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Abstract 

The existences of several hot springs between Slamet volcano, Paguyangan, and Cipari Districts raised questions regarding their origin. Several 

studies have been conducted related to the hydrothermal system at the location. Subsequent studies are needed to understand the hydrothermal 
system at the research site for the sustainability and conservation of geothermal natural resources. This research has reviewed several previous 

studies plus the latest information on the origin of hot spring water with the help of deuterium (2H) and 18O isotopes. This study used geochemical 

analysis of hot springs (geothermal) and local meteoric water to obtain information on isotope values. This was used for the interpretation of the 
origin of geothermal water. This study also used regional geological analysis methods for the interpretation of the mechanism for the emergence of 

these hot springs. The results of the analysis informed that the origin of hot water was local meteoric water. The geological structure was weak 

enough to allow water from the geothermal reservoir to reach the surface and meteoric water into the reservoir. 
 

Keywords: Slamet volcano, Paguyangan, Cipari, Geothermal water 
 

 

 

1. Introduction 

1.1 Background 

There are several hot springs in the area between Slamet 

Vulcano, Paguyangan and Cipari Central Java. The distribution 

of these hot springs raises the question: what is the origin of the 

geothermal springs at this location? It is important to 

understand more about the possibility of the existence of several 

geothermal systems that control the distribution of some of 

these hot springs. 

Several studies on hot springs at the research sites have 

been carried out previously with several different research 

methods (Juhri and Harijoko, 2016; Sumaryadi, 2014; Permana 

dan Mulyadi, 2018; Kastowo, 1975). Further studies need to be 

carried out continuously to get more complete information 

about the developing hydrothermal system. It is expected to be 

able to provide more useful information for the management 

and development of geothermal and renewable energy. 

1.2. Literature Reviews 

 Regional Geology : The geological conditions of the study 

area can be seen from several aspects such as the stratigraphic 

arrangement and control of geological structures. From old to 

young, the stratigraphy of the study area is composed of 5 

different rock formations. The first formation of the Miocene 

age is the Pemali Formation which is composed of marl with 

the insertion of tufan sandstones and limestones. The second 

formation formed is the Rambatan Formation with the 

dominance of sandstones in it. Above the Rambatan Formation 

there is the Halang Formation which is composed of tuffaceous 

sandstones, conglomerates, marl and claystone (Kastowo, 

1975). On top of the three formations of tertiary ages, there are 

two rock formations which are the result of the eruption of 

Slamet Volcano, namely Slamet Compacted Volcanic Rock and 

Lava of Slamet Volcano (Djuri et al, 1996). The existence of a 

geological structure in the form of a fault that extends from the 

northwest to the southeast represents control of the geological 

structure in the study area.The fault structure that controls 

Slamet Volcano geothermal System consists of one main 

normal fault and three strike-slip faults. The main normal fault 

of Slamet is very influential in the appearance of the volcanic 

cone of the Slamet Muda Volcano. The presence of a normal 

fault is very important as a controller of rock permeability in 

the reservoir (Direktorat Panas Bumi, 2017). 

Geothermal Water : Water in geothermal systems come 

from several sources, including surface (meteoric) water, 

formation water (connate waters), metamorphic waters and 

juvenile waters (Nicholson, 1993). Ellis and Mahon (1967) also 

explained that geothermal fluids can be produced from 

reactions between meteoric groundwater and host rock. 

Experiments on the origin of water in geothermal water 

conducted by Craig (1963) stated that geothermal water shows 

similarities to local meteoric water. This is based on the 

meteoric waterline model that was also proposed by Craig in 

1961.Several studies on the origin of geothermal water have 

been carried out. Lu et al (2018) used the 18O and 2H methods 

to determine the origin of geothermal water. The study 

concluded that geothermal water at the study site came from 

local meteoric water. Chatterjee et al (2017) also uses isotopes 
18O and 2H to determine the origin of geothermal water. This 

study concludes the origin of geothermal water comes not from 

meteorics water but formation water that is stored long in rock 

layers. 

