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Article history: This study reports chemical and isotope data from thermal water samples
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volcanic area. Variables such as stable isotopes, major, and Li/Cl ratios were
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Copyright : © 2023 Foundae location have a moderate temperature ranging from 47°C to 54°C with 6.23 pH.
(Foundation of Advanced Lithium and Chloride concentrations as well as Isotope §180 and 8D ranges from
Education). Submitted for 0.02 mg/L to 0.04 mg/L, 5.19 mg/L to 46.12 mg/L, -5.26 %o to -2.65 %o, and -
possible open access 5.26 %o to -2.65 %o, respectively. The stable isotope showed that the thermal
publication under the terms water samples have a shift value of 6180 similar to hydrothermal water. The
and conditions of the Creative result also has a positive correlation with the distribution of the Li/Cl ratio
Commons Attribution - plotted close to the magmatic water. Consequently, the Natar hot springs may
ShareAlike 4.0 International have formed due to the magmatic process of Mount Betung Quaternary with a
License (CC BY SA) license lower temperature than an active volcano.

(https://creativecommons.org

/licenses/by-sa/4.0/). Keywords: thermal water; major elements; stable isotopes; chlorine-lithium

ratio; sumatra

To cite this article: Igbal, M., Kusumasari, B. A., Atmapradhana, T., Trinugraha, A, C., Palupi, E, K, and Maulidi, I. (2023).
Characterization of Thermal Waters Origin from the Back Arc Lampung Province, Indonesia: An Evaluation of Stable
Isotopes, Major Elements, and Li/Cl Ratios. International Journal of Hydrological and Environmental for Sustainability,
2(1), 01-12. https://doi.org/10.58524 /ijhes.v2i1.171

INTRODUCTION
The majority of the hot spring systems in Indonesia are related to volcanic and subduction activity
(Deon etal., 2015; Idroes et al., 2019; Lange et al.,, 2018; Riogilang et al., 2012; Takahashi et al., 2000)
with Sumatra having the longest row of volcanoes (Hanus et al.,, 1996). The volcanic chains in the
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highland area of Bukit Barisan Sumatra (BBS) extend from northern Sumatra (Aceh province) to the
south (Lampung Province) (Hanus et al., 1996; Liu et al,, 2021; Nukman & Hochstein, 2019). The
Bukit Barisan Sumatra Plateau (BBS) was formed due to the subduction of the Indian-Australian
Ocean plate in the western region of Sumatra and moves 7.2 mm/year and 5.2 mm/year in the south
and northern part, respectively (Figure 1) (Hanus et al,, 1996; Lin et al, 2014; Liu et al.,, 2021;
Nishimura et al., 1986).

. Volcano H Sunda Trench

Indian Ocean Plate ;§ BBS Plateau

. Australian Plate

Figure 1. The tectonic setting of Sumatra includes the active volcanoes (Anuar et al., 2021; Bronto

etal,, 2012; Hariyono & S, 2018; Kusumayudha et al., 2018; Nakada et al., 2019), Sunda Trench and

the motion of the Indo-Australian plate relative to a fixed Eurasian plate (Hanus et al., 1996; Lin et

al.,, 2014; Liu et al., 2021; Malod et al., 1995; Nukman & Hochstein, 2019; Sabara et al., 2021; Utama
etal, 2021)

The difference in subduction speed between the northern and southern parts of Sumatra is
caused by the Australian plate thrust in the south. (McCaffrey, 2009). Furthermore, subduction
activity is faster in southern Sumatra as compared to the north, causing a series of more active
volcanoes (Anuar et al,, 2021; Hochstein & Sudarman, 1993; Utama et al., 2021). Likewise, other
phenomena such as earthquakes (Lin et al., 2014) and the emergence of thermal waters (Riogilang
et al, 2012). Generally, thermal waters are commonly found in volcanic area surfaces, but also
emerge in non-volcanic areas such as in the Arima area, Southwestern Japan (Fujita Y, 2014;
Kazahaya et al., 2014; Kusuda et al,, 2014; Masuda et al., 1985; Matsubaya et al., 1973; Morikawa et
al,, 2008, 2016; Nakamura et al., 2016; Tanaka et al.,, 1984).

