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 Abstract: The presence of several hot springs in Sembalun – Rinjani, East Lombok, West 
Nusa Tenggara is an indicator of geothermal potential in the area. This study aims to 
determine the characteristics of hot springs and cold springs and also the geothermal 
potential in Sembalun – Rinjani area using isotopes and geochemistry methods. The 
result of δ18O and δ2H stable isotopes analysis shows that most of the hot springs are 
meteoric water. Except for Kalak hot spring, other hot springs are a mixing product of 
meteoric water and andesitic water, with meteoric water composition between 64 to 87%. 
While 14C radioisotope suggests that the age of hot springs in the Sembalun area is about 
10,000–12,000 years BP, the surrounding cold springs are mostly Modern except Jorong 
cold spring. The results of gas analysis (He, Ar, and Ne) also suggest the same origin of 
geothermal fluid, i.e., meteoric water origin. Based on chemical composition, Kalak hot 
spring is plotted as sulfate type water, while Sebau hot spring is plotted near mature water 
composition but not representing reservoir fluid due to its relatively low temperature and 
high Mg content. Na/K geothermometer calculation from Sembalun area shows that 
subsurface temperature is varied between 111−161 °C, while from Rinjani hot springs 
indicates higher subsurface temperature, i.e., 250−260 °C. It is estimated that reservoir 
fluid has high TDS with chloride content up to 4000 mg/L. 

Keywords: geothermal; Sembalun – Rinjani; hot spring; cold spring; isotope; geochemistry; 
geothermometer 

 
■ INTRODUCTION 

Sembalun is located on the east flank of Mount 
Rinjani, East Lombok Regency, Lombok Island – 
Indonesia. Geographically, Sembalun is surrounded by 
mountainous hills with elevation about 800–1100 m above 
sea level, around 60 km from Mataram, the capital city of 
West Nusa Tenggara Province. There are several cold 
springs in the valley of Sembalun that being uses by 
surrounded villagers for daily use and agricultural use, 
while some hot springs also emerge from this area, namely 
Kalak, Orok, and Sebau. Some hot springs with higher 
temperatures also emerge at a higher elevation, near Segara 

Anak Lake, a crater lake of Rinjani Mountain. The 
presence of several hot springs in the area is an indicator 
of geothermal energy potential, thus might be utilized to 
meet electricity demand in Lombok Island. Based on 
previous work, the Ministry of Energy and Mineral 
Resources has identified the prospective of the Sembalun 
area to be developed for its geothermal energy [1]. The aim 
of this current study is to determine the characteristics 
of hot springs and cold springs and asses its geothermal 
potential using isotopes and geochemistry data in the 
hydrogeological framework. The study utilized stable 
isotopes of water, i.e., 2H and 18O, to investigate the origin 
of fluids and its interaction with surrounding rocks [2-
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3], while 14C radioisotope is used to determine groundwater 
age [4-5]. In addition, a fluid geochemistry approach is 
used to determine the characteristics and temperature of 
the reservoir [6]. The result of this study will bring benefits 
as support for the development of Sembalun – Rinjani 
geothermal prospect, especially as electricity generation. 

■ EXPERIMENTAL SECTION 

Study Area 

The study area is located at Suela, Aikmal and 
Sembalun Districts, East Lombok Regency, West Nusa 
Tenggara with geographical coordinate between 
116°30'00" E to 116°35'00" E and 8°20'30" S to 8°30'00" S, 
covering 10 × 19 km2 [7]. The location of sampling sites 
in the study area can be seen in Fig. 1. 

Samples were taken in some thermal manifestations 
such as hot springs and gas bubbles, as well as 
groundwater and surface water as a comparison. During 
the sampling, field measurements were also conducted, 
i.e., temperature, pH, and electric conductivity. 