1.3. Location 

Research location is located in the area around Slamet 

Volcano, Paguyangan, Bantarkawung, and Cipari, Central Java. 

The location is limited by the geographical coordinates of 
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108.70° - 109.26° East Longitude and 7.01° - 7.52° South 

Latitude, which can be reached from the nearest cities 

(Purwokerto, Cilacap) using two-wheeled vehicles or four-

wheeled vehicles (Fig 1). 

 

Fig 1. Research location 

2. Methods 

This research was conducted based on geochemical 

analysis of geothermal isotopes and geological analysis. The 

first step is to observe geothermal manifestations and then take 

geothermal and meteoric water samples.  Then the obtained 

water samples were analyzed in the laboratory to obtain 

information on deuterium (2H) and 18O isotopes of geothermal 

and meteoric water. The laboratory analysis was carried out for 

the interpretation of the origin of geothermal water (meteoric, 

magmatic, or others). Geochemical analysis of geothermal 

water was carried out on samples from springs and hot spring 

or geothermal pools from Paguyangan, Buaran, Bantarkawung, 

Saketi, and Cipari Districts. Geothermal isotope data were 

obtained from laboratory analysisand from previous research, 

namely: Pancuran-3, Pancuran-7, Guci, Cahaya, Sigedong 

(Sumaryadi, 2014). The results of the analysis of deutrium and 
18O isotopes were then analyzed for the interpretation of the 

origin of the geothermal water and hydro geochemical 

processes that accompanied its appearance on the surface. 

Geological analysis was carried out to estimate the locations 

where meteoric water came into the reservoir and where the 

geothermal water came out to reach the surface. 

3. Result and Discussion 

3.1. Distribution of Geothermal Manifestations 

Manifestations of Geothermal Systems area between 

Slamet Volcano, Paguyangan, Bantarkawung, and Cipari is 

spread over a range of more than 50 kilometers from the 

SlametVolcano crater. In the east, there is a collection of hot 

spring manifestations around Slamet Volcano, namely the hot 

springs of Pancuran-3, Pancuran-7, Guci, Cahaya, Sigedong, 

and Saketi. In the central part of the research location there are 

several hot springs, namely Paguyangan, Buaran and 

Bantarkawung hot springs. Whereas in the south-west there are 

Cipari hot springs (Fig 2). 

3.2. Chemistry Data of Hot and Cold Water  

Laboratory analysis of water from hot and cold spring 

samples has been carried out by several previous studies. 

Observations and sampling that did not have laboratory analysis 

data were carried out on the manifestations of hot water and 

cold water at the study site. The water samples were then 

analyzed to determine the isotopic content of 2H and 18O (Table 

1). 

 

Fig 2. Distribution of hot springs at the study site 

3.3. Origin of Geothermal Water 

The interpretation of the origin of geothermal water in the 

study location was based on the calculation and ratio of 

deutrium and 18O isotope components. Plotting of deutrium and 
18O water isotope data laboratory analysis of geothermal and 

cold water at the study site reveals several trends, namely: 

a. Plotting of deutrium and 18O isotopes data of local cold 

water samples shows consistent with global meteoric 

water lines. Both the local and global meteoric water lines 

arealmost coincidental. Variations in local and global 

deuterium and 18O isotopes values are controlled by 

temperature, geographic location, rainfall, distance 

relative to the sea, and elevation. 

Table 1. Deutrium And 18O Water Isotopes Analysis Result 

No. Location Code del 8O del D 

 Hot springs    

1 Paguyangan LP1 * -5,2 -27,5 

2 Buaran LP3 * -5,8 -31,0 
3 Bantarkawung( LP5 * -5,4 -30,9 

4 Cipari LP7 * -3,7 -22,5 

5 Pancuran 3 P3 ** -6,4 -39,1 
6 Pancuran 7 P7 **** -7,9 -51,4 

7 Guci GU ** -6,9 -44,7 

8 Cahaya CA ** -6,1 -41,1 
9 Sigedong SI ** -6,6 -41,0 

10 Saketi SA - - 

11 Cipari CP2 *** -3,2 -21,8 

 Springs/Wells    

1 Kalipagu KP ** -7,5 -44,3 

2 Sigedong SG ** -7,8 -48,0 

3 Cipari LP8 * -5,8 -33,7 
4 Bantarkawung LP6 * -5,8 -35,7 

5 Paguyangan LP2 * -5,3 -30,6 

6 Buaran LP4 * -6,5 -38,9 

Notes:    

