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Abstract: This study aims to determine the relationship of 

heat reservoirs in the Kelud, Kasinan-Songgoriti, and 

Arjuno-Welirang geothermal systems based on gravity data 

analysis. Gravity data are obtained from Geodetic Satellite 

(GEOSAT) and European Remote Sensing-1 (ERS-1) Satellite 

which have been corrected to free air correction. The result of 

gravity data analysis is in the form of a complete Bouguer 

anomaly which represents the gravity anomaly below the 

surface. The results of the complete Bouguer anomaly value 

obtained were -15,238 mGal to 86,087 mGal. Based on these 

results, regional anomalies and residual anomalies will be 

separated to determine the depth of the two anomalies. 3D 

modeling was carried out based on the complete Bouguer 

anomaly data to determine the reservoir relationships in the 

Kelud, Kasinan-Songgoriti, and Arjuno-Welirang geothermal 

systems. 
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I. INTRODUCTION 

Indonesia is located in the Pacific Ring of Fire region, 

where there is an active plate meeting. The resulting effect is 

the emergence of volcanic activity along the path through the 

ring of fire. The magnitude of volcanic activity gives rise to 

considerable geothermal potential [1]. Geothermal is one of 

the environmentally alternative energy sources in the form of 

thermal energy stored in subsurface rocks [2]. Geothermal 

potential in Indonesia is one of the largest in the world, with 

a potential of 11,073 MW and reserves of 17,506 MW [3]. 

Geothermal potential in Indonesia is mostly located in the 

Java and Sumatra Island regions, one of which is in East 

Java, those are Kelud, Kasinan-Songgoriti, and 

Arjuno-Welirang regions. 

Manifestations in Kelud, Kasinan-Songgoriti, and 

Arjuno-Welirang areas are forming of fumaroles, solfatara, 

and hot springs. In Kelud crater, there is manifestation that 

form of fumarole. Meanwhile, around the summit of Mount 

Welirang there are manifestations in the form of fumarole 

and solfatara [3]. In the Kasinan-Songgoriti areas there are 
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manifestations of hot springs [4]. There are also 

manifestations of hot springs in the Cangar area in Batu City, 

and Padusan in the Mojokerto Regency [5]. 

 

 
Fig. 1. Research area map 

 

 
Fig. 2. Geological map of research area  

 

Mount Kelud located in the region of Kediri Regency, 

East Java, is one of the active volcanoes on the island of Java. 

There are several rock formations in the Kelud, which are 

dominated by igneous andesite, basalt, volcanic sand and 

lava [2]. Morphology of Mount Kelud is irregular in shape, 

causing of the explosive eruption of Mount Kelud which was 

followed by the process of lava dome formation [6]. 

Kasinan-Songgoriti areas belong to Batu City region, 

which is surrounded by ancient volcanoes, that are Mount 

Panderman, Mount Kawi, and Mount Butak [7]. Geological 

formation in Kasinan-Songgoriti regions is Upper 

Quaternary Volcanics formation, which consist of volcanic 

breccias, lava, tuff, tuff 

breccias, agglomerates, and 

lava. 

Arjuno-Welirang, located 
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in East Java, is the Quaternary age. Geothermal systems in 

Arjuno-Welirang have steep terrain and are associated with 

volcanic systems [8].  

The existence of heat source in Arjuno-Welirang comes 

from magmatic sources [9]. Geothermal manifestations that 

appear in Arjuno-Welirang, formed of fumaroles and 

solfatara that emerge from the crater of Mount Welirang, as 

well as manifestations of hot springs that appear in Cangar 

and Padusan which are under the Mount Arjuno-Welirang.  

The morphology of Kelud volcano was steep, irregular 

sharp, and there was a lake crater. Type of Kelud volcano is 

stratovolcano that has heat eruption cloud deposits, and 

consists of pyroclastic rocks and andesitic lava [13]. 

Kasinan-Songgoriti-Cangar hot springs areas are associated 

with Arjuno-Welirang complex, Mount Kawi complex, and 

Kelud volcano [11].  

Arjuno-Welirang complex is a quaternary active volcano 

which belongs to Arjuno-Welirang volcano complex. 

Arjuno-Welirang volcano complex is a volcano hosted 

geothermal system that associated with volcanic system and 

has steep terrain [8]. Manifestations of Cangar and Padusan 

hot springs are located under of Mount Arjuno-Welirang, 

where Cangar fault is the main controlling factor of Cangar 

hot springs, and Padusan fault is the main controller of 

Padusan hot springs in Mojokerto [5]. The geological 

structures in Arjuno-Welirang complex are based on the fault 

formed. The Cangar fault, the Pucung fault, and the Claket 

fault, where these faults are possible to control the 

appearance of Cangar hot spring. The Padusan fault, the 

Kemiri fault, and the Bakal fault, where these faults are 

possible to control the appearance of Padusan hot spring [8]. 

The geological structure of Kelud, Kasinan-Songgoriti, and 

Arjuno-Welirang is associated with volcanic activity that 

surrounded the research area [12]. 

II. METHOD 

The gravity method is one of the subsurface exploration 

methods. Gravity measurements are carried out by 

measuring the gravitational field at a measuring point in an 

area. The gravity method works with the working principle 

of comparing the mass density of an object below the surface 

to the mass density in the environment around the 

observation point. The basic principle of the gravitational 

method is Newton's Law of Gravity which explains the force 

acting between two points of mass, which is formulated as in 

 

              (1)   

               

Where: 

F : the force acting between two masses m1 and m2.  

