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ABSTRACT

The Tatun Volcano Group (TVG) which is known as the
highest temperature geothermal field in Taiwan. There are
four geothermal potential areas named Beitou, Matsao, Shi-
Huang-Ping and Chinshan. The government conducted
exploration activities in the late 1960s focused on these
areas. The highest drilling temperature encountered, nearly
290 °C at the Matsao area at a depth of less than 2 km, implies
there is a commercial temperature for power generation.
However, the geothermal development has been suspended
due to a high acid content and highly corrosive fluids. Last
decade, some review and exploration activities raised the
possibility of finding neutral brine and developing
geothermal generation at TVG. This study integrates
previous research studies and newly completed geological,
geophysical and geochemical surveys to establish a
geothermal conceptual model of the TVG. The deep
hydrothermal fluid along the extensional fracture is one of
the primary heat sources in TVG that meets the criteria of
high temperature and neutral geothermal brine based on
E208 drilling data. Based on the MT 3D resistivity model, a
total of 5 low resistivity areas that could be the possible clay
cap are proposed. The low-resistivity is located at the bottom
of the volcanic rock body, and the resistivity, as low as 10
ohm-m, is consistent with the mineral character of smectite,
illite, and chlorite. All the data mentioned above was
transformed into digital form and combined with the TWD97
projection system. Finally, a digital 3D geothermal
conceptual model based on Leapfrog geothermal was
established.

There are some areas with high temperature and low acid
fluid in the TVG area, from the perspective of the
geochemistry view. However, the new proposed potential
areas need further confirmation by the drilling of an
exploration well.

Applying developed volcanic activity observation
techniques to monitor environmental changes while
conducting geothermal surveys can ensure the safety of
future geothermal development efforts.

1. OVERVIEW
1.1 Geological settings

The TVG is located at the southwest end of the rift zone
along the southern Taiwan-Sinzi Folded Zone. The
Oligocene/Miocene sedimentary rocks were affected by the
arc-continent collision and pushed along the detachment
structure to the current Tatun volcanic area (Hsiao et al.,
1998). As the subduction of the plate gradually proceeded
and the collision gradually slowed, the Tatun volcanic area

resumed the fractured terrain structural model again, and the
magma moved upward along the fractured structural belts in
the directions of NE (~N56°E) and NEE (N68°E-N85°E).
The magma penetrates the detachment structure, intrudes
into the sedimentary rock base to form igneous rock
intrusions, and even erupts to the surface to form the TVG.

In the later stage of the volcanic eruption, due to the change
of the earth's stress field and the collapse of the volcanic
body, several normal fault structures in the direction of NNE
and NNW were formed, cutting through the Tatun volcanic
rock mass. The deep magma-derived hydrothermal fluids
migrate upward along the aforementioned NE and NEE-
directed tensile fracture structures that cut through the deep
part of the crust, and form a geothermal structural system.
The later NNE and NNW structures that cut through the
volcanic body, are mainly distributed between the Shanchiao
fault and the Kanchiao fault (Lee and Wang, 1988; Teng,
1996).

1.2 History of geothermal survey

In the 1960s, Taiwan was in the period of long-term
economic re-construction after World War 11, and its demand
for energy was extremely urgent. Due to the active volcanic
activity and hot spring resources in the TVG, at the
suggestion of the US military advisory group, the geothermal
survey of the Tatun volcanic area began to be planned in
Taiwan. The earliest geothermal survey work began in 1966.
The survey projects included a geological survey, surface
temperature measurement, hot spring sampling and analysis,
a geophysical survey, exploration well drilling, steam flow
and heat enthalpy measurement, etc. The survey work at this
stage ended in 1972. The total exploration area was about
200 square kilometers, and 82 wells were drilled with a total
length of 21,188 meters, including two exploration wells
with a depth of 1,500 meters. In the TVG area, the highest
underground temperature of 293 °C is located in the Matsao
area (well E208). The highest temperature area is a layer of
mid to coarse sandstone with good permeability. At the same
time, the Matsao area also has good geothermal conditions
for the presence of shallow clay caps. Based on the average
evaluation of the results of various investigations, the
shallow geothermal potential of the geothermal reservoir in
the TVG is 85MWe. If the deep geothermal resource is
included in the calculation, the geothermal potential could be
greater than 500MWe (Lee et al., 1994).

