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Abstract 
 
The Seulawah Agam geothermal area exhibits significant potential as a source of energy 
for power generation, with an estimated capacity of 130 MW. Geological and geochemical 
investigations indicate that the Seulawah Agam geothermal system is part of the 
extensive Sumatra Fault. Analysis of the geochemical composition of geothermal water at 
the South Zone manifestation location of Mount Seulawah Agam, Aceh Province-
Indonesia, involves examining cation (K+, Na+, Ca2+, and Mg2+), anion (Cl-, HCO3-, and SO4

2-

), and isotope (δD and δ18O) contents. This data aids in estimating reservoir temperatures 
using geothermometer equations. Surface characteristics of the South Zone 
manifestation reveal neutral to alkaline pH values (6.02 to 8.68), relative temperatures 
(29.97 to 42.57 ºC), conductivity (49.8 to 100.7 mV), and TDS (Total Dissolved Solids) 
ranging from 352.6 to 497.0 mg/L. The dominant water composition is sodium–calcium–
bicarbonate (Ca–Na–HCO3), indicating a bicarbonate water type. Average temperature 
depths in the South Zone manifestation of Mount Seulawah Agam are estimated as 
follows: Alue Ie Seu’um around 288.84 ± 2.19 ºC, Alue Ie Masam around 304.17 ± 20.9 ºC, 
Alue PU around 290.02 ± 6.85ºC, and Alue Teungku around 265±11.39 ºC. Isotope data 
(δD and δ18O) suggest meteoric water as the source for this manifestation. Fluid 
geochemical analysis indicates the potential for utilizing the geothermal manifestations 
of the South Zone of Mount Seulawah Agam for geothermal development or the 
construction of a geothermal power plant, given its high enthalpy system with an average 
temperature exceeding 225 ºC. Further research, including data drilling, is essential to 
gather precise subsurface data. Additionally, the Aceh Provincial Government should 
formulate policies to identify strategic areas for geothermal development, leveraging the 
existing exploitable potential. 
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1. Introduction 

Geothermal energy is a natural resource consisting of 
fluids (water and steam) stored in reservoirs and heated 
by rocks formed from magma solidifying at high 
temperatures [1–3]. Additionally, geothermal fluids 
ascend to the Earth's surface through fissures in rocks 
and are shown by various phenomena such as hot 
springs, mud pools, fumaroles, solfatara, and changes in 
rock formations [4]. Presently, the use of geothermal 
energy is highly diverse, encompassing electricity 
generation and non-electric applications like space 
heating, drying agricultural and livestock products, 
greenhouses, warm water pools, geothermal spas, and 
medicinal properties [5–7].  

Geothermal energy in Seulawah Agam Mountain, Aceh 
Province-Indonesia, holds significant promise as a power 
source for plants with capacities of up to 55 MW [8]. With 
an estimated 29 GWe expected to originate from more 
than 300 sites, Indonesia has the greatest geothermal 
potential in the world [9, 10]. Based on geological and 
geochemical studies conducted by the Geological Agency 
in 2007, the geothermal system in Seulawah Agam was 
identified as part of the Great Sumatran fault system. The 
observed manifestation appears in the form of hot 
springs, presumed to be water reservoirs, which reach 
the ground surface without significant mixing with other 
water types [11]. Its characteristics include high water 
temperatures (around ±89 ºC), clear water, neutral pH, 
and emergence in dacitic tufa rock units resulting from 
Seulawah Agam volcano activity, associated with silica 
deposits, and altered rocks [12]. 

In this study, an analysis was be conducted on the 
geochemical composition of geothermal water, 
encompassing the concentrations of cations (K+, Na+, 
Ca2+, and Mg2+) and anions (Cl-, HCO3-, SO42-) at the South 
Zone manifestation site of Mount Seulawah Agam, Aceh 
Besar Regency, Indonesia. The cations and anions under 
analysis are specific chemical elements used for 
geothermometer measurements and characterization of 
geothermal manifestation fluids. The resulting water 
geochemical data will be used to estimate the reservoir 
temperature of the geothermal system using the 
geothermometer equation [13]. Furthermore, based on 
the geochemical data, the type of geothermal fluid in the 
manifestation area will be figured out based on the 
relative concentrations of chloride (Cl-), bicarbonate 
(HCO3-), and sulfate (SO42-) ions depicted in the ternary 
triangle diagram Cl–HCO3–SO4. This research will also 
investigate the characteristics of the fluids present in the 
manifestation area. By analyzing the geochemical data 
obtained from manifestations in the outflow area of 

Mount Seulawah Agam, we can learn the potential of the 
area as a source of geothermal energy. 

The purpose of this research is to determine the 
predominant fluid type, geothermal fluid characteristics, 
and the source of geothermal water in Mount Seulawah 
Agam's South Zone. The objectives of this research are to 
provide information on dominant fluid types, define 
geothermal fluid characteristics, confirm the origin of 
source water, and determine the geothermal type (high 
or low enthalpy) in the area. Furthermore, it is expected 
that this study will serve as a reference for governmental 
bodies and higher education institutions to conduct 
additional research on the geothermal system on Mount 
Seulawah Agam and other volcanoes with the potential 
to use geothermal energy. 