Procedure 

Water sampling 
Water samples were taken at the discharge point of 

the spring. Samples for cation analysis were acidified with 

HNO3, while samples for anion analysis were not 
acidified [8]. Samples for isotopes analysis (18O and 2H) 
were collected in 30 mL air-tight bottle with no air bubbles 
to minimize isotope fractionation [9]. Meanwhile, 
samples for groundwater dating (14C analysis) were 
collected as much as 60 L, followed by in situ 
precipitation of carbonates using barium chloride and 
coagulation agent. The barium carbonate precipitation 
was then collected and brought to the laboratory [10]. 

Gas sampling 
Gas sampling was done using the Giggenbach flask 

(Fig. 2), an evacuated glass-bottle filled with 4 N NaOH 
[11]. Steam from fumaroles is condensed inside the bottle, 
while acidic gases, i.e., CO2 and H2S, will be dissolved in 
NaOH solution as carbonate and sulfide. Other minor 
gases, i.e., H2, He, Ar, O2, N2, CH4, will occupy the 
headspace above NaOH solution. During the sampling, 
the glass bottle is connected with fumarole using silicone 
hose and titanium funnel or titanium tube. Clay was placed 
around the vent to minimize air contamination [12]. 

Analysis of stable isotopes of 2H and 18O 
Analysis of stable isotopes was done by laser 

spectroscopic method, i.e., using LGR (Los Gatos 
Research) DLT-100 Liquid Water Isotope Analyzer. The 

 
Fig 1. Sampling location at mount Rinjani and Sembalun area 
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Fig 2. Sampling scheme 

 
value of isotope composition (δ) is expressed in ‰ unit, 
i.e., relative deviation of isotope ratio of a sample against 
isotope ratio Standard Mean Oceanic Water (SMOW) as 
defined by the following equation [13-14]: 

−
δ = ×Sample SMOW

SMOW

R R
1000 ‰

R
  

where, RSample = the isotope ratio (δ2H or δ18O) of the 
sample; RSMOW = the isotope ratio (δ2H or δ18O) of the 
SMOW 

Analysis of radiocarbon (14C) 
Radiocarbon dating was prepared by reacting 

BaCO3 precipitation from a sample with 10% HCl in 
preparation line, producing CO2 gas. 

+ → + +3 2 2 2BaCO 2HCl BaCl H O CO  
The produced CO2 is then absorbed using 30 mL of 1:1 
Carbosorb-E and Permafluor-E [15] and counted using 
Liquid Scintillation Analyzer (LSA) Perkin Elmer Tri-
Carb 2910TR. 

Analysis of water chemistry 
Analysis of water chemistry was done using several 

methods, i.e., acid-base titration for HCO3
– using HCl as 

the titrant, while ion chromatography was used to analyze 
Cl–, SO4

2-, F– and Na+, K+, Ca2+, Mg2+, Li+. Silica was 
analyzed using a spectrophotometric method with 
ammonium molybdate reagent. 

Analysis of non-condensable gases (NCG) 
Analysis of some NCG, i.e., He, H2, N2, Ar, and CH4, 

was done using Agilent 7890A gas chromatography 
equipped with porapak column and thermal conductivity 
detector, with N2 and He as a carrier gas. Meanwhile, the 
analysis of CO2 and H2S were conducted by using a 
titration method [16]. 

■ RESULTS AND DISCUSSION 

Physicochemical Characteristics 

The summary of the physical properties during the 
dry season and rainy season are given in Table 1 and 2. 

Sebau hot spring 
Sebau hot spring is located in Sapit village, Sula 

regency, at an elevation of 1345 m. The temperature of 
the spring is 35.4 °C and neutral pH about 7.3 with 
blackish color and sulfuric odor. There is no significant 
change in temperature and pH between the rainy season 
and dry season. The river water was also taken as a 
comparison, i.e., as surface water end-member. 

Kalak hot spring 
Kalak hot spring is located in Sambelia area at an 

elevation of 1050 m. The pH of the hot spring is neutral, 
i.e., 7.2, while the temperature is 43.6 °C with an ambient 
temperature of 23.9 °C. There is also no significant 
change in temperature and pH between the rainy season 
and dry season in this area. 