Although there is a considerable potential for geothermal
storage, the underground fluid in the Tatun volcanic area is
acidic, rich in chloride ions, sulfate radicals and ammonium
radicals that are corrosive to metals. Not only is the fluid
highly corrosive to machinery and equipment, but
subsequent geothermal development, plant construction and
operation will require more investment, and it also poses a
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great threat to the safety of operators. Therefore, as is
mentioned in the conclusion of the geothermal survey results
for the TVG, it is necessary to first solve the problem of acid
corrosion, before setting up the test power plant.

After obtaining the survey results for the TVG, in 1973, and

with the arrival of the first oil crisis, Taiwan's geothermal
survey work considered other non-volcanic geothermal
areas, but continued to focus on the acid corrosion resistance
of pipes. However, in 1985, part of the Great VVolcano Group
was included in the newly established Yangmingshan
National Park, which includes most of the geothermal areas
such as Matsao, Dayoukeng, Siaoyoukeng and Liuhuangu.
Under the regulations of the National Park decree,
geothermal development work in these areas was
temporarily suspended.

1.3 Volcanic Activities

The volcanic activities of the TVG began 2.4 to 2.8 million
years ago and it has experienced several large-scale eruptions
so far (Song and Lo, 1995). A uranium-thorium-radium
dating of andesite extruded from the area shows that the most
recent eruption was about 1,370 years ago (Zellmer et al.,
2015). In addition to the very young age of the volcanic
eruption, there are still many volcanic and geothermal
activities in the TVG, such as hot springs, and micro-
earthquakes. This means that there is still a source of high
heat flow and gas deep in the crust. In volcanic geothermal
areas, a high-temperature magma heated reservoir is a
natural consequence.

There are two main scientific findings for inferring the
presence of a magma reservoir. One is from the helium
isotope ratio (*He/*He) in volcanic gas. The analysis and
calculation of the composition of volcanic gases of the TVG
shows that a high proportion (60-80%) of the helium isotope
is released by magma, rather than corresponding to the
helium isotope value in the general crust or air; especially in
the Dayoukeng area most obviously, as its *He/*He value
(Ra) is 6 to 8 which is close to the helium isotope ratio of
active volcanoes in neighboring countries such as Japan and
the Philippines (Yang et al., 1999).

Another piece of evidence comes from microseismic
records; for a long time, there have been quite a few
microseismic occurrences near the TVG, especially
concentrated in Mt. ChiHsin, Dayoukeng and Bayan areas.
Since 2003, a dense network of microseismic stations has
been set up in the TVG to continuously record and analyze
earthquake records. It was found that the waveform and
frequency of these dense microseismic signals on the
recorder have the same characteristics as the volcanic
seismic signals in many active volcanic areas, such as
swarms, long-period vibrations, tremors, etc. (Lin et al.,
2005). Since the Tatun volcanic area is close to the urban
area of the capital, it is difficult to use ground-based artificial
seismic sources. Scientists have observed the phenomenon
of S-wave shadowing and P-wave slow arrival through the
dense seismic station network, as well as the research results
of the crustal velocity structure characteristics, confirming
that there is a magma reservoir under the Tatun volcano (Lin,
2016). Its location is probably at the bottom of Dayoukeng
and Mt. Huangzui. It is cylindrical, about 12 kilometers long
and about 4 kilometers in radius (Huang et al., 2021).

Since the TVG conforms to the definition of active
volcanoes, the Taiwan government is currently conducting a

number of observations of volcanic activity, and continues to
upgrade volcano monitoring technology and equipment.
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Figure 1: The coverage of MT stations (yellow spots) in
the TVG discussed in this study. The abbreviation
of the local names mentioned in the paper are as:
Chinshan (CS), WanLi (WL), Shi-huang-ping
(SHP), Matsao(MT), Liuhuangu (LHG),
Dayoukeng(DYK), Siaoyoukeng (SYK). The
names of mountains, Mt. Shamao (SMS), Mt.
ChiHsin (CHS) and Mt. Huangzui (HZS).

2. ADVANCED EXAMINATION AND SURVEY

Previous studies have provided preliminary results on the
potential magma chamber, volcanic fluid circulation, and
post-volcanic signatures due to the presence of volcanic
activity in the TVG. However, the subsurface distribution of
the geothermal system remains ambiguous. To clarify the
geometry of the possible cap layer, intrusive body, fluid
chamber, and fluid pathway, various geophysical surveys
were re-examined, and supplementary investigations were
carried out. These included aeromagnetic data,
Magnetotelluric (MT) surveys, gravity data, seismic data,
and previous drilling data. The aim of these investigations
was to gain a better understanding of the subsurface structure
and characteristics of the geothermal system in the TVG.

