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Abstract 

Mount Iyang-Argopuro is one of the geothermal working areas in the East Java. Mount Iyang-Argopuro has the potential of 185 MWe of 

reserves and 110 MWe of resources.  It is estimated to have a liquid dominated reservoir with temperature up to 250-275 oC. An early 3D natural 

state numerical model of Mount Iyang-Argopuro Field is created using TOUGH2 simulator in order to identify the undisturbed condition of 
reservoir and resource assessment. Since Mount Iyang-Argopuro geothermal area is still in the exploration stage, the model created based on based 

on geological, geophysical, and geochemical data. The model has an area 14 km x 8.2 km and 9180 m in thickness. The model consists of 7410 of 

rectangular cell blocks with the roughest cell size is 1000 m x 1000 m and the finest is 200 m x 500 m. The model is verified by matching the model 

temperature and pressure profiles to the calculated geothermometer temperature and pressure, which shows good match enough. 
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1. Introduction  
Mount Iyang-Argopuro geothermal system of is one 

of Indonesia’s geothermal prospect area which located in 

Bondowoso Region, Jember Region, Probolinggo Region, 

and Situbondo Region, East Java Province.  

 

Fig 1. Mt. Iyang-Argopuro Geothermal Area Location 

Map 

Mount Iyang Argopuro is currently in exploration 

stage based on SK WKP No 2067 K/30/MEM/2012 since 

2012 by Ministry of Energy and Mineral Resources 

(MEMR). The prospect area is 106.500 ha and estimated 

to have water-dominated reservoir (MEMR, 2017) 

Since no model of reservoir Mount Iyang-Argopuro 

are developed, this study aims to create a numerical model 

of Mount Iyang-Argopuro which represent the 

undisturbed condition or natural state condition of 

subsurface reservoir structure, heat and fluid flow inside 

the system, by integrating early obtained or exploration 

data. Numerical model is usually built using geoscience, 

well, and reservoir data (Di Pippo, 2012). However, in this 

study, the geoscience surveys are used as the main 

database to determine surface and subsurface conditions 

of the area since no deep hole has been drilled yet.  

The reservoir model has been created using 

PETRASIM TOUGH2 simulator. Natural state condition 

is reached by matching the pressure and temperature 

parameter of simulation model to actual based on normal 

hydrostatic pressure and geochemical geothermometers. 

The numerical model model can be used for further 

research. Numerical modeling aslo useful for reservoir 

resources assessment and future production performance 

prediction (Axelsson, 2012).  

2. Methodology  

The 3D numerical model is built based on geosciences 

data and conceptual model of the system. The grid-blocks 

system is created TOUGH2 simulator (Pruess et al., 2012).  

Mount Iyang-Argopuro geoscience geothermal data is 

collected, such as conceptual models, geological, 

geophysical and geochemical data. These data are 

processed to obtain input simulator data in the TOUGH2 

simulator.  

After model is created and initial condition of the 

model is assigned. The model is simulated in unlimited 

time untill it reaches the steady state condition. The 

minimum time required is 1 million years in order to reach 

natural state condition (Vereina, 2005). 

The model validation is done by matching the pressure 

and temperature profile from simulation results to 

calculated geothermometer and pressure gradient. If it 

does not shows a good match enough, an iterative 

calibration of input parameter should be done until it 

shows a good match.  
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Figure 2. Research Flowchart 

3.   Geoscience Data 

3.1 Regional Geology and Geological Structure  

Mount Argopuro is located at Iyang Mountains but 

actually, it is in bigger mountains, Kendeng Mountains. It 

is streched from west to east of Eastern Java. This 

mountain range is biting with other mountains such as: 

Mount Semeru, Lawu, Bromo and Mount Raung 

(Purwanto et al., 2017) 

The  Mount Iyang Argopuro Geothermal Area 

consists of nature reserve (0.02%), wildlife reserves 

(12%), protected forests (around 38.5%) , permanent 

production forests (18.4%), and other use areas (31%) 

(MEMR, 2017).  

The Argopuro Iyang region consists of volcanic rocks 

obtained by quaternary activity results of Old Mount 

Iyang-Argopuro and Young Mount Iyang-Argopuro. The 

evolution of volcanic activity shifts relative to the west, 

starting from Old Mount Iyang Argopuro (Mount Gilap 

and Mount Jembangan) to Young Mount Iyang-Argopuro 

(Mount Argopuro, Mount Semen and Mount Pandu) 

(MEMR, 2017).  