Orok warm spring and well bore 
Orok is located in Sembalun Bumbung village, 

Sembalun regency, at an elevation of 1219 m. The 
temperature of the warm spring is 23.5 °C, and the well 
bore water is 23.8 °C (at a depth of 125 m) while the 
ambient air is 21.3 °C. The pH of the spring and well are 
neutral, i.e., 7.30 and 7.0, respectively. During the dry 
season, the well is dry. 

Rinjani hot spring 
There are some hot springs located on the slope of 

Mount Rinjani, i.e., Goa Susu, Rinjani-1, and Rinjani-2. 
Goa Susu hot spring is located at an elevation of 1891 m, 
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Table 1. Location and physical properties of springs during rainy season 
No. Location Coordinate Elevation 

(m) 
T ambient 

(°C) 
T sample 

(°C) 
pH EC 

(mS/cm) 
1 Kalak hot spring S: 9073907.93 

E: 454634.22 
1050 23.9 

 
43.6 7.20 2.61 

2 Kalak river S: 9073907.93 
E: 454634.22 

1050 23.9 
 

22.9 7.26 0.16 

3 Sebau hot spring S: 9068128.66 
E: 449466.36 

1345 28.0 
 

35.4 7.30 2.02 

4 Sebau-1 river S: 9068190.01 
E: 449402.07 

1331 28.0 
 

20.2 7.83 0.13 

5 Orok wellbore S: 9071472.94 
E: 449395.16 

1308 22.4 
 

23.8 7.00 0.74 

6 Orok river S: 9071509.79 
E: 449395.12 

1291 22.4 
 

20.3 7.00 0.19 

Table 2. Location and physical properties of springs during dry season 
No. Location  Coordinate Elevation 

(m) 
T ambient 

(°C) 
T sample 

(°C) 
pH EC 

(mS/cm) 
1 Kalak hot spring S: 9073907.93 

E: 454634.22 
1050 23.9 43.8 7.06 2.26 

2 Sebau hot spring S: 9068128.66 
E: 449466.36 

1345 26.5 
 

35.3 7.35 2.02 

3 Orok warm spring S: 9071509.79 
E: 449395.12 

1291 21.3 23.5 7.33 0.80 

4 Rinjani-1 hot spring S: 9072534.25 
E: 436143.50 

2003 18.0 45.0 6.34 4.03 

5 Goa Susu hot spring S: 9072712.26 
E: 436695.87 

1891 18.0 42.0 7.00 3.65 

6 Rinjani-2 hot spring S: 9072575.80 
E: 436207.36 

1984 18.0 44.0 6.22 5.07 

7 Segara Anak lake S: 9073708.56 
E: 450105.73 

2020 18.0 20.8 7.94 3.18 

8 Lemor cold spring S: 9059290.29 
E: 452216.09 

450 24.1 22.2 6.20 0.16 

9 Reban cold spring S: 9075893.71 
E: 448111.56 

1297 22.5 21.2 8.01 0.20 

10 Makem cold spring S: 9075992.30 
E: 448380.59 

1152 22.5 22.2 6.65 0.26 

11 Jorong cold spring S: 9065445.52 
E: 448653.11 

1282 21.4 20.4 7.70 0.12 

12 Rante Mas cold spring S: 9073708.56 
E: 450105.73 

1205 22.5 20.9 7.01 0.13 

13 Timba Gading cold spring S: 9075638.18 
E: 449926.74 

1162 21.0 20.5 6.20 0.33 

14 Sebau-1 river S: 9068190.01 
E: 449402.07 

1331 26.5 
 

18.3 7.90 0.13 

15 Sebau-2 river S: 9068117.96 
E: 449509.18 

1350 26.0 18.3 7.44 0.11 

16 Orok wellbore S: 9071472.94 
E: 449395.16 

1308 21.3 
 

- - - 

17 Orok river S: 9071509.79 
E: 449395.12 

1291 21.3 
 

20.1 7.76 0.18 
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while Rinjani-1 and Rinjani-2 are located at an elevation 
of 2003 m and 1984 m, respectively. The temperatures of 
these hot springs are 42 °C, 45 °C and 44 °C, respectively, 
while the ambient temperature is 18 °C. In addition, water 
from Segara Anak Lake (2020 m) was also taken as an end-
member of meteoric water. 