 : directional vector from m2 to m1. 

 : the gravitational constant,  

in SI is 6.672 × 10-11 Nm2/ kg2. 

 

This research are located at coordinate positions 

7°38’31.29” - 7°58’15.40” S and 112°15’51.36” - 

112°37’44.63” E, which cover the geothermal manifestation 

areas of Kelud, Kasinan-Songgoriti and Arjuno-Welirang , 

East Java. The purpose of this study is to identify the relation 

of heat reservoir from the three geothermal manifestations of 

the study area. The gravity data used in this study is satellite 

gravity data obtained from the Geodetic Satellite (GEOSAT) 

and European Remote Sensing-1 (ERS-1) Satellite pages 

with the website address http://topex.ucsd.edu/cgi-bin/get_data 

.cgi [10]. 

 

 
Fig. 3. The gravity data point of research area 

III. RESULTS AND DISCUSSION 

A. Complete Bouguer Anomaly 

The results obtained from processing gravity data in the 

form of a complete Bouguer anomaly. Complete Bouguer 

anomaly describes the total subsurface anomaly of the study 

area, which consists of regional anomaly and residual 

anomaly. 

 

 
Fig. 4. Complete Bouguer anomaly contour map of 

research area 

 

Figure 4 shows the 

complete Bouguer anomaly 

contour map of the study area. 
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The range of complete Bouguer anomaly values are -15,238 

mGal to 86,087 mGal, In this study, the complete Bouguer 

anomaly was used as basic for the gravity data inversion 

modeling. 

 

 

B. Separation of Regional and Residual Anomalies 

 

 
Fig. 5. Regional anomaly contour map of research area 

 

Figure 5 shows the regional anomaly contour map of the 

study area. Regional anomalies describe subsurface 

anomalies that are deep. The range of regional anomaly 

values is -1,150 mGal to 73,807 mGal. 

 

 
Fig. 6. Residual anomaly contour map of research area 

 

Figure 6 shows anomaly residual contour map of the 

study area. Residual anomaly describes shallow subsurface 

anomalies. Residual anomaly value is ranging from -26,833 

mGal to 13,393 mGal. 

 

C. Interpretation of Gravity Data 

In this research, the inversion modelling based on 

complete Bouguer anomaly was consists of two cross 

sections. A-A' is the cross section that oriented from the 

manifestation of Kelud to the manifestation of 

Kasinan-Songgoriti, with contrast density value ranging 

from -0,581 g/cm3 to 0,318 g/cm3. 

 

 
Fig. 7. Inversion data model of research area 

 

 
Fig. 8. A-A’ cross section of research area 

 

A-A' cross section with a range of low contrast density 

values of -0,581 g/cm3 to -0,121 g/cm3, the reservoir is 

suspected to be found at a depth of approximately 50-100 

meters from the surface, with 

a thickness of about 3500 - 

4500 meters. 
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B-B' is the cross section that oriented from the 

manifestation of Kasinan-Songgoriti to the manifestation of 

Arjuno-Welirang, with contrast density value ranging from 

-0,581 g/cm3 to 0,318 g/cm3. 

 

 
Fig. 9. B-B’ cross section of research area 

 

 
Fig. 10. Clipping data of research area 

 

B-B' cross section with a range of low contrast density 

values of -0,581 g/cm3 to -0,121 g/cm3, the reservoir is 

suspected to be found at a depth of approximately 20-50 

meters from the surface, with a thickness of about 4000-5000 

meters. Heat reservoirs are indicated by rock bodies that are 

dark blue to light blue which have a relatively low contrast 

density value that is possible as volcanic breccia rocks. In a 

geothermal system, there is a type of cap rock. When 

reviewed based on information contained in the regional 

geological map of the study area, in Kelud, 

Kasinan-Songgoriti, and Arjuno-Welirang areas there is a 

type of rock that has the characteristics and types of 

distribution that are very potential as a layer of cap rock, that 

is tuff. Tuff is a type of rock that has high permeability, that 

means if its presence is founded in the geothermal area, it can 

be estimated that there is a structure which is a pathway for 

the movement of thermal fluid to the surface. 

The continuity of Kelud, Kasinan-Songgoriti, and 

Arjuno-Welirang geothermal systems can be done by making 

clipping data on the inversion modeling results. Clipping 

data is done by selecting a low contrast density value which is 

interpreted as a heat source and as a reservoir rock. The heat 

source is represented in dark blue, while reservoir rocks are 

represented in light blue. The results of clipping data 

modeling are based on the range of reservoir rock density 

values in the Kelud, Kasinan-Songgoriti, and 

Arjuno-Welirang geothermal systems. 

 

IV. CONCLUSION 

Based on the interpretation and analysis of gravity data, it 

can be seen that Kelud, Kasinan-Songgoriti and 

Arjuno-Welirang geothermal systems are not from one 

reservoir rock. The three manifestations of geothermal 

systems have different reservoir rocks. Where the source of 

manifestation in Kelud comes from rocks under the surface 

of Mount Kelud that come out through the Kelud crater. The 

reservoir rocks of Kasinan-Songgoriti geothermal 

manifestation areas come from Mount 

Kawi-Butak-Panderman. Arjuno-Welirang geothermal 

manifestation comes from the active volcanism of Mount 

Arjuno-Welirang.   
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