In the Natar back-arc region of Lampung province, several thermal water appeared near the
Quaternary Betung Mount at around 15 km with a water discharge of 0.03 - 1 liter/second (Igbal et
al., 2019). However, this mountain is no longer active or there is no volcanic activity (Mulyasari et al.,
2019). The hot springs that appear in the back-arc region of Lampung Province, have a distance of
about 20 kilometers from a row of volcanoes.
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The thermal waters that appeared in the Natar area (Figure 2) were sampled in this study to
determine their type, characteristics, and origin. Geochemical analysis was also carried out using
several methods such as major elements, stable isotopes (oxygen and hydrogen), and the Cl/Li ratio.
This study is expected to provide deeper information on the origin of thermal water formation in the
Natar back-arc region of Lampung province, Indonesia.

Study Area

Lampung Province is an area that has several active volcanoes, dormant (never erupted), and
inactive volcanoes (Quaternary Mount) (Hariyono & S, 2018; Kusumayudha et al.,, 2018; Nakada et
al,, 2019). On the other hand, the western part of Lampung province has an elongated plateau, which
is part of the Sumatran Bukit Barisan (BBS) (Hanus et al,, 1996; Hochstein & Sudarman, 1993; Lange
etal.,, 2018; Malod etal., 1995; McCaffrey, 2009; Nishimura et al., 1986). There are dormant volcanoes
in the Lampung highlands whose activities are still used as geothermal manifestations (Hochstein &
Sudarman, 1993; Utama et al,, 2021).
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Figure 2. Map showing the study area, major fault systems, and geological background in Natar
back-arc Lampung province, Indonesia. The sampling location is indicated on the circle point with
the color and name of the locality
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Based on the geographical structure, the Lampung region has a large fault (Sumatra fault) along
with the BBS, which was formed due to the oblique subduction beneath Sumatra and the convergent
motion of the Mentawai Faults in the western region (Malod et al., 1995). There is also a Panjang fault
that extends from around Mount Betung to a dormant active volcano (Rajabasa volcano) (Hariyono
& S, 2018; Igbal et al, 2019). Lampung province is a fluvial-terrestrial rock of the Pliocene-
Pleistocene age and is composed of pumiceous tuff, rhyolite-dacite tuff, and tuffaceous sandstone
(Darmawan et al., 2015). This fluvial-terrestrial rock or formation has a thickness of about 200
meters and covers virtually the entire province of Lampung (Jansen et al., 2021).

METHOD

The sampling points on the map of Natar back-arc Lampung Province, Indonesia were marked
(Figure 2). The groundwater samples from 4 thermal and 1 shallow well water in June 2018 as
shown in Table 1 and Table 2 were collected in Natar area. The water temperature, pH, debit, and
temperature were measured at the sampling location (in situ). All chemical analyses were performed
in the PAIR-BATAN Jakarta, Indonesia for support in analyzing the thermal water samples. The water
analysis techniques use 2 machines namely lon Chromatography (Dionex ICS-3000, Thermo Fisher
Scientific) for major cations of Ca, Na, Mg, K, and anions including SO4, HCO3, and Cl.

Table 1. Analytical thermal water results and seawater from the reference in trace element, ratio,
and stable isotopes

Fluid Type Date and Sample E'II::]Z(:“ Ratio Stable Isotope
(Source) Location  mame i (om)  clyLi Li/Cl 8180 (%0) 8D (%o)
HSW-01 0.03 1344.33 0.000743863 -4.97 -40.4
Thermal water 2018, HSW-02 0.02 1766.50 0.000566091 -2.65 -27.2
(this study) Natar HSW-03 0.02 2306 0.000433651 -5.18 -37.4
Lampung, HSW-04 0.02 1945 0.000514139 -5.26 -40.1
Shallowwell =~ Indonesia gy 0.04 129.75  0.007707129 -3.27 -35.4
water (this study)
Modern seawater 1992,
(0i, T et al., 1996) S}Z)a;l;l, Seawater 0.17 111764 8.94737E-06 0 0

Table 2. Analytical thermal water results and seawater from the reference to environmental
conditions and major elements

Sample Condition Major Elements (mg/L)
name pH Temp (°C) Mg2+ Na+* K+ Caz+ Cl- S04 HCO3-
HSW-01 6.23 54.3 12.55 97.72 6.92 3.86 40.33 23.81 253.39
HSW-02 7 50 15.93 120.11 3.81 44.79 35.33 20.81 459.47
HSW-03 7 47 15.03 93.24 8.12 4.38 46.12 20.57 246.97
HSW-04 7 40 15.42 98.43 5.29 15.77 38.90 20.11 307.06
sww 7 nm 15.55 26.86 2.46 28.11 5.19 35.66 205.22
Seawater 8.03 12.6 1400 10600 431 394 19000 2470 2750.52
RESULTS AND DISCUSSION