Cold spring and river 
In addition, several cold springs and river samples 

were also taken as meteoric end-member. The 
temperature of these springs and rivers are varied at 20.2–
22.2 °C, with a neutral pH between 6.20–8.01. 

Isotopes Characteristics 

The result of stable isotope analysis (δ18O, δ2H) 
during the rainy season and dry season and groundwater 
dating (14C) can be seen in Table 3, 4, and 5, while a 
graphic of δ18O versus δ2H is provided in Fig. 3. Since the 
Local Meteoric Water Line of Lombok is not available, the 
Indonesian Meteoric Water Line (IMWL) is used to help 
isotope data interpretation [17]. All isotope (δ18O and δ2H) 
data samples are plotted into the graph with reference to 
the Indonesian Meteoric Line. As a comparison, the 
Global Meteoric Water Line (GMWL) is also included in 
the graph. The isotopes (δ18O and δ2H) data of water 
samples are a representation of meteoric water, so it 
should be referred to the Meteoric Water Line [18]. 

The isotopic ratio can represent some physical-
chemical processes in the geothermal system, such as 
water-rock interaction, mixing process, and steam 
separation [19]. The isotope of δ18O and δ2H are also can 
be used as a tracer to infer the mechanism of geothermal 
fluid evolution [20]. 

Fig. 3 shows that all cold spring and river water 
plotted near the Indonesia Meteoric Water Line. 
Meanwhile, some hot springs, i.e., Sebau, Rinjani, and 
Segara Anak, are plotted along the mixing line between 
meteoric and andesitic water. Kalak hot spring is not 
showing a sign of significant evaporation or oxygen shift. 
Orok hot spring exhibits the influence of season on 
isotopic composition where during the dry season shows 
oxygen shift and mixing with andesitic water; on the 
contrary, during the rainy season shows the meteoric 
component. In general, all hot springs in Rinjani and 

Sembalun are meteoric origin with different evolution, 
which can be explained later by chemistry data. 

Another isotope, which is used to determine the 
characteristics of springs in the Sembalun – Rinjani area, 
i.e., its age is 14C radioisotope. The result of 14C analysis 
is expressed in units  of percent Modern  Carbon (pMC)  

Table 3. Result of stable isotope analysis (δ18O and δ2H) 
during the rainy season 

No. Location δ18O (‰) δ2H (‰) 
1 Kalak hot spring −6.87 −49.76 
2 Sebau hot spring −5.41 −42.72 
3 Orok well bore −7.63 −48.38 
4 Kalak river −6.45 −45.84 
5 Sebau river −7.64 −45.90 
6 Orok river −6.36 −46.99 

Table 4. Result of stable isotope analysis (δ18O and δ2H) 
during the dry season 

No. Location δ18O (‰) δ2H (‰) 
1 Kalak hot spring −6.62 −49.30 
2 Sebau hot spring −5.50 −41.40 
3 Orok warm spring −5.59 −46.30 
4 Rinjani-1 hot spring −2.09 −34.10 
5 Goa Susu hot spring −3.65 −38.00 
6 Rinjani-2 hot spring −3.58 −38.10 
7 Segara Anak lake −1.96 −34.80 
8 Lemor spring −5.50 −35.50 
9 Reban spring −7.09 −47.30 

10 Makom spring −7.04 −46.90 
11 Jorong spring −6.73 −45.10 
12 Rante Mas spring −6.95 −48.80 
13 Timba Gading spring  −6.58 −42.50 
14 Sebau-1 river −6.75 −43.70 
15 Sebau-2 river  −6.58 −44.30 
16 Orok river −6.77 −47.00 