2. Materials and Methods 

This research took place from November to December 
2017. Characteristic analysis was conducted directly at 
the sampling site (in situ), while the analysis of 
geothermal fluid content was performed at the National 
Nuclear Energy Agency (BATAN) Laboratory in Pasar 
Jum'at, South Jakarta, Indonesia. 

2.1. Tools and Materials 

The equipment utilized in this research includes a digital 
pH meter (Hanna Instruments), portable thermometer, 
digital TDS meter, digital conductometer (Milwaukee 
MW306 MAX Waterproof), GPS device (GARMIN), Ion 
Chromatography (IC) Instrument, Inductively Coupled 
Plasma–Optical Emission Spectrometry (ICP-OES) 
Instrument, Liquid Water Isotope Analyzer Instrument 
(LWIA), cool box, polyethylene bottles with capacities of 
100 mL and 1000 mL, glass or plastic funnel, Whatman 
filter paper, universal pH indicator, stir bar, rubber 
gloves, dropper pipette, plastic bucket, and copper wire. 
The materials used include aqua bides water and diluted 
HNO3. 

2.2. Location and Sampling Method 

Geochemical water samples were collected from the 
manifestation area in the South Zone of Mount Seulawah 
Agam, which includes hot springs in the Alue Ie-Suum, 
Alue PU, Alue Ie Masam, and Alue Teungku areas in 
Seulimum District, Aceh Besar Regency, Aceh Province 
(Figure 1). 

2.3. Water Sampling 

Water samples were collected from both hot springs and 
cold springs for comparison purposes. Samples of hot 
water were obtained from locations with the highest 
temperature and water discharge to minimize the risk of 
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Figure 1. Google Earth satellite image of sampling points. Descriptions: Alue Ie-Suum (ASH 1-3), Alue PU (PU), Alue Ie Masam (AIM), and 
Alue Teungku (AT). 

 
environmental contamination. The water samples were 
collected for two main purposes: elemental analysis and 
isotope analysis (18O and 2H). The equipment used for 
sampling and preparation included 500 mL capacity 
polyethylene bottles resistant to acid, heat, and 
corrosion, 18O and 2H isotope bottles with a capacity of 15 
mL, made of glass covered with aluminum foil, Heat-
resistant plastic syringe with a minimum capacity of 50 
mL, Filter holder with a diameter of 25 mm, Filter paper 
with a porosity of 0.45 μm, GPS device, Altimeter, 
Stopwatch, Digital pH meter, pH paper, Conductivity 
meter, Heat-resistant rubber gloves, Camera, Work map 
and HNO3 (Nitric Acid). The temperature of the 
manifestation and the surrounding air is measured using 
a thermocouple or thermometer, while a digital pH meter 
is utilized for measuring the pH of the water. The 
discharge of hot/cold water is measured using the 
volumetric method (V-notch meter), and the electrical 
conductivity of hot/cold water is determined using a 
conductometer. The coordinates and altitude of the 
sampling location were recorded using GPS. 

Prior to sampling, the water to be collected must be 
filtered using filter paper with a porosity of 0.45 μm. The 
sampling bottle is cleaned using filtered water samples. 
The water sample is then divided into two bottles, each 
with a minimum volume of 500 mL. The first bottle is 
immediately labeled and designated for anion analysis 
(Cl, HCO3, SO4), while the second bottle is set aside before 
labeling and then acidified by adding HNO3 in a 1:1 ratio 
until it reaches pH 2. This second bottle serves as the 
water sample for cation analysis (Na, K, Ca, Mg). Water 
samples collected from geothermal manifestations are 

initially filtered using Whatman filter paper and then 
divided into two separate parts, each stored in a different 
bottle. The first bottle is labeled as "acidified," indicating 
that the filtrate has been treated with a diluted HNO3 
solution to achieve a pH value of approximately ±2 using 
universal pH litmus paper. This water sample is intended 
for cation content analysis. The second bottle is labeled 
as "non-acidified," signifying that the filtrate remains 
untreated. This water sample is designated for anion 
content analysis. For water samples used to determine 
isotopes, the sample bottle is labeled with an isotope 
marker, indicating that it has been directly obtained from 
the hot spring with no air bubbles present and the bottle 
tightly sealed. This water sample is intended for δ18O and 
δD isotope analysis. 

2.4. Inductively Coupled Plasma–Optical Emission 
Spectrometry (ICP–OES) Analysis Method 

Generally, the ICP-OES technique is utilized for ion 
analysis. The analysis stage of the ICP-OES technique 
includes sample preparation, target ion analysis, 
instrument calibration, and wavelength selection. A 
series of standard solutions is prepared for each cation 
to be tested. A minimum of four series of standard 
solutions are created with different concentrations to 
establish a linear equation. The water sample to be tested 
is diluted with distilled water (if necessary) and filtered to 
remove particulates. For samples containing solids, 
digestion is conducted using an acid solution and heating 
in a microwave oven. Some solids that are difficult to 
dissolve are reacted with compounds such as lithium 
metaborate or suitable solvents. This process is 
conducted synchronously between the instrument and 
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the computer (software). The method employed adheres 
to the predetermined equipment conditions, and the 
wavelength is configured for each analysis element. 
Standard solutions are measured, and samples are 
prepared. The spectrum data is generated in printout 
form, and the concentration of each required element is 
calculated [14]. 