The geological structure of the Iyang-Argopuro area 

consists of normal faults - shear directed towards NE-SW, 

NW-SE and N-S. which controlling the appearance of the 

manifestation, such as solfatara in the crater of Cikasur, 

Cisentor, and Rengganis. Hot-warm springs in Cisentor, 

Tiris and Rabunan (MEMR, 2017). 

According to Nainggolan et al. (2015), Old Argopuro 

deposition grouped into seven rock units, those are Lava 

and Pyroclastic Unit Mount Gilap (Qlpg), Lava and 

Pyroclastic Unit Cemorokandang (Qlpck), Lava and 

Pyroclastic Unit Mount Gendeng (Qlpgd), Lava and 

Pyroclastic Unit Mount Patrol (Qlpp), Lava and 

pyroclastic Unit Mount Malang (Qlpm), Lava and 

pyroclastic Unit Mount Siluman (Qlps) and Lava and 

pyroclastic Unit Mount Berhala (Qlpb).  

This arrangement is sorted from old to young, with 

Lava and pyrocatstic Unit Mount Gilap (Qlpg) is the 

oldest one, while the Lava and Pyroclastic Unit Mount 

Berhala (Qlpb) is the youngest. These unit are composed 

by basaltic andesite lava and the volcanic breccia. Basaltic 

andesite are dominant in all rocks unit than the volcanic 

breccia, except at Lava and Pyroclastic Unit Mount 

Malang (Qlpm) 

Young Argopuro deposition grouped into three rock 

units, those are Lava Pyroclastic Unit Taman Hidup 

(Qlpth), Lava and Pyroclastic Unit Jambangan (Qlpj) and 

lava and pyroclastic unit Argopuro-dominant Rengganis 

(Qlpar). All three of these units can be equal with Post - 

Caldera Iyang / Argopuro group.  

 

Figure 3. Mount Iyang-Argopuro Geological Map (Nainggolan et al., 2015) 

Argopuro volcanic rocks consist of andesites - 

basaltic, porphyry basalt, trachy basalt, and sometimes 

attractive altered breccia breccias, and micro-microbials 

suspected of breaking through volcanic rocks from Mount 

Argopuro products (Indarto, Fauzi, Gaffar, Abdullah, & 

Utara, 2011) 

3.2 Geophysical Data 

A. Gravity 

According Nainggolan et al. (2015) gravity anomaly 

colored in red indicating a volcanic neck of Mount Iyang-
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Argopuro which estimated to be the heat source of the 

system. 

 

Fig 4. Gravity anomaly of Mount Iyang-Argopuro (Nainggolan et al., 2015) 

Low anomaly in Peak of Mount Iyang Argupuro 

indicating that crater area is a prospect area. This 

statement is supported by the appearance of surface 

manifestations and alteration in the location. 

B. Magnetotelluric (MT) 

According to (Singarimbun et al., 2017) the system 

structure of Mount Iyang-Argopuro geothermal prospect 

is identified by four components by different range of 

resistivity distribution. 

Mineral alteration is identified by the resistivity of less 

than 8 ohm-m at depth of 2000 m. The lateral resistivity 

value distinction indicating fault structure. The resistivity 

distribution value over than 8 ohm-m is identified as 

reservoir rocks which located at depth of 2000 m – 5000 

m. Meanwhile, the resistivity distribution of over than 

1024 ohm-m is identified as the heat source is located at 

8000 m depth. 

The  MT data from Mount Iyang-Argopuro is shown 

in Figure 5 below

 

 

Fig 5. The MT Line and Inversion Results of Mount Iyang-Argopuro (Singarimbun et al., 2017) 

C. Geochemical Data 

Geothermal manifestations of Mount Iyang-Argopuro 

are hot spring in the Rabunan area, hydrothermal 

alteration, and fumarole. 

Based on the results of geochemical analysis by 

Indarto, et al., (2011) SiO2 (106.50 - 108.17) mg / l, HCO3 

(464.80 - 484.05) mg / l, Cl (19.50- 24.94) mg / l, so hot 

water is interpreted as a type of bicarbonate. Therefore the 



 
116  Asmorowati et al./ JGEET Vol 6 No 2/2021   
 

hot spring of this area is estimated to be an outflow zone 

due to the type of water indicated. 