Table 5. Analysis result of 14C dating in Sembalun area 
Location pMC Age (years BP) 

Kalak hot spring 26.95 10,425 
Sebau hot spring 22.18 12,030 
Orok warm spring 24.41 11,240 
Jorong cold spring 42.20 6,715 
Timba Gading cold spring 93.50 140 
Lemor cold spring 93.52 135 
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Fig 3. Graphic of δ2H vs. δ18O of the hot and cold spring in Sembalun – Rinjani area 

 
and then converted into age (years BP) with the following 
equation [21]: 

SN

100t 8267 ln
A

 
=  

   
where, ASN = the radioisotope 14C activity of the sample 
(pMC);  t = year BP (before present = before 1950) 

The result of a radioisotope of 14C (groundwater 
dating) shows that Sebau, Kalak, and Orok hot springs 
have relatively the same age between 10,000–12,000 year 
BP, where Kalak hot spring is younger than two other hot 
springs. This probably due to mixing with local shallow 
groundwater. Jorong cold spring is 6,751 years BP, which 
probably comes from the upper hillside, while Timba 
Gading and Lemor cold springs are young groundwater 
below 200 years BP. The information on groundwater age 
is important because the sustainability of geothermal 
exploitation depends on fluid presence. 

Geothermal fluid fraction 
The fraction of geothermal fluid can be calculated 

using the following equation [22-23]: 

( )18 18 18
m aw rwO   O . x   O .  1 xδ =δ −δ −  

where x = fraction of andesitic water; δmO18 = 18O 
composition of mixed groundwater and andesitic water 
(‰);  δawO18 = 18O  composition  of  andesitic  water  (‰);  

Table 6. Fraction of fluid from hot springs at Sembalun 
– Rinjani area 
No. Location Andesitic 

Water 
Meteoric 

Water 
Rainy season 

1 Sebau hot spring 0.14 0.86 
2 Orok wellbore 0.00 1.00 

Dry season 
1 Sebau hot spring 0.13 0.87 
2 Rinjani-1 hot spring 0.35 0.65 
3 Goa Susu hot spring 0.25 0.75 
4 Rinjani-2 hot spring 0.26 0.74 
5 Segara Anak lake 0.36 0.64 

δrwO18 = 18O composition of groundwater (‰) 
Table 6 shows the calculated geothermal fluid 

fraction from several hot springs in the Rinjani – 
Sembalun area. Generally, the geothermal fluid of 
Sembalun – Rinjani is dominated by meteoric water, 
where at Sebau meteoric water fraction is consistent 
during the rainy and dry season, i.e., 86–87%. Meanwhile, 
hot springs at Rinjani hillside and Segara Anak, the 
fraction of meteoric water is lesser, i.e., 64–75%. 

Chemical Characteristics 

The results of the chemical analysis of hot springs, 
cold springs, and river water samples in the Sembalun – 
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Rinjani area, West Nusa Tenggara, which were taken in 
two seasons, rain and dry, can be seen in Table 7 and 8. 

Fluid characteristics 
Table 7 and 8 show that hot springs are distinguished 

from cold springs (MAD) from its TDS, i.e., hot springs 
have higher TDS than cold springs. However, there are 
differences between the hot springs, i.e., its chloride and 
sulfate content. Kalak has lower chloride content than 
Sebau hot spring, i.e., 173 mg/L and 526 mg/L, 
respectively. On the contrary, sulfate content of Kalak is 
much higher than Sebau, i.e., 1114 mg/L and 78.1 mg/L, 
respectively, which also consistent with the previous study 
by Sundhoro et al. [24]. This difference can be seen clearly 
by a ternary diagram of Cl-SO4-HCO3 (Fig. 4), which also 

depicts the hydrochemistry classification of the hot 
springs. 