2.5. Ion Chromatography (IC) Analysis Method 

The water sample was injected and transported by the 
carbonate-bicarbonate solvent through the ion exchange 
column (separation column). Anions are separated based 
on their relative affinity at low capacity and ion exchange 
strength. Anion separation also occurs through a 
pressurized micromembrane. The pressure applied on 
the anion separation converts it into a high-conductivity 
acid, while the carbonate-bicarbonate solvent transforms 
into a weak-conductivity acid. The anion separation in 
their acid form is measured based on conductivity. 
Anions are identified by their retention time and 
compared with standard retention times. The 
concentration of anions in the sample is calculated based 
on the resulting area. A series of standard solutions is 
prepared for each cation to be tested. A minimum of four 
series of standard solutions are created with different 
concentrations to establish a linear equation known as a 
calibration curve. The standard solution is then allowed 
to equilibrate at room temperature before the test is 
conducted. The water sample to be tested is initially 
filtered using filter paper with a pore size of 0.45µm 
employing a syringe filter. This filtering process aims to 
purify the sample from impurities or particulates. 
Subsequently, the water sample is transferred into a 
clean vial and left to adjust to room temperature. The vial 
is then placed in the autosampler, and the IC instrument 
is operated according to the established method. The 
resulting chromatogram data is printed, and the required 
element concentrations are calculated [15].  

2.6. Liquid Water Isotope Analyzer (LWIA) Analysis 
Method 

Isotope analysis is conducted to ascertain the isotopic 
composition of water samples. The δD and δ18O isotope 
composition of the water sample is then depicted on a 
Cartesian graph of δD (‰) against δ18O (‰). The graph is 
subsequently compared with the global meteoric water 
line equation [16]. To prepare for analysis, four vials are 
arranged: two bottles for calibration, one bottle for 
control standards, and one bottle for blank. Another vial 
is filled with test samples, along with one vial containing 
deionized water for rinsing the syringe. All vials are 
positioned in the autosampler. The instrument is 
operated following established methods for isotope 

measurements, and the data are processed using IAEA 
(International Atomic Energy Agency) spreadsheet 
software. 

2.7. Data Analysis 

Data processing in this study entails determining 
geothermometer values for Na–K–Ca, Na–K–Mg, Na–K, 
and K–Mg. Additionally, geo-indicators are determined by 
constructing triangular ternary diagrams Cl–SO4–HCO3, 
Na/1000–K/100–K/Mg, and isotope graphs utilizing the 
liquid chemistry plotting spreadsheet version 3 method 
developed by Powell Geoscience Ltd. on September 3, 
2012 by Powell & Cumming. 

3. Results and Discussion 

3.1. Location and Characteristics of Surface 
Manifestations 

In-situ sampling and measurement of the characteristics 
of geothermal manifestations were conducted during the 
rainy season on November 19, 2017, at the geothermal 
manifestation points in the South Zone of Mount 
Seulawah Agam, including the Alue Ie Seu’um (ASH1, 
ASH2, and ASH3), Alue Ie Masam (AIM 1 and AIM 2), Alue 
PU, and Alue Teungku (AT) areas. Surface characteristic 
measurements comprise pH, conductivity (mV), Total 
Dissolved Solid (TDS) (mg/L), and surface temperature 
(°C). Manifestation characteristic measurements were 
performed in situ with five repetitions, each lasting 60 
seconds per measurement, to ensure the accuracy of the 
field data. Additionally, the air temperature surrounding 
the manifestations was measured, and the coordinates 
and elevation were determined. The geothermal water 
sampling method is carried out proportionally, based on 
specific criteria and objectives, such as manifestation 
points with the highest surface temperatures and large 
discharges. The results of in-situ measurements of 
manifestation characteristics in the Alue Ie Seu’um, Alue 
Ie Masam, Alue PU, and Alue Teungku areas are shown in 
Table 1. 

3.1.1. Alue Ie Seu’um Manifestation Sampling Point 

The manifestation at Alue Ie Seu’um has three sampling 
points: ASH1, ASH2, and ASH3. At the ASH1 sampling 
point, the water was clear with a neutral pH (6.02±0.01), 
and there were gas bubbles around the manifestation. In 
the surrounding area, there are yellowish-brown iron 
oxide deposits and scorched bushes with a relatively 
large water discharge. ASH2 also has clear water without 
any gas bubbles, with a neutral pH (6.11±0.01), and 
around it, there are sintered travertine stones. The water 
discharge at ASH2 is the largest among the three 
sampling points. At ASH3, the water is also clear and 
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Table 1. Location and characteristics of geothermal surface manifestations in the South Zone of Mount Seulawah Agam. 