The results of 4 thermal water samples have a quite high concentration of Chlorine (Cl) ranging from
38.90 mg/L to 46.12 mg/L. Despite the lower Cl concentration from these thermal waters compared
to the modern seawater (* 19000 mg/L) (Kazahaya et al., 2014; Oi et al., 1996), it still exceeds that
of the shallow ground and surface water (li et al., 2019). Sodium (Na) and Potassium (K)
concentration has a quite high value ranging from 93.24 mg/L to 120.11 mg/L and 3.81 mg/L to 8.12
mg/L in Ca and K, respectively. The concentration of Calcium (Ca), magnesium, and sulfate range
from 3.86 mg/L to 44.79 mg/L, 12.55 mg/L to 15.93 mg/L, and 20.11 mg/L to 23.81 mg/L
respectively. The concentration of fluoride in groundwater varies from 2.12 mg/L to 2.91 mg/L.
Based on the piper diagram (Figure 3), almost all thermal water samples belong to the sodium
bicarbonate type and are mostly found in the fluvial-terrestrial rocks (Triani et al., 2021) or karst
region (limestone) (Hariyono & S, 2018; Nakada et al, 2019) in the groundwater category.
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Meanwhile, piper diagrams are excellent for tracking the origins of early groundwater based on
species dominance (Kumar et al., 2009; Nazri et al., 2016; Ravikumar & Somashekar, 2017; Singh et
al,, 2020; Umar Kura et al,, 2013). However, further confirmation is needed on the origin of the
thermal water samples.

Calcium (Ca) Clorine (Cl)

@ Thermal water (HSW-01)
O Termal water @ Thermal water {HSW-02)

@ shallow well water @ Thermal water (HSW-03)
® Modern seawater @ Thermal water (HSW-04)

Figure 3. The Piper diagram shows the origin of the fluid according to the predominance of
chemical composition (Briel, 1993; Sadashivaiah et al., 2008)

In previous research, Kazahaya et al.,, (2014) used the Cl/Li ratio of thermal water in Japan and
discovered very useful information that a Cl/Li ratio > 1000 is a characteristic feature of
hydrothermal waters. Millot et al,, (2012) and Tanimizu et al., (2021) confirmed that Lithium (Li) is
very sensitive to high temperatures. Furthermore, groundwater with a high Li concentration is
commonly found in the inner layer, namely the mantle (Meredith et al., 2013; Nishio etal., 2010; Tang
etal, 2007; Tomascak, 2004). Information on the high Li concentration in groundwater supports the
results of (You et al,, 1996) comparing the behavior of Lithium (Li) and Boron (B) when experiencing
changes in temperature (Figure 4).
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The interpretation results of the isotope stable (Figure 5) showed that thermal water samples
have a range of 6D from -27.2 %o to -40.2 %o with shift value 680 ranging from 0.745 to 1.33 (from
Global Meteoric Water Line). The shift value 6180 for shallow well water is 2.40. According to
Matsubaya et al. (1973), a high shift value occurs due to the long water-rock interaction process
compared to surface or meteoric water. Furthermore, thermal water samples have a high shift than
surface water and are similar to the geothermal from TVZ, New Zealand (Millotetal.,, 2012). However,
the shift value 6180 on geothermal hydrothermal water is not as high as the hydrothermal (Arima
Type) from the non-volcanic area, in Japan (Kusuda et al., 2014; Masuda et al., 1985; Matsubaya et
al., 1973; Morikawa et al., 2016; Nakamura et al., 2016).
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Figure 4. Chemical evaluation of fluids affected under high temperature and pressure variations
(Youetal, 1996)

The interpretation of Li/Cl and 1/Cl ratios from thermal water samples in Figure 6 shows a
positive correlation with the stable Isotopes in Figure 3. Furthermore, all thermal water samples
have plot points close to the magmatic type, while the shallow well is plotted far away. The result of
Kazahaya et al., (2014) using 49 thermal water spread throughout Japan showed that magmatic
water has Li/Cl > 0.001 (in wt. ratio) with 1/Cl < 0.001.