From the diagram, it can be seen that Sebau hot 
spring is plotted closer to mature water or reservoir 
composition due to its dominant chloride; however, this is 
not the case. Sebau hot spring is high in Mg content, which 
infer more dominant groundwater end-member [25]. 
Meanwhile, Kalak hot spring is plotted at the sulfate 
corner, but it is not steam-heated water due to its neutral 
pH. Moreover, there is no steam vent or fumarole 
around Kalak hot spring. Thus, the high sulfate content 
in Kalak is not originated from geothermal H2S 
oxidation but likely caused by leaching from a sulfur-
bearing rock formation. Orok warm spring is plotted on  

Table 7. Chemical composition (mg/L) during rainy season 

No. Location 
Cation Anion 

K Na Ca Mg SiO2 Cl SO4 F HCO3 B 
1 Kalak hot spring 4.87 255.25 425.37 3.78 45.71 173.42 1114.52 0.47 147.46 2.13 
2 Sebau hot spring 5.90 178.25 174.01 1.31 32.96 526.22 78.09 0.36 90.55 3.39 
3 Orok well bore 11.50 88.10 93.25 48.17 54.09 34.44 81.37 0.28 550.66 1.10 
4 Kalak river 3.86 8.54 32.25 8.76 38.05 3.02 11.64 0.14 128.66 n.d. 
5 Sebau river 1.41 5.16 16.97 7.59 27.37 3.49 5.57 0.15 115.29 n.d. 
6 Orok river 4.33 10.61 24.44 12.83 38.88 2.00 16.72 0.19 175.33 n.d. 

n.d.: not detected 

Table 8. Chemical composition (mg/L) during dry season 

No. Location 
Cation Anion 

K Na Ca Mg SiO2 Cl SO4 F HCO3 B 
1 Kalak hot spring 3.45 164.42 216.02 13.67 60.05 109.06 811.92 0.34 141.38 1.85 
2 Sebau hot spring 6.48 170.91 291.88 11.21 40.69 627.10 14.29 0.21 136.5 3.59 
3 Orok hot spring 3.24 72.27 45.16 43.29 66.73 89.23 101.05 0.33 338.7 2.16 
4 Rinjani-1 hot spring 49.67 357.95 388.66 362.91 120.08 470.89 2254.19 0.53 316.88 5.67 
5 Goa Susu hot spring 47.77 346.11 215.72 31.63 144.34 477.02 313.62 0.50 782.34 6.12 
6 Rinjani-2 hot spring 49.46 384.39 189.46 348.70 131.48 530.54 1028.21 0.69 1145.65 5.52 
7 Segara Anak lake (DSA) 45.36 282.80 121.68 337.94 89.98 470.89 1033.63 1.53 582.58 3.43 
8 Lemor cold spring 3.5 5.02 16.43 13.28 57.61 3.22 6.98 0.41 117.47 n.d. 
9 Reban cold spring 3.83 6.27 12.38 15.19 53.20 5.28 9.36 0.48 130.38 0.11 

10 Makom cold spring 8.19 10.98 14.83 14.76 53.87 3.34 17.75 0.6 152.82 n.d. 
11 Jorong cold spring 3.26 4.39 10.96 9.95 49.80 2.07 n.d. 0.57 110.88 0.18 
12 Rante Mas cold spring 2.31 3.24 10.74 5.73 44.90 1.99 3.98 0.14 74.82 n.d. 
13 Timba Gading spring 7.90 17.36 25.05 27.63 59.39 8.59 23.7 0.61 202.26 0.1 
14 Sebau-1 river 1.49 10.62 27.54 10.01 37.42 15.78 33.23 0.13 124.32 0.18 
15 Sebau-2 river 2.61 3.27 15.87 8.23 34.66 1.11 15.8 0.12 99.44 n.d 
16 Orok river 2.93 4.12 27.13 13.39 62.17 1.54 32.1 0.2 122.82 n.d 

n.d.: not detected 
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bicarbonate corner clearly shows mixing with 
groundwater, as also indicated by its near ambient 
temperature. Rinjani hot springs are plotted spreading 
between sulfate and bicarbonate, while cold springs are 
plotted at bicarbonate corner. 