No. Sampling 
Point 

Coordinate Elevation 
(m) Tair (oC) Twater (oC) pH Conductivity 

(mV) TDS (mg/L) 
U T 

1 ASH 1 5°24’09” 95°39’55” 346 26.13 42.30 ± 0.05 6.02 ± 0.01 53.4 ± 0.43 425.2 ± 1.30 
2 ASH 2 5°24’05” 95°39’54” 347 26.19 42.57 ± 0.01 6.11 ± 0.01 55.7 ± 0.23 463.8 ± 2.59 
3 ASH 3 5°23’74” 95°39’34” 278 25.3 33.93 ± 0.01 7.28 ± 0.02 49.8 ± 0.47 352.6 ± 0.55 
4 AIM 1 5°24’09” 95°39’32” 359 24.8 35.66 ± 0.04 6.05 ± 0.01 55.1 ± 0.18 378.8 ± 3.27 
5 AIM 2 5°24’08” 95°39’31” 358 24.6 40.61 ± 0.08 6.07 ± 0.01 57.7 ± 0.20 497.0 ± 2.74 
6 PU 5°24’11” 95°38’61” 164 24.7 30.01 ± 0.01 8.34 ± 0.01 71.3 ± 0.16 349.6 ± 0.89 
7 AT 5°23’00” 95°39’39” 312 24.34 29.97 ± 0.01 8.68 ± 0.01 100.7 ± 0.31 372.8 ± 0.84 

 
odorless, with a neutral pH (7.28±0.02), and there are 
small plants around it. The water discharge at ASH3 is 
also quite significant compared to ASH1. According to 
Table 1, the coordinates of the sampling points are 
5°24'09'' N and 95°39'55” E, 5°24'05” N and 95°39'55” E 
and 5°23'74” N and 95°39'34” E (sequentially), with 
elevations of 346 meters above sea level, 347 meters 
above sea level, and 278 meters above sea level, 
respectively. Among the three manifestation points, 
ASH1 and ASH2 have the highest temperatures 
(42.30±0.05 ºC and 42.57±0.01 ºC) with a neutral pH. 
These two points also have higher conductivity and TDS 
(55.7±0.23 mV and 463.8±2.59 mg/L) compared to ASH3. 

3.1.2. Alue Ie Masam Sampling Point 

Water samples were collected from two points in the Alue 
Ie Masam manifestation, namely points AIM1 and AIM2. 
AIM1 features clear, odorless water with a neutral pH 
(6.02±0.01). Yellowish-brown iron oxide deposits are 
observed in the surrounding area, and the water flow is 
minimal. AIM2 exhibits similar characteristics to AIM1, 
with clear, odorless water and a neutral pH (6.02±0.01). 
However, the water discharge at AIM2 is greater than at 
AIM1. The coordinates of the Alue Ie Masam AIM1 
sampling point are 5°24'09” N and 95°39'32” E, with an 
altitude of 359 meters above sea level, while AIM2 is 
located at coordinates 5°24'08” N and 95°39'31” E, with 
an elevation of 358 meters above sea level. AIM1 has 
lower temperature, conductivity, and TDS values 
compared to AIM2, with readings of 35.66±0.04 ºC, 
55.1±0.18 mV, and 378.8±3.27 mg/L, respectively. On the 
other hand, AIM2 exhibits higher temperature, 
conductivity, and TDS values compared to AIM1, with 
respective readings of 40.61±0.08 ºC, 57.7±0.20 mV, and 
497.0±2.74 mg/L. 

3.1.3. Alue Teungku Manifestation Sampling Point 

Sampling at the Alue Teungku (AT) manifestation was 
conducted at a single sampling point. The water at this 
point is clear, odorless, and has a neutral pH (8.34±0.01). 
Rocks and small plants surround the manifestation. The 
coordinates of this sampling point are 5°24'11" N and 
95°38'61" E, with an elevation of 164 meters above sea 

level. Moreover, this sampling point exhibits low 
temperature but high conductivity and TDS, measuring 
30.01±0.01 ºC, 71.3±0.16 mV, and 349.6±0.89 mg/L, 
respectively. 

3.1.4. Alue PU Manifestation Sampling Point 

Sampling for the Alue PU manifestation was also 
conducted at a single point. The water in this 
manifestation is clear, odorless, and has a neutral pH 
(8.68±0.01). Surrounding the manifestation are rocks and 
small plants. This sampling point is located at coordinates 
5°23'00" N and 95°39'39" E, with an elevation of 312 
meters. Additionally, this sampling point has the lowest 
temperature but the highest conductivity and TDS, 
measuring 29.97 ± 0.01 ºC, 100.7±0.31 mV, and 
372.8±0.84 mg/L, respectively. 

3.2. Cation, Anion, and Isotope Analysis Results 

3.2.1. Measurement Uncertainty 

All data analysis was performed using Powell Geoscience 
Ltd.'s Spreadsheet Version 3 (released on September 3, 
2012), developed by Powell and Cumming. The 
uncertainty of the concentration measurements for each 
parameter is presented as standard deviation values. 
Additionally, various statistical function data were 
obtained using the LINEST method in Microsoft Excel. The 
calculation results yielded statistical function data, 
including the slope (m), standard deviation of the slope 
(Sm), intercept (b), standard deviation of the intercept 
(Sb), determination coefficient (R), standard deviation of 
the regression (Sr), and standard deviation of the 
concentration (SC) [11, 17]. 