2.1 Re-examination of the magnetic data

The magnetic properties of the TVG offer important
evidence for understanding the volcanic and geothermal
processes in the area. The TVG experienced volcanic activity
from 3 Ma to 1.37 ka, with the most active period occurring
between 0.7 Ma and 0.2 Ma. (Wang and Chen, 1990, Tsao,
1994, Chu et al., 2018). LiDAR DEM analysis identified 51
volcanic cones in the TVG, and aeromagnetic surveys and
gravity data helped identify the distribution of volcanic
bodies and rock boundaries (Chen et al., 2007). By using
numerical deviation enhancement techniques, the rock
geometry and contact structures could be delineated. The
study also discusses the magnetic degaussing feature
(Soengkono, 2016) resulting from high temperatures or
chemical alteration. Demagnetization features indicate that
potential geothermal areas mainly occur near LHG, MT-
DYK-SHP, and east of HZS areas (Fig. 2). The degree of
demagnetization can serve as an indicator of the main
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hydrothermal activities and areas with less impact.
Additionally, the 3D inversion of the total magnetic intensity
(Tong and Lin., 2013) revealed low magnetic susceptibility
(SI) vacuums surrounded by relatively high SI andesite
bodies. It is worth mentioning that microearthquakes mainly
occur within the boundary of the low SI vacuums (Fig. 3).
The analysis of total magnetic intensity, magnetic lineation,
and demagnetization features can provide valuable insights
into the subsurface distribution of andesitic magnetic bodies,
the presence of hydrothermal fluid chambers, and the deep-
cut contact relationship of andesitic magnetic bodies.
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Figure 2: Magnetic susceptibility map of the TVG. The
magnetic degaussing area, localized in three
subareas, could be depicted with NE treading by
the iso-values of SI.
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Figure 3: 3D view of microseismicity and magnetic
susceptibility (SI) looking from NE to SW. The
seismicity occurred between the area bounded by
two faults and relative high SI bodies.

2.2 New MT (Magnetotelluric) Survey

The presence of a low-resistivity structure is closely
associated with the smectite clay cap layer, suggesting an
indirect indication of the high thermal gradient and low
permeability of the cap. (Ussher et al., 2000; Cumming,
2016). The shallow part of the cap layer consists of a near-
neutral smectite or smectite-illite zone with resistivity less
than 10 ohm-m, with a temperature in the range 100°C to
200°C. In the deeper part, where the temperature exceeds
200°C, the high resistivity core corresponds to a chlorite
zone representing the fluid upwelling center. Therefore, an

MT Survey is an important technique for exploring volcanic-
type geothermal systems. In previous studies, more than 70
Audio-MagnetoTelluric (AMT) stations were deployed from
2013-2017 by Bureau of Energy, Ministry of Economic
Affairs and Industry and Research Institute (Dobson et al.,
2018). However, due to the limitation in instrument
bandwidth and 3D topography-related inversion techniques,
the resistivity structures only revealed large-scale
perturbations. To overcome this limitation, this study
implemented a plan with wider station coverage and
broadband MT instruments (MTU-5C, Phoenix Co.).
Additionally, remote-reference processing was controlled to
improve the data quality. Results from a total of 49 stations,
each with a recording period of over 40 hours, were compiled
for joint 3D inversion (Fig. 4). According to the recordings,
the sounding curves (apparent resistivity vs frequency)
characteristic could be described as follows:

e The resistivity characteristics of the volcanic
geothermal field can be described as an H type
(high-low-high) distribution toward the depth. In
the high frequency band, high-resistivity are
observed, which reflect the presence of surface
volcanic rock. The low resistivity part of the curve
may correspond to the alteration layer, indicating
the presence of altered minerals.

e [tisimportant to note that not all stations recorded
the same frequency band due to unequal signal-to-
noise ratio. Only 8 stations recorded data up to
0.01 Hz, while half of the recordings reached up to
0.35 Hz. After removing recordings of poor
quality, a total of 43 stations were used for the 3D
inversion.