The different characteristics between hot springs 
can be assessed by correlation graphs between Na vs. Cl 
and Na vs. SO4 (Fig. 5). 

Fig. 5 shows that there is no common linear 
relationship between Na and Cl of all hot springs but 
rather divided into three groups: Sebau-Orok, Rinjani, 
and Kalak groups. Meanwhile, the graph of Na vs. SO4 
shows a more random plot that indicates different genesis 
of fluids since SO4 is not a conservative element. Thus, the 
SO4 concentration is more likely influenced by rock 
mineral composition. On the other hand, Segara Anak 
shows unique chemical composition, i.e., high Cl and SO4 
concentration but with neutral pH, which is different 
from the typical volcanic lake that has high Cl and SO4 
concentration but with low pH as Kawah Ijen volcanic 
lake [26]. There are two possibilities of Segara Anak fluid 
genesis: (1) the fluid is the hydrothermal origin with high 
Cl content, leaching out sulfate from rocks, and later 
mixing with meteoric water, (2) Input of magmatic gas, 
neutralized during fluid-rock interaction and later mixing 
with meteoric water. 

Origin of fluids 
The fluid origin also can be inferred from Li-Cl-B 

ternary diagram (Fig. 6). The diagram shows that none of 

the hot springs is plotted near the Li corner, indicates 
dominant deep rock dissolution [27], while springs 
plotted near Cl corner are originated from absorption of 
low B/Cl steam. 

Geothermometer 
Estimation of reservoir temperature is based on 

temperature-dependent of specific equilibration reaction, 
i.e., isotopes, cation solubility, and gases, applied to the 
composition of discharge geothermal fluids, i.e., hot 
springs, production wells, fumaroles [28]. In this study, 
Na/K and SiO2 geothermometer are applied to estimate 
reservoir temperature (Table 9) [29]. 

Based on Na/K geothermometer, subsurface 
temperature from Kalak hot spring is estimated at about 
111–126 °C,  while  Sebau  hot  spring  is  higher  around  

 
Fig 4. Ternary diagram of Cl-SO4-HCO3 

 
Fig 5. Correlation plot between: (a) Na vs. Cl and (b) Na vs. SO4 
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Fig 6. Ternary diagram of Li-Cl-B 

148–161 °C. Rinjani hot spring indicates the highest 
reservoir temperature, i.e., 250–260 °C. Giggenbach 
ternary diagram (Fig. 7) shows that Kalak and Sebau hot 
springs are plotted at immature water composition where 
reservoir fluid is mixed with shallow water [30]. 
Calculation of silica quartz geothermometer indicates 
lower temperature, i.e., 98 °C, and 83 °C for Kalak, and 
Sebau hot springs, respectively. This low temperature is 
due to the fact that silica has a faster equilibrium rate 
compare to Na/K equilibrium; thus, this silica 
geothermometer indicates equilibrium temperature at 
shallower aquifer or mixing with aquifer with low silica 
content [31]. 

Gas composition 
Relative composition of He, Ar, and N2 can be 

utilized to distinguish the origin of volcanic and 
geothermal gases [32], i.e., meteoric, andesitic, or crustal 
origin [33]. Table 10 shows gas composition taken from 
bubbling pool at mount Rinjani slope. NCG (non-
condensable gases) content is relatively high, i.e., 66% mol. 
Meanwhile, CO2 and H2S are dominant gases, reaching 
90% mol and 8.6% mol from total NCG, respectively. This 
composition is slightly different from typical geothermal 
gas composition, where H2S content is up to 15% [34]. 
This is possibly due to the conversion of H2S into SO4 by  

 
Fig 7. Giggenbach ternary diagram 

Table 9. Calculation of Na/K and SiO2 geothermometer 

Location 
Geothermometer (oC) 

Na/K Fournier Na/K GGB SiO2 Quartz 
Kalak hot spring (rainy season) 112 127 98 
Kalak hot spring (dry season) 109 124 111 