3.2.2. Analysis of Cation Content 

This study analyzed the concentrations of K, Na, Ca, and 
Mg cations. Cation concentration measurements were 
performed using ICP-OES, while reservoir temperature 
estimates were calculated using the geothermometer 
method. Calibration data from calculations of cation 
concentrations from geochemical water samples can be 
found in Table 2.
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Table 2. Cation calibration using the ICP-OES method. 

Cations 
Concentration 
Range (mg/L) λ (nm) Linearity 

Coefficient of 
Determination (R²) 

Standard 
Regression (Sr) 

K⁺ 1-20 766.490 y = 507.3x + 358.7 0.9999999930 0.3622 
Na⁺ 1-20 818.326 y = 60.31x - 248.4 0.9999990000 0.3824 
Ca²⁺ 1-20 184.006 y = 91.98x - 0.741 0.9999960000 1.499 
Mg²⁺ 1-20 279.079 y = 215.6x - 35.41 0.9998200000 24.891 

Table 3. Cation concentrations in the South Zone manifestations of Mount Seulawah Agam using the ICP-OES Method. 

No. 
Sampling 

Point 
Na ± Sc 
(mg/L) 

Mg ± Sc 
(mg/L) 

Ca ± Sc 
(mg/L) 

K ± Sc 
(mg/L) 

1 ASH 1 58.11 ± 0.007 10.84 ± 0.127 91.74 ± 0.018 12.30 ± 0.002 
2 ASH 2 60.83 ± 0.006 47.57 ± 0.125 97.39 ± 0.017 12.45 ± 0.001 
3 ASH 3 50.99 ± 0.007 33.94 ± 0.126 75.31 ± 0.018 10.67 ± 0.002 
4 AIM 1 44.13 ± 0.008 32.20 ± 0.125 78.96 ± 0.018 9.24 ± 0.002 
5 AIM 2 77.52 ± 0.007 62.18 ± 0.125 113.84 ± 0.016 20.5 ± 0.001 
6 PU 49.75 ± 0.007 34.47 ± 0.125 53.17 ± 0.017 10.47 ± 0.001 
7 AT 49.75 ± 0.007 34.47 ± 0125 53.17 ± 0.017 10.47 ± 0.001 

Table 4. Anion calibration using the IC method. 

Anion Concentration 
Range (mg/L) Linearity Coefficient of 

Determination (R²) 
Standard 

Regression (Sr) 
Cl¯ 1-30 y = 0.3369x - 0.0081 0.9995 0.09295 

SO₄²¯ 1-30 y = 0.1333x + 0.0031 0.9993 0.04429 

Table 5. Anion concentration in the Manifestation of the South Zone of Mount Seulawah Agam using the IC method. 

No. Sampling Point SO4
2- ± Sc 

(mg/L) 
HCO3

- 
(mg/L) 

Cl- ± Sc 
(mg/L) 

1 ASH 1 41.13 ± 0.412 566.7 11.16 ± 0.297 
2 ASH 2 34.25 ± 0.400 573.3 11.47 ± 0.298 
3 ASH 3 28.19 ± 0.389 454.4 13.62 ± 0.299 
4 AIM 1 28.19 ± 0.389 452.99 9.84 ± 0.296 
5 AIM 2 32.33 ± 0.386 602.05 20.76 ± 0.303 
6 PU 30.57 ± 0.393 401.58 11.57 ± 0.298 
7 AT 78.12 ± 0.470 384.67 13.06 ± 0.299 

 
The results of testing cation concentrations in the 
manifestation areas of Alue Ie Seu’um (ASH1, ASH2, and 
ASH3), Alue Ie Masam (AIM1 and AIM2), Alue PU, and Alue 
Teungku (AT) are provided in Table 3. Calculation of 
cation concentrations in this study was carried out based 
on linearity (equation of lines). The cation concentrations 
obtained were used to estimate the reservoir 
temperature and its characteristics using the 
geothermometer equation, as well as to characterize 
surface water in geothermal manifestations in the South 
Zone of Mount Seulawah Agam. 

3.2.3. Analysis of Anion Content 

The anions measured in this study include Cl and SO4. 
Anion concentration measurements were carried out 
using Ion Chromatography (IC), while for measuring 
bicarbonate ions (HCO3), the acidimetric (acid-base) 
titration method was used [11, 18]. Information regarding 
calibration data from calculations of anion 

concentrations from geochemical water samples can be 
seen in Table 4. 

The results of anion concentration testing in the 
manifestation areas of Alue Ie Seu’um (ASH1, ASH2, and 
ASH3), Alue Ie Masam (AIM1 and AIM2), Alue PU, and Alue 
Teungku (AT) in the South Zone of Mount Seulawah Agam 
can be seen in Table 5. The calculation of anion 
concentration in this study is based on linearity (equation 
of lines). The anion concentrations obtained are used to 
elucidate the characteristics of geothermal fluid types in 
each manifestation in the South Zone of Mount Seulawah 
Agam. 

