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Abstract. The geothermal power plant located in Gunung Salak plays a crucial role in increasing the electricity supply transmitted to the Java-Bali region, as the energy demand continues to rise. The objective of this research is to determine the 3D subsurface structure of Gunung Salak, specifically the distribution of the reservoir as the target for geothermal energy using the Gravity method. Gravity data, including gravity disturbance (gd), geoid, and Digital Elevation Model (DEM), were obtained from the ICGEM website with a total of 48740 data each. Based on the results of the residual anomaly map, the low anomalies beneath Gunung Salak have values from -5.15 to -1.88 mGal, which are suspected to be associated with the magma chamber. The high anomalies beneath the manifestations have values from 0.92 to 5.01 mGal, indicating andesitic basalt intrusive rocks believed to be the reservoir rock. Through the 3D inversion modeling of the subsurface structure of the Gunung Salak geothermal system, a clay cap with a density from 2.47 to 2.5 g/cc at depths of 0 to 700 m and andesitic basalt rock as the reservoir with a density from 2.74 to 2.91 g/cc at depths of 700 to 3000 m have been identified.
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INTRODUCTION

Geothermal is a renewable energy source that shows an increasing role and mix of primary energy supply in Indonesia [1], because it is relatively environmentally friendly for electricity generation compared to other sources such as fuel oil [2]. Geothermal potential in Indonesia is estimated to reach more than 27,000 Mw or the equivalent of 219 million barrels of petroleum [3]. Where almost 40% of the world's geothermal potential is in Indonesia [4] and around 21.7% is in West Java [5].
 Geothermal power plants have an important role in the Java-Bali network as they require a large supply of electricity for the local population. The Geothermal Power Plant in Gunung Salak supplies electricity to the surrounding areas, particularly in the Jawa-Bali region, with a capacity of not less than 180 MWe. [6]. The Geothermal Power Plant in Gunung Salak consists of three units with a capacity of 60 MW each. Electrical power from these three units is transmitted to the New Bogor 150 kV transmission network for interconnection with the Java-Madura-Bali system. Part of the generated power is also used for self-consumption [7]. The purpose of this study is to visualize in 3D the subsurface structure of the Mount Salak geothermal area, especially the depth of the reservoir as a geothermal target using the Gravity method.
Geothermal System
Geothermal systems are usually associated with volcanic systems that occur due to the movement of tectonic plates on the earth's surface which causes volcanoes [8]. Geothermal systems are formed as heat transfer from surrounding heat sources which can occur by conduction and convection [9]. This system stores and transports heat generated from geological processes within the Earth's crust. 
The geothermal system consists of three main elements: (1) permeable reservoir rock, (2) water that carries heat from the reservoir to the earth's surface, and (3) a heat source. In addition, the essential things needed for the existence of a geothermal system are (1) heat source as the primary source, (2) reservoir that stores and transports hot fluids within the Earth, and (3) cap rock as the covering layer that contains the hot fluids [10]. The presence of reservoirs as geothermal targets can be characterized by the presence of manifestations around geothermal areas in the form of hot springs, mud pools, fumaroles, solfatara, etc.

Georeg Mount Salak
Mount Salak is a Quaternary volcano which is still geologically active and is a potential source of geothermal energy as well as a geological disaster. The volcanism of Mount Salak is directly related to the tectonic processes that occur as a result of the collision of the Eurasian and Indo-Australian plates in southern Java [11].
Based on the 1:100,000 scale geological map, the geological structure in the study area consists of faults, folds, and lineaments. The fault structure consists of shear faults, reverse faults, and normal faults which generally trend north-south, southwest-northeast, and northwest-southeast [12]. The top to the foot of Mount Salak is composed of rock products of Mount Salak in the form of sandy pumice tuff covered by lava deposits, tuffaceous breccias, and andesitic-basalt layered lapilli which are generally very weathered, the uppermost part is composed of andesitic lava [13] [ 14].
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Figure 1. Regional Geology of Research Areas [15]

Gravity Method
The gravity method is a geophysical exploration method that is carried out by measuring the acceleration of gravity below the earth's surface caused by differences in rock density from an area [16].
The method of gravity works based on Newton's Law of Gravity which states that the force acting between two objects with masses of m separated at a distance r will be directly proportional to the multiplication of the masses of the two objects and inversely proportional to the square of the distance from the center of mass of the two objects [17]. The gravitational force can be written in an equation as follows:
	  	    			 (1)
Where F is the weight of the object in units (N), M is the mass of the first object in units (Kg), m is the mass of the second object in units (Kg), r is the distance between the two masses in units (m), and G is a constant gravity with a value 6,67428  atau  [17].

Gravity Corrections
[bookmark: _Hlk138965553]Gravity correction refers to the steps or procedures applied to improve or minimize the factors that can affect gravity measurement results. In this study, only using Bouguer correction and field correction [18]. 
The bouguer correction is a variation in the pull of rock masses on the earth's surface that can be calculated from the results of the derivation process [19]. The Bouguer correction can be written as follows:
BC = 0.000419Δhρ					(2)
BC is the bouguer correction (mGal), h is the difference between the height of the measurement point and the datum (m), and is the density (kg/m3) [20].
Terrain correction is caused by topographical factors in the measurement point area because there are topographical effects as well as large elevation differences, such as hills and valleys around the measurement station [21].
]			(3)
TC is Terrain Correction (mGal), G is universal constant,  is density of rock mass (kg/m3), r1 radius of inner circle (m), r2 radius of outer circle ( m), z is height of hill or depth of valley (m) [20]. 