The alteration minerals indicate that in the Rabunan 

geothermal system at that time there is a change in 

temperature (Indarto et al., 2011) 

Fumarole appears in the peak of Mount Iyang-

Argopuro. The gas geotthermometer analysis (CAR-

HAR) indicated that the reservoir temperature is 

approximately 275 oC. The fomarole are identified to be 

upflow zone of the system. The gas component ratio 

(H2/Ar, H2S/Ar, CO2/H2, H2S/H2) are indicating the 

reservoir temperature is 250 oC – 275 oC. 

 

Fig 6. Gas Geothermometer (CAR-HAR) (MEMR, 2017) 

4.   Conceptual Model 

The basis for constructing the conceptual model is the 

analysis of geological, geochemical, and geophysical 

information, temperature and pressure data, information 

about reservoir properties and information about the 

chemical content of reservoir fluids (Axxelson, G., 2013) 

The conceptual model of Mount Iyang-Argopuro is 

shown in Figure 7. 

 

Fig 7. Conceptual Model of Mt. Iyang-Argopuro Geothermal 

System, East Java Province (MEMR, 2017) 

Upflow zone located in Peak of Mount Iyang-

Argopuro which is indicated by the appearance of solfatar 

and mineral alteration. The hot rock of the system also 

identified underneath Mount Iyang-Argopuro. The system 

is bounded by Sumbermalang Fault in  the East, Cemara 

Lima in North.  

5.   Model Description 

5.1 Reservoir Boundary 

This model is created using a 12 x 6.2 km reservoir 

area and addition of 1 km boundary in every side of model. 

The east and west reservoir boundaries use the 

consideration of magnetotelluric data (MT) cross-section 

AC (A from west to C from the east), the northern 

boundary of the reservoir area using consideration of the 

location of the manifestation of the hot spring shown in 

the Figure 8. 

While the southern boundary is the limitation of this 

research problem. This southern boundary does not have 

any data yet, that can be used as consideration for 

determining the side boundary of the 3D model, so the 

assumption uses gravity data from the top view (in figure 

2a). 

 

Fig 8. Reservoir Boundary Determination Based on MT, Gravity, and Manifestation Data (modified from Gaffar et al., 2012; Indarto et 
al., 2011; Nainggolan et al., 2015)

5.2 Reservoir Thickness 

Reservoir thickness is identified from the MT survey, 

the vertical area has medium resistance  about 30 Ωm – 

1000 Ωm. It is interpreted as a reservoir with 1000 m - 

3000 m depth. (Ghaffar, Indarto, & Sudrajat, 2012) 

5.3 Grid System 
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The 3D numerical model has of 14000 m in x-axis, 

8200 m in y-axis, and 9180 m to z-axis. The model 

consists of 7410 of rectangular cell blocks with the 

roughest cell size is 1000 m x 1000 m and the finest is 200 

m x 500 m. 

 This model has 19 layers with different layer 

thickness depending on the region. Several regions such 

as reservoir need to be fine in order to obtain accurate 

calibration. Generally, the model has thickness of 500 m 

in each layer, except at first layer (200 m) and the second 

layer (480 m).  

Table 1. Layer Thickness of The Model 

Layer Thickness (m) 

ATM 200 m 

Layer 2 480 m 

Layer 3-19 500 m 

 

The grid-blocks scheme of Mount Iyang-Argopuro 

numerical Model are shown in Figure 9 below. 

 

Fig 9. 3D Grid Blocks gor Numerical Model of Mt. Iyang-
Argopuro Field 

5.4 Rock Properties 

Assign rock properties in each zone is the next step 

after creating a grid system. The rock properties consist of 

density, porosity, permeability (x,y,z direction), thermal 

conductivity and specific heat. The most important 

parameter in a natural state is permeability which can 

control the fluid flow in geothermal system. 

5.5 Top Boundary 

The top boundary is made into an atmospheric 

condition. It is assigned at the top surface with 1 bar for 

pressure and 25 oC for temperature. The top boundary is 

assigned to have a huge volume factor to ensure the 

atmosphere does not affected by reservoir condition 

(Firdaus, Sutopo, & Pratama, 2016). 

5.6 Side Boundary 

All side boundary is set to be a no-flow boundary 

which means the boundary has a very low permeability. 

The model is designed to make sure that no flow of mass 

or heat from and into the system from the lateral side. 

5.7 Bottom Boundary 

The bottom boundary is the heat source. It is set for 

350 oC of temperature and 7.2E07 of pressure. The heat 

source volume factor is set at 1.0E36 to ensure the 

pressure and temperature of heat source have a proper 

influence in the system.  