3.2.4. Isotope Analysis 

The isotopes measured in this study were oxygen (δ18O) 
and deuterium (δ2H), whose measurements were carried 
out using the Liquid Water Isotope Analyzer (LWIA) 
instrumentation. The results of testing isotope values in 
the manifestation areas of Alue Ie Seu’um (ASH1, ASH2, 
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Table 6. Oxygen (δ18O) and Deuterium (δ2D) isotope values in the manifestation area of the South Zone of Mount Seulawah Agam. 

No. Sampling Point δO18 (‰) δD (‰) 
1 ASH 1 -10.36 ± 0.20 -55.9 ± 0.6 
2 ASH 2 -8.99 ± 0.67 -54.7 ± 0.9 
3 ASH 3 -9.37 ± 0.19 -57.4 ± 0.5 
4 AIM 1 -9.82 ± 0.19 -55.2 ± 0.7 
5 AIM 2 -9.78 ± 0.22 -57.1 ± 0.9 
6 PU -10.00 ± 0.26 -53.8 ± 0.9 
7 AT -9.56 ± 0.61 -61.4 ± 0.8 

 

 

Figure 2. The Piper diagram for the manifestation area in the 
South Zone of Mount Seulawah Agam [19]. 

 

Figure 3. The Cl-HCO3-SO4 Triangle Diagram 
for the manifestation area in the South Zone of Mount 

Seulawah Agam [20]. 

and ASH3), Alue Ie Masam (AIM1 and AIM2), Alue PU, and 
Alue Teungku (AT) in the South Zone of Mount Seulawah 
Agam can be seen in Table 6. The calculation of isotope 
values in this study is linked to the international standard 
line V-SMOW, which is used to elucidate hot springs or 
the origin of water (Meteoric/ Magmatic water) in each 
manifestation in the South Zone of Mount Seulawah 
Agam. 

 

3.3. Chemical Composition and Water Type 

The characteristics of geothermal water can be 
determined based on the composition of geochemical 
elements, often depicted in a Piper diagram. Figure 2 
illustrates the South Zone area of Mount Seulawah Agam, 
encompassing the manifestations of Alue Ie Seu’um 
(ASH1, ASH2, and ASH3), Alue Ie Masam (AIM1 and AIM2), 
Alue PU, and Alue Teungku (AT). The plot diagram results 
indicate three types of fluid: cation-chloride, cation-
bicarbonate water, and cation-sulfate [19]. 

Based on the analysis of cations and anions in the 
manifestations of Alue Ie Seu’um (ASH1, ASH2, and 
ASH3), Alue Ie Masam (AIM1 and AIM2), Alue PU, and Alue 
Teungku (AT), it can be concluded that these 
manifestations are dominated by sodium-calcium-
bicarbonate (Ca-Na-HCO3) cations. This manifestation is 
often referred to as neutral bicarbonate water with high 
temperatures and a pH close to neutral, which is formed 
due to the reaction of geothermal fluids with local rocks 
[21]. 

The type of geothermal fluid can be determined based on 
the dominant anion. Each manifestation has a different 
fluid type. Determining the type of geothermal fluid in the 
manifestations of Alue Ie Seu’um (ASH1, ASH2, and 
ASH3), Alue Ie Masam (AIM1 and AIM2), Alue PU, and Alue 
Teungku (AT) is carried out using a Cl-HCO3-SO4 triangle 
diagram plot. Based on the results of anion analysis, all 
these manifestations indicate a bicarbonate fluid type. 
This indicates that the geothermal fluid in the South Zone 
of Mount Seulawah Agam originates from a shallow 
reservoir mixed with rocks or other fluids [22]. This 
manifestation is also known as neutral bicarbonate and 
is often found in outflow areas with shallow reservoir 
depths, high temperatures, and near-neutral pH 
produced by the interaction of fluids with rocks when 
they reach the surface [21]. 

The classification of geothermal water types is based on 
the predominant anion concentrations, as represented 
by the Cl-HCO3-SO4 ternary diagram (Figure 3). This 
diagram illustrates that the water at all points of 
manifestation is of the bicarbonate type. 
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Figure 4. The Na-K-Mg Triangle Diagram for the manifestation 
area in the South Zone of Mount Seulawah Agam [20]. 

3.4. Na–K–Mg Triangle Diagram in Manifestation 

The Na-K-Mg geothermometer method is highly valuable 
for assessing reservoir conditions and conditions near 
the surface. This method combines two distinct 
geothermometer equations, namely Na-K and K-Mg. The 
Na-K equation reflects the slow reaction equilibrium 
process in the reservoir, while the K-Mg equation reflects 
the fast reaction equilibrium process in areas closer to 
the surface. To utilize a Na-K-Mg geothermometer, 
chemical data of sodium (Na), potassium (K), and 
magnesium (Mg) for each hot spring are required, and 
then the data will be plotted on a triangular diagram. 

From Figure 4, it can be inferred that the manifestations 
in the South Zone of Mount Seulawah Agam, including 
Alue Ie Seu’um (ASH1, ASH2, and ASH3), Alue Ie Masam 
(AIM1 and AIM2), Alue PU, and Alue Teungku (AT), exhibit 
characteristics of Immature Waters (partial equilibrium). 
This indicates an immature water condition, as there is 
no equilibrium dissolution of Na-K and K-Mg minerals in 
deep reservoirs, and it is influenced by the dissolution of 
other minerals upon reaching the surface. This condition 
suggests a mixture of surface water and fluid during the 
formation of hot springs. Additionally, hot water is 
influenced by the interaction between hot water and 
rocks [20].  

