due to heating the water fluid high enough 
continuously, causing clumping of hot water (travertine) in the outlet of 
the hot water in the fault field. As a result, the travertine heap will cover 
the flow of hot water on the surface so that hot water with higher 
pressure searches for new output channels as if creating new hot springs 
or the transfer of hot springs on the surface. 
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