5.8 Initial Condition 

To accelerate the modeling process, we have to create 

an initial condition to assign pressure and temperature 

value each grid blocks. In this model, we will use linear 

pressure and temperature gradients. For temperature, 

thermal gradient of  3oC/100m is used in this this model. 

And for pressure, hydrostatic gradient of 0.0979 bar/m. 

Both gradients applies to every depth from the surface. 

Table 2. Material Properties 

Layer 
Permeability (m3) 

Horizontal Vertical 

ATM 1.0E-13 1.0E-13 

CAPR 1.0E-18 1.0E-18 

RES 1 8,0E-15 4,0E-15 

RES 2 1,0E-14 5,0E-15 

ALTR 1,0E-14 5,0E-15 

HS 3,0E-15 1.0E-15 

BOND 1.0E-18 1.0E-18 

 

The material is assigned to the model based on the 

distribution of rock properties derived from MT survey. 

The distribution of material in the model is shown in the 

Figure 10. 

The top material is atmosphere to represent the earth 

surface condition. The atmosphere is assigned in top layer 

to layer 6. Followed by thick clay cap rock layer which is 

lies varies from layer 2 to layer 13. Beneath the cap rock, 

lies the main reservoir which has average thickness of 

1000 m. Then followed by hot rocks which in this model 

is stated as reservoir 3 or ALTR. The heat source is 

assigned to 9 blocks at the bottom of model at depth of 

8000 m.  

 

Fig 10. Distribution of Rock Types in Layers 

6.   Result And Discussion  

Natural state condition is the initial condition of 

unexploited geothermal system and before any 

production. Natural state validation in this model done by 

temperature matching between the model temperature and 

geothermometer estimation.  

Since no deep hole well drilled yet. A synthetic well 

is made in the model in order to measure the model 

temperature and pressure. The sintetic well located at 

model coordinate x,y  (9250,4450). This well has a depth 

of 4500 m from the surface to the reservoir zone.  

Hot mass is injected through 9 blocks of heat source 

with the total mass flow of 5 kg/s. Then the model is 

simulated.  

After the simulation, the recorded temperature and 

pressure is subject to later matching with the calculation 

of geothermometer and pressure gradient. Mount Iyang-

Argopuro numerical model reaches the natural state and 

steady-state condition after 2,23 billion years of 

simulation. 
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Fig 11. Temperature and Pressure Result 

From the Figure 11, the identical trendline is shown 

beetwen model and actual for both temperature and 

pressure. The temperature recorded in the reservoir is 260-

270 oC, which shows a good match enough between model 

and the geothermometer calculation which is around 275 
oC. 

The heat transfer from the top of reservoir, along the 

cap rock, to the surface is identified as a conduction heat 

flow as the temperature gradient is relatively slant. While 

convective heat flow is identified in the reservoir from the 

vertical temperature gradient of fluid.  

Besides matching the temperature and pressure, It is 

important to identify the mass and heat flow from heat 

source to the entire system.  

Based on simulation results in Figure 12 and Figure 

13, the hot mass from the bottom of Mt. Argopuro is 

flowing upward, toward the peak of Mt. Argopuro. This 

phenomenon is identified as upflow zone which is 

correspond to the existence of surface manifestation in the 

form of fumarole at Rengganis Peak. 

 

Fig 12. Model Heat Flow Compared to Conceptual Model 

 

Fig 13. Model Heat Flow in Horizontal Cross Section 

The hot mass then filling the reservoir zone through the 

system faults (NE-SW) towards west following the clay cap 

distribution. A portion of mass also flows towards north and 

south which is indicated by the emergence as hot water 

manifestation in Rabunan and Cisentor. These phenomena are 

the outflows of the system such as in Figure 12 and 13. 

The cold water, which is identified as recharge water is 

flowing throgh western part of the system and then flows 

downward through the geothermal fault system and eastward 

into the system heat source and reservoir. This phenomenon is 

match to the prediction of recharge zone in the conceptual 

model of the system. 

7. Conclusions 

The 3D natural state numerical model model of liquid-

dominated reservoir of Mount geothermal area has been 

developed based on geosciences data since limited 

petrophysical data available.  
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The model is validated by matching the model temperature 

and pressure to the calculation of geothermometer and pressure 

gradient after being simulated for 2.23 billion years.  

The reservoir temperature reaches 260-270 oC and shows a 

good match to the gaothermometer calculation.  

The mass and heat flows in the model are similar to the 

conceptual model where the hot mass is flow upward into peak 

of Mt Argopuro and filling the reservoir into west direction. 
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