3.5. Geothermal Manifestation Geothermometers 

Geothermometers are a method utilized to estimate 
subsurface (reservoir) temperatures based on the 
chemical dependency (solution or gas) on temperature 
principle. This method is frequently employed in 
evaluating the geothermal potential of a region and in 
other scientific inquiries. A compilation of equilibrium 
chemical equations that are temperature-dependent is 
referred to as a geothermometer. For instance, the 

solubility of salt increases with rising temperature. 
Therefore, by knowing the composition of the salt, the 
equilibrium temperature at which the salt will dissolve 
can be approximated. However, the processes occurring 
within the earth are significantly more intricate than 
those taking place in a laboratory setting. Consequently, 
in interpreting geothermometer data, assumptions and 
consistency among various geothermometer calculations 
are required. The results of different geothermometer 
calculations for geothermal manifestations in the South 
Zone of Mount Seulawah Agam are presented in Table 7. 

3.5.1. Na-K-Ca Geothermometer 

The Na-K-Ca geothermometer is an equation utilized to 
estimate reservoir temperatures in geothermal systems 
with relatively high Ca concentrations in fluids. This 
equation provides accurate results within temperature 
ranges of 120-200 ºC [23]. Based on the Na-K-Ca 
geothermometer results in Table 7, it can be inferred that 
all manifestation points in the South Zone of Mount 
Seulawah Agam have reservoir temperatures below 180 
ºC. This is attributed to the low Ca content in this region's 
manifestations, which ensures that the ratio of Na-K-Ca 
minerals from depth remains unaffected by the Ca 
content in equilibrium [16].  

3.5.2. K-Mg Geothermometer 

The K-Mg geothermometer was first applied to 
manifestations with shallow depth temperatures ranging 
from 120-140 ºC [20]. However, this equation is not yet 
suitable for subsequent calculations compared to Na-K 
and Na-K-Ca geothermometers, as the geothermal fluid 
has not reached mineral equilibrium. According to the 
results of K-Mg geothermometer calculations in Table 7, 
it can be deduced that manifestations in Alue Ie Seu’um 
(ASH1, ASH2, and ASH3), Alue Ie Masam (AIM1 and AIM2), 
Alue PU, and Alue Tengku (AT) have reservoir 
temperatures less than 120 ºC. This is due to the mixing 
of geothermal fluid and surface water (Mg > 1 mg/L), 
which affects the depth temperature calculation [16]. 
Therefore, based on these findings, this geothermometer 
is not suitable for use in the South Zone of Mount 
Seulawah Agam, Aceh Besar. 

3.5.3. Na-K Geothermometer 

The Na-K geothermometer is a method used to estimate 
reservoir temperatures in high-temperature reservoirs 
and has been developed by several researchers based on 
systematic variations in Na and K content [23]. This 
geothermometer is suitable for geothermal fluids with 
reservoir temperatures ranging from 180-350 ºC and low 
calcium content (CCa½/CNa<1), but it is not suitable for 
temperatures below 120 ºC. Based on the results 
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Table 7. Data from manual geothermometer calculations for the manifestation area in the South Zone of Mount Seulawah Agam. 

No. Sampling 
Point 

Na-K-Ca                     
(Fournier 

& 
Truesdell 

(oC) 

Na/K 
Fournier 

(oC) 

Na/K 
Truesdell 

(oC) 

Na/K 
Giggenbach 

(oC) 

Na/K                 
Tonani 

(oC) 

Na/K                   
Nieva & 

Nieva (oC) 

Na/K 
Arnorsson 

(oC) 

K/Mg 
Giggenbach 

(oC) 

1 ASH 1 66.8 291.0 285.5 300.2 334.0 276.2 286.4 69.9 
2 ASH 2 66.4 287.2 280.2 296.8 328.0 272.5 281.6 53.8 
3 ASH 3 65.2 289.7 283.7 299.0 331.9 274.9 284.8 54.1 
4 AIM 1 58.5 289.7 283.8 299.1 332.0 275.0 284.8 51.7 
5 AIM 2 81.1 315.9 320.9 322.7 374.7 300.6 318.9 61.4 
6 PU 71.4 290.3 284.6 299.6 333.0 275.6 285.6 53.6 
7 AT 56.6 268.6 254.7 279.9 298.9 254.3 258.0 49.1 

 

Figure 5. The isotopic ratios graph in the South Zone manifestation area of Mount Seulawah Agam. 
 
presented in Table 7, the estimated reservoir 
temperatures for the Alue Ie Seu’um manifestations 
(ASH1, ASH2, and ASH3) using the Na-K geothermometer 
averaged 290.77±6.72 ºC, 286.45±7.53 ºC, and 289.3±6.97 
ºC (respectively). For the Alue Ie Masam manifestation 
(AIM1 and AIM2), the estimated reservoir temperatures 
averaged 289.35±6.99 ºC and 319±2.91 ºC (respectively). 
Meanwhile, for the Alue PU and Alue Tengku (AT) 
manifestations, the estimated reservoir temperatures 
averaged 290.02±6.85 ºC and 265±11.39 ºC (respectively). 
This geothermometer equation can be relied upon to 
estimate reservoir temperatures in the South Zone 
manifestations of Mount Seulawah Agam, Aceh Besar, as 
the results are within the applicable range of the Na-K 
geothermometer [17, 23, 24]. 