Inversion Modeling
Inverse modeling is a process used to obtain information about subsurface structures based on observation or measurement data collected at the surface. Inverse modeling involves the use of algorithms and mathematical methods to transform observation data into a model or representation that approximates the actual conditions beneath the surface [22]. In general, inversion modeling is based on the following equation: 
 					(4)
[bookmark: _Hlk138965689][bookmark: _Hlk138777486]where F is the operator associated with the model, m is the model calculation data, and d is for the observation data, where the value of the calculation data and the observation data is done by trial and error so that the shape of the curve is the same [21].
 
RESEARCH METHOD
 
[bookmark: _Hlk139053631]The research location is on Mount Salak which is located between Bogor Regency and Sukabumi Regency, West Java with predetermined boundaries with an area of ​​587 km2 (Figure 2). Gravity anomaly data in the form of gravity disturbance (gd), geoid, and Digital Elevation Model (DEM) were obtained from the website of the International Center for Global Earth Models (ICGEM) with a total of 48740 data each. The data processing process, from data collection to 3D modeling, can be seen in the flowchart below (Figure 3).
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Figure 2. Research Area Map
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Figure 3. Research Flowchart

RESULTS AND DISCUSSION

Topography 
On the topographic map of the research area, it can be observed that the distribution of topographic values ranges from 306.4 to 1448.1 meters. The low-lying topography is found north of Mount Salak, with values ranging from 306.4 to 459 meters. The high-lying topography is located on Mount Salak and in several surrounding manifestations, with values ranging from 694.2 to 1448.1 meters (Figure 4).
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Figure 4. Topography Map

Complete Bouguer Anomaly (CBA) 
On the CBA map, it can be observed that the distribution of gravity anomaly values at the research location ranges from 25 to 134.6 mGal. The low anomalies in the central part of the research area have values ranging from 25 to 68.6 mGal, which are believed to be associated with the overlying clay cap layer and alteration zone due to subsurface hydrothermal flow. High anomalies surround Mount Salak with values ranging from 99.6 to 134.6 mGal, which are believed to be associated with the Mount Salak caldera consisting of lava flows and pyroxene-containing basaltic andesite (augite). This CBA map still contains a mixture of shallow residual anomalies and deep regional anomalies, so to eliminate ambiguity in the interpretation, separation of these anomalies needs to be performed (Figure 5).
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Figure 5. Complete Bouguer Anomaly Map

Regional and Residual Anomaly 
On the regional anomaly map in the research area, the distribution of gravity anomaly values ranges from 24.8 to 134.3 mGal. This regional anomaly is caused by the response of deep rocks beneath the Earth's surface and has contour shapes similar to the CBA map, but the contours on this regional anomaly map are smoother (Figure 6a). 
On the residual anomaly map, the distribution of gravity anomaly values ranges from -5.15 to 5.01 mGal. The low anomalies located directly beneath and around Mount Salak have values ranging from -5.15 to (-1.88) mGal, which are believed to be associated with the magma chamber of Mount Salak containing fluids and the distribution of the overlying clay cap layer with alteration minerals. The high anomalies located directly beneath and around Mount Salak have values ranging from 0.92 to 5.01 mGal, which are believed to be associated with the Mount Salak caldera composed of Salak volcanic rock formation (Qvsl), consisting of lava flows and pyroxene-containing basaltic andesite (augite). The high anomaly located directly beneath the manifestations (Fumarole and Ciparay Hot Springs) is believed to be an intrusive andesitic basalt rock, which is considered a reservoir rock containing hot fluids as the target of this research (Figure 6b).
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(a)						(b)
Figure 6. (a) Regional Anomaly Map, and (b) Residual Anomaly Map

3D Inverse Modeling In this stage, 3D inverse modeling is conducted to depict the subsurface structure of the geothermal system in the Gunung Salak region, West Java, correlated with the regional geological map. In the 3D model image below the surface of Gunung Salak, it can be observed from different perspectives that the clay cap has a density ranging from approximately 2.47 to 2.5 g/cc with a depth of 0 to 700 meters, while the andesitic basalt rock serving as the reservoir has a density ranging from approximately 2.74 to 2.91 g/cc with a depth of 700 to 3000 meters (Figure 7).
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(a)  					(b)
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(c)
Figure 7. Model 3D Gravity (a) Northwest View, (b) Northeast View, (c) Southeast View

In this 3D Isosurface model, it is conducted to visualize the shape and structure of the geothermal system in a three-dimensional manner, including the clay cap and reservoir beneath the surface. It is evident that the clay cap forms thin layers, while the reservoir appears as intrusive rock. Additionally, the model allows us to observe the shape of the magma chamber within Gunung Salak, which has a density value ranging from 2.47 to 2.5 g/cc with a depth of 0 to 3000 meters (Figure 8).
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(c)
Figure 8. Model 3D Isosurface (a) Northwest View, (b) Northeast View, (c) Southeast View

CONCLUSION

1. Based on the residual anomaly map, the low anomalies located beneath and around Gunung Salak have values ranging from -5.15 to -1.88 mGal, which are suspected to be associated with the magma chamber of Gunung Salak containing fluids and the distribution of the clay cap layer. The high anomalies located directly beneath and around Gunung Salak have values ranging from 0.92 to 5.01 mGal, which are believed to be associated with the caldera of Gunung Salak consisting of lava flows and andesitic basalt with pyroxene content (augite). The high anomalies beneath the manifestations are believed to be andesitic basalt intrusive rocks, which are considered as the reservoir containing hot fluids.
2. Based on the results of 3D inverse modeling to depict the subsurface structure of the geothermal system in the Gunung Salak region, West Java, correlated with the regional geological map, there is a clay cap as the overlying rock with a density ranging from 2.47 to 2.5 g/cc at depths of 0 to 700 m. Meanwhile, the andesitic basalt rock serves as the reservoir with a density ranging from 2.74 to 2.91 g/cc at depths of 700 to 3000 m.
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