The ModEM software (Egbert and Kelbert, 2012; Kelbert et
al., 2014) was utilized for the MT 3D inversion. To account
for the effect of topography, a 200 m resolution topography
was introduced for the surface grid boundary. The grid
spacing is 250 m horizontally, with an unequal spacing
interval from 15 m in the upper part to gradually increasing
intervals of 15 m times 1.08, 1.15 and so on, in the deeper
part, reaching the lowest boundary at 471 km. A forward
modelling procedure was initially conducted to check the
grid size. After 173 iterations, the root mean square value
reduced from 11.42 to 1.62, indicating convergence in the
inversion process. Based on the inverted resistivity model, a
total of 5 low resistivity areas were identified (Fig 5). The
low-resistivity layers were found to be located in the middle
and bottom parts of the volcanic rock body and sedimentary
layers, with a resistivity value below 10 ohm-m. In the
sedimentary formation, areas with resistivity below 10 ohm-
m are considered as andesite rock bodies by comparing with
the inversion results of magnetic and gravity data. It is
speculated that these low-resistivity areas smaller than 2
ohm-m (noted as C1-C5 in Fig. 5, Fig. 7) may be related to
high-temperature fluids or alteration cap layers. The newly
derived MT model provides important contraints on the
potential geothermal areas (Tong et al., 2020). We infer that
the areas of low resistivity are due to low temperature
alteration by neutral pH fluids and perhaps also smectite-rich
sediments.
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Figure 4: The measured sounding curve of the MT
stations, which have been calibrated by remote
reference processing. The arrows indicated the
frequency band of low resistivity.

121°28° 121732 121°9¢ 121°36° 121°38 121°40 121°42°
297500 300000 302500 305000 307500 310000 312500 315000 317500 320000
2 =Lk — S L. 1L =

25°16
94,52

North Taiwan

1
»hST

2517 2514

24,82

2510
04,52

25°08°

90.57

1

'00SLIIT  0000RLZ _ 00SCG.Z QO0SGLZ  OOS8LC OOODBIZ  OOSZBIZ  000RBLZ

90.52

2777500 2780000 2782500 2785000 2787500 2790000 2792500 2795000
T

25°08°

L = 1
310000 312500 315000 317500
121°36° 12198

297500 300000 X 320000
121 " o ) 1210 21°42
mo o e o C————

[ ) Elev" 400 m 1235812 24 41 9117

GRS 190 Tanman - Resistivity (ohm-m)

Figure 5: Resistivity slice at -400 m below sea level
extracted from the 3d resistivity model. Five main
geothermal systems (C1-C5) with low resistivity were
depicted as the speculated geothermal systems.

2.3 Fracture System and Seismic Data

The fracture system plays a crucial role in the migration of
geothermal fluid. However, identifying subsurface fractures
or brittle faults can be challenging. Although thrust faults
occurred in the Miocene sedimentary formation before the
Tatun Volcano eruption, the Sanchiao normal fault
reactivated along the thrust trace around 0.4 million years
ago, indicating that the area is currently experiencing tensile
stress (Teng et al., 2001). The use of 1m-resolution LiDAR
DEM imagery allows for the delineation of the distribution
of the topographic lineaments, which are related to rock
cracks, as well as the orientation of fracture and fault planes
(Yeh et al., 2014). By considering the stress environment, it
is possible to advance the understanding of the reactivity
potential of these fractures. The areas with the highest
reactivity potential, as reveal by the analysis, are the SHP and
CHS areas. These areas indicate the most likely domains for
the presence of geothermal fluids (Tong et al., 2020).

In order to identify the possible deep-cut structures in the
volcanic geothermal field, the analysis of large-scale
magnetic structures can be helpful. Various numerical
methods, such as vertical derivative, total horizontal
derivative, tilt derivative, and analytic signal methodology
are useful. Based on the magnetic characteristics, 17 distinct
discontinuities (m1-m17 in the Fig. 6) have been identified.
The lineation direction is predominantly in the NNE
direction, with some segments in the NNW direction.
Additionally, the seismicity groups in the area are found to
be located at different depths beneath the CHS, DYK, and
CKL area. Although these earthquakes are identified as
important evidence for an active volcano in CHS (Lin, 2005;
Pu et al., 2020a) they may be the result of gas or fluid
activities in a narrow conduit beneath DYK (Pu et al.,
2020b). They appear to be divided into different groups
based on possible structures. The hydrothermal layer was
identified by an inflation source of seismicity character at
depth of 0.7 km and 2 km (Lin et al., 2019; Pu et al., 2020).
These finding confirm the activities of geothermal gas and
fluid that could be ascending along the pathway.