Average  111 126 105 
Sebau hot spring (rainy season) 144 157 83 
Sebau hot spring (dry season) 152 165 92 

Average 148 161 88 
Orok hot spring 164 175 116 
Rinjani-1 hot spring 257 260 148 
Goa Susu hot spring 256 259 159 
Rinjani-2 hot spring 250 253 153 
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Table 10. Gas composition of Rinjani-2 
mmol 

CO2 H2S He H2 N2 O2 Ar CH4 steam 
95.667 1.011 0.0013 Ttd 9.2036 Ttd 0.1941 0.0682 54.43 

% mol 
CO2 H2S He H2 N2 O2 Ar CH4 total NCG 

90.13 0.95 0.00 Ttd 8.67 Ttd 0.18 0.06 66.10 
 
oxidation, as can be seen in SO4 content of Rinjani hot 
spring [35]. 

The ratio of N2/Ar is 47, which indicates that the 
fluid origin is meteoric, as also can be seen in the He-N2-
Ar ternary diagram (Fig. 8). 

Reservoir fluid composition (mixing model) 
Discharged fluid at hot springs is already altered 

from its reservoir composition due to physical-chemical 
interaction during ascending to surface. The actual 
reservoir composition, i.e., chloride and silica, can be 
estimated and traceback using silica-enthalpy and 
chloride-enthalpy mixing models [36], as can be seen in 
Fig. 9, which shows the curve of the quartz-
geothermometer. It also shows that the mixing line is only 
passing through Orok and Rinjani samples and then 
intercept the curve at 450 mg/L silica and enthalpy of  
850 kJ/kg, which is equivalent to 218 °C. Sebau and Kalak 
are not connected through the mixing line because the 
relation between silica and chloride in both samples is not 
positively correlated (Fig. 10), i.e., loss of silica from the 

fluid due to forming of secondary mineral [37-38]. Based 
on enthalpy of the reservoir, the composition of the 
reservoir’s chloride can be estimated using the chloride-
enthalpy  diagram (Fig. 11).  It is shown  that the mixing  

 
Fig 8. Ternary diagram of He-N2-Ar 

 

 
Fig 9. Mixing model of silica vs. enthalpy 

 
Fig 10. Correlation diagram of silica vs. chloride 
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Fig 11. Mixing model of Cl vs. enthalpy 

 
line with groundwater intercepts at enthalpy of 850 kJ/kg 
and chloride concentration at 40000 ppm, i.e., chloride 
concentration in the reservoir. 

■ CONCLUSION 

Based on stable isotopes content (δ18O, δ2H), it is 
found that all hot springs except Kalak, are the product of 
mixing between meteoric water and andesitic water with 
meteoric fraction about 0.64–0.87, while other 
surrounding springs are clearly meteoric water. Gas 
content, i.e., He, Ar, N2, also indicates that fluid origin is 
meteoric water. The 14C dating of Kalak hot spring shows 
10,425 years BP of age. Sebau and Orok hot springs have 
an older groundwater age than Kalak hot spring, i.e. 
12,030 years BP and 11,240 years BP, respectively, while 
surrounding cold springs are mostly modern except 
Jorong cold spring. Although Kalak hot spring is plotted 
on the sulfate corner, it does not have acidic properties; 
thus, it is not steam-heated waters. The high sulfate 
content in Kalak is not coming from H2S oxidation but 
probably caused by leaching of sulfur-bearing minerals. 
Although Sebau hot spring is plotted at mature water 
composition with dominant chloride content, the hot 
spring does not represent reservoir fluid considering its 
low temperature and high Mg content. 

Based on Na/K geothermometer, subsurface 
temperature for Kalak is estimated between 111–126 °C, 

while for Sebau is higher, i.e., between 148–161 °C. The 
highest temperature estimation is found in Rinjani, i.e. 
250–260 °C. The geothermal fluid of the Sembalun area 
is calculated having brine composition with chloride 
content about 4000 mg/L, thus scaling can be a potential 
problem in the future. 
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