3.6. Isotopes 

This study primarily focuses on analyzing the content of 
stable isotopes. Common stable isotopes used in 
geothermal research include hydrogen (1H, 2H, or 

deuterium, D) and oxygen (16O, 18O). These isotopes offer 
insights into the processes and origins of water. The δD 
content in geothermal fluids is comparable to that of 
meteoric water, while the δ18O value in geothermal fluids 
tends to be more positive than meteoric water [16]. 
Changes in δ18O values can occur due to exchanges with 
heavier isotopes. Some isotope data indicate that the 
contribution of magmatic fluid to geothermal fluid is 
generally small (around 5-10% of the total fluid), with the 
majority originating from meteoric water. The influence 
of magmatic fluid is typically reflected in the difference in 
δD values between geothermal fluid and meteoric water 
[16]. The stable isotopes analyzed in the warm water 
samples in this research area are D and 18O. These two 
isotopic values aid in determining whether the hot fluid 
in the geothermal system in the study area originates 
from meteoric water or magmatic fluid. Based on the 
data of deuterium and oxygen-18 isotope values (Table 
6), the third hot spring is situated near the blue line, 
representing the Global Meteoric Water Line (GMWL) 
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(Figure 5). This indicates that the water source for the 
geothermal system in the South Zone of Mount Seulawah 
Agam originates from meteoric precipitation. 

This research has several limitations in its 
implementation. For example, the limited number and 
representativeness of geochemical samples can affect 
the accuracy and generalizability of research results. In 
addition, difficult access to geological locations or 
dangerous environmental conditions can make sampling 
difficult and expensive. Geochemical processes are often 
complex because they involve interactions between 
various geological, hydrological, and biological factors 
[11, 25]. Understanding these interactions requires deep 
understanding and is often difficult to fully study. 
Geochemical data is often related to hearths, especially 
when derived from complex analysis methods or difficult-
to-reach locations. In addition, the interpretation of 
geochemical data can be subjective and highly 
dependent on the researcher's knowledge and 
experience. 

Regarding the future, there are several potential 
developments that can be explored. One way is through 
the development of new analytical methods and 
increasing the sensitivity and accuracy of geochemical 
analysis [26, 27]. This can help deepen understanding of 
the geochemical processes that occur in various 
environmental contexts. In addition, the integration of 
geochemical data with data from other disciplines, such 
as geophysics, geology, and hydrology, can provide a 
more holistic picture of geological systems and the 
processes that occur. Case studies that are more detailed 
and involve various scientific disciplines can provide 
deeper insight into the complexity of geochemical 
systems at various locations [28]. The application of 
geochemical techniques for environmental monitoring 
can also make an important contribution to 
understanding patterns of environmental change, 
including pollution problems and climate change [29, 30]. 
Finally, the utilization of new technologies such as 
miniature geochemical sensors, sophisticated 
spectroscopic analysis, and the use of more advanced 
computer modeling can open new opportunities in the 
field of geochemical studies [31]. 

4. Conclusions 

Based on the field research results and fluid 
geochemistry analysis of the geothermal manifestations 
in the South Zone of Mount Seulawah Agam, it can be 
concluded that the surface characteristics for the 
manifestations in the South Zone of Mount Seulawah 
Agam show neutral to slightly alkaline pH values, ranging 
from 6.02 to 8.68. The temperatures are relatively warm, 

ranging from 29.97 to 42.57 ºC. The conductivity values 
range from 49.8 to 100.7 mV, while the Total Dissolved 
Solids (TDS) range from 352.6 to 497.0 mg/L. The 
dominant composition for cations and anions in the 
manifestations in the South Zone of Mount Seulawah 
Agam is sodium-calcium-bicarbonate (Na-Ca-HCO3), 
indicating that the dominant type of water is bicarbonate 
water. The estimated depth temperatures using 
geothermometers in the manifestations in the South 
Zone of Mount Seulawah Agam show the following 
results: Alue Ie Seu’um has an average temperature of 
288.84±2.19 °C. Alue Ie Masam has an average 
temperature of 304.17±20.9 ºC. Alue PU has an average 
temperature of 290.02±6.85 ºC. Alue Teungku has an 
average temperature of around 265±11.39 ºC. The D and 
18O isotope data indicate that the water source in the 
South Zone of Mount Seulawah Agam originates from 
meteoric water. Fluid geochemistry analysis indicates 
that the geothermal manifestations in the South Zone of 
Mount Seulawah Agam have the potential to be 
developed as geothermal areas or power plant 
construction sites. These findings are based on analyses 
in the research area indicating the presence of a high-
temperature geothermal system (high enthalpy) 
characterized by average temperatures of over 225 °C. 
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