In the study area, the elevated temperature profile in NE-SW
direction suggests the presence of at least three main
geothermal fluid up-flow systems. These systems are
thought to be located beneath the SMS, CHS, and SHP. By
comparing the resistivity model, seismicity patterns, and the
subvertical extension of the magnetic lineaments, it is
possible to isolate discrete sub-systems associated with
geothermal fluid activities (Fig 7).
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discussion. The subvertical dash lines represent
the possible structures. Temperature contours
(red lines) and lithology boundary (black dots)
depicted according to the drilling data. Seismicity
denoted as black point clusters. Accordingly, red
lines with arrow suggest the upwell pathway of
geothermal fluids.

2.4 Drilling Data

The volcano eruptions in the study area occurred within the
Tertiary sedimentary layer, and the tensile tectonic
environment cause the sediment basement to collapse in a
concave shape. In order to construct a conceptual model of
geothermal fluid circulation, it is important to consider the
boundary between the sedimentary and volcanic rock layers.
The presence of a dike or volcanic body intrusion in the
sediment layer has been discussed in a previous study based
on drilling cutting and cores, which is important for
identifying the acid water-rock reactions (Rae et al., 2019).
This study compiled reports from over 90 drilling data, with
lithology logging available for 40 of them. Among these
wells, 13 coincide with sedimentary basement at the deeper
part.

To aid in the identification of boundaries, a 3D resistivity
model was adopted. The drilling records of wells E208, SHP-
1, and Chinshan-1, indicates the presence of a thick intrusive
igneous rock within the sedimentary formation (Fig 8).
These findings are supported by aeromagnetic and gravity
data, as well as the altered minerals in the boreholes. The
scale of the intrusion is important for understanding the
potential heat source and the neutralization capacity of the
geothermal system.
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Figure 8: Lithological logs of drilling data in the TVG
area. The resistivity columns extracted from the
resistivity model are taken for the reference of
lithology changes. Part of recordings reveal the
intrusion occurs at the deep part in the sediment
layer.

3. DATA MANAGEMENT AND DISCUSSION
3.1 Revised conceptual model

To complete the conceptual model, additional geophysical
and geochemical evidence from other studies needs to be
incorporated. A new model from a 3D joint seismic
tomography inversion has revealed a magmatic heat source,
indicated by a notable P-wave velocity reduction, located
between 8 km to 20 km beneath the DYK and HZS area with
northward extension to the shallow depth, which is

interpreted as the magma source (Huang et al, 2021).
Volcanic gas analyses, including helium isotope (Yang et al.,
1999) and CH4/ CO: gas thermometer, have provided
insights into the main magmatic sources or geothermal fluid
upwelling area beneath LFG, MT, and DYK (Rae at al., 2019;
Tong et al., 2020). These analyses indicate the presence of
multiple reaction sources contributing to the geothermal
system.

In the volcanic area, regions with less acidic fluid may be
attractive target for geothermal exploration. The TVG
geothermal conceptual model has been proposed based on
geochemistry studies. Previous studies have identified three
main types of hydrothermal fluid in the TVG: acid-sulfate,
near-neutral bicarbonate, and acid-sulfate-chloride hot
springs (Liu et al., 2011). These fluids are associated with
different mixing and circulation of magmatic fluid, meteoric
water, seawater, or formation water, as well as the interaction
with the andesitic or sedimentary rock. However, the most
important factor is the water chemistry of the deep reservoir
and the volume of the fluids it contains (Dobson et al., 2018).
The water analyses from Matsao deep well E205, reported a
near-neutral pH (~5.6) and a temperature range of
200~300°C. Reports from the alteration mineralogy in the
well E208, in the Matsao area, suggested a typical propylitic
alteration mineral assemblage (Lan et al., 1980). According
to the re-examined conceptual model (Rae et al., 2019), there
may be another up-flow zone surrounding the LHG zone,
southwest of CHS. The study also argues that the acid
sulphate-chloride fluid may have resulted from mixing of
formation water and meteoric water and may not be affected
by magmatic fluid. Then, a fourth type of fluid was
speculated about in the deep part of southwest CHS (Fig 9).
This study identified a possible large-scale andesitic body,
where fluids could possibly be neutralized by water-rock
interaction. The previous conceptual models provide
valuable information for spatially connecting these findings
with the results of the geophysical survey. By integrating the
collected findings, a comprehensive geothermal conceptual
model with 3D subsurface information was developed. This
model takes into account the following information:

e Heat source: The possible magma reservoir is
located beneath the TVG at a depth of greater than
8 km. The magma reservoir serves as a heat source
for the geothermal system. The gases and fluid
generated from the magma reservoir upwell
predominantly in the CHS and DYK areas, and to
a lesser extent in the HZS area. The intruded
andesite rock, confirmed by the magnetic model
and drilling logs, can act as neutralization agent for
the upwelling acid fluids, helping to mitigate their
acidity. Additionally, the intrusions contribute to
the energy budget within the geothermal system.

e  Pathway: The hydrothermal fluid upwelling in the
TVG area is influenced by the deep cut structures,
which are associated with the tensile tectonic
environment in northern Taiwan. The structures
depicted in this study align with the speculated
pathways for the fluid to migrate toward the
surface in a spatial manner. Some volcanic
activities observed at the surface are closely
correlated with the distinguished fracture systems.
These fractures provide conduits for the ascent of
volcanic materials and the release of volcanic
gases. These upwelling zones are also where the
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highest temperatures are measured along the
northeast trending profile.

e  Fluids: Hydrothermal activities, characterized by
seismic pattern of inflation, spasmodic burst and a
heartbeat-like rhythm, are observed in the CHS
and DYK regions. These activities may be caused
by the interaction of water and magmatic fluid (Lin
et al, 2005; Lin, 2017; Pu et al., 2020b). The
seismic cluster beneath CHS is primarily situated
around a relatively high-resistivity core, coupled
with an increasing temperature profile, which
suggests the presence of an upwelling conduit for
geothermal fluids. Another earthquake cluster in
the DYK area is situated beneath a low-resistivity
anomaly, precisely at the boundary between
volcanic rock and sediment layers. The activities
of the fluid may be covered by multiple layers of
low-resistivity cap rock. There are several zones
with resistivity lower than 2 ohm-m that are
considered to have a near-neutral chemistry, based
on the connection between resistivity and the
character of alteration minerals. Part of the
geothermal fluid continuously moves upward and
reacts with formation water and meteoric water.
This interaction occurs as the fluid infiltrates along
the topography and follows fracture traces.
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Figure 9: Revised geothermal conceptual model of TVG.
The components are based on the new identified
geophysical evidence and integrated data from previous
studies. Based on downhole testing, MTO-1 has reached
a geothermal reservoir with a neutral pH.

3.2 Database

By integrating survey and observation data in the TVG area,
comprehensive spatial information covering geological,
geophysical, and geochemical aspects has been compiled.
Most of the mentioned data are publicly available on the
website: https://geotex.geologycloud.tw. To facilitate the
integration and analysis of the data, the Leapfrog geothermal
software (Seequent Co.) was utilized to build an initial
version of the 3D database model. The data incorporated into
the model include a geological map, drilling logs, downhole
temperature measurements, resistivity models, magnetic
models, seismic tomography results, and the epicenters of
microearthquakes. The integrated model not only confirms
most of the speculations based on evidence but also provides
a spatial reference for further exploration and analysis.

CONCLUSION

In this study, fracture channels were interpreted by
integrating MT resistivity models, magnetic discontinuity
linear features, surface linear features, high-temperature
zones, and distributions of micro-seismic activity. These
interpretations revealed several deep faults or hydrothermal
conduits that connect to the magmatic reservoir and show
characteristics detected at the surface. The rebuilt 3D MT
model, along with the integration of total magnetic field
intensity magnetic susceptibility and gravity density
inversion values, indicated the extent of igneous intrusions
within the sedimentary rock basement, which corresponded
to the recorded andesite bodies in the drilling records.

The geothermal geological conceptual model of the TVG,
after incorporating modifications from previous studies,
continues to offer new insights. This study supplemented
survey items with new data to enhance the spatial
understanding of the geothermal conceptual model.
Subsequent exploration in the TVG can benefit from the
ongoing accumulation of ideas, enabling targeted drilling
investigations, such as the fluid chemistry of MT and SMS,
and potentially realizing the prospects for geothermal
utilization in the Tatun volcanic area at an early stage.
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