* : Laboratory analyses   

** : Sumaryadi (2014)   
*** : Permana dan Mulyadi (2018)  

**** : Iswahyudi, et al (2015)  

 

b. Plotting of deutrium and 18O isotopes hot water samples 

data generally similiar to global and local meteoric water 

lines even though there are varied deviations in each 

plotting point in all locations of hot water manifestations. 
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Deviation in the values of deutrium and 18O values (shift) 

are interpreted to occurs because of the enrichment of 

these isotopes, and related processes of interaction of 

geothermal water and rocks (enrichment of 18O) and 

evaporation on the surface (enrichment of deutrium). 

c. Plotting data on samples of hot and cold water in the 

Bantarkawung area almost coincided at the same point. It 

is interpreted that, the origin of Bantarkawung geothermal 

water came from a relatively very close location. The 

similarity of plotting can also be caused by the close 

circulation of meteoric and geothermal fluids that have 

reached a relatively perfect balance. 

d. In general, the geothermal water of the study site came 

from the local meteoric water. This is indicated by the 

position of plotting data of deutrium and 18O isotopes 

which tend to correspond to local and global meteoric 

water lines even though there are enrichments of both of 

these water isotopes. 

The analysis of the origin of the geothermal water described 

above is shown in Fig 3 below. 

3.4. Hot springs Existence Mechanism Interpretation 

The emergence of hot springs is closely related to existing 

geological conditions. Based on the geological map data around 

the study site, the lithology consists of tertiary-aged 

sedimentary rocks and quarter-age volcanic rocks (Fig 4). 

Tertiary-aged sedimentary rocks are folded, fractured and 

faulted in several places. Those places are weak zones that 

allow geothermal water from the reservoir to reach the surface 

or close to the surface. It is confirmed that almost all hot springs 

that appear on tertiary sedimentary rocks are located in the 

fracture or fault zones. These fractures and faults also allow 

meteoric water to enter into geothermal and heated reservoirs 

(Fig 4). 

Some hot springs appear in quarter-age volcanic rocks that 

do not have fracture or fracture indications. It was interpreted 

that the appearance of several hot springs was also caused by 

geological structures in the form of fractures or faults covered 

by volcanic lithology from quater-age volcanic eruptions (Fig 

4). 

 

Fig 3. Interpretation of the origin of geothermal water at the study site. 

 

Fig 4. Geological map that shows the geological structure density (fracture or fracture) of the research location (Kastowo, 1975). 
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4. Conclusion 

Geothermal water from samples of Paguyangan, Buaran, 

Bantarkawung, Cipari, Pancuran 3, Pancuran 7, Guci, Cahaya, 

Sigedong, Saketi, Cipari comes from local meteoric water. In general, 

enrichment values of 18O and 2H occur in geothermal water from 

values of 18O and 2H of local meteoric water. This is interpreted 

because of interaction of geothermal water and rock and surface 

evaporation. The enrichment of the value of 18O geothermal water 

from the Sigedong, Cahaya, Pancuran 3 and Pancuran 7 regions 

indicates more intensive processes of geothermal water rock 

interactions than those that occur in other regions. Differences of the 

local meteoric water lines of the study area and global meteoric water 

line occur because of differences in geographical latitude and distance 

from the sea where the water samples are taken. Hot springs at the 

study site coincide with the locations of geological structures in the 

form of faults, fractures and folds. It is interpreted that, these locations 

are weak zones that allow geothermal water from the reservoir to reach 

the surface and meteoric water can enter the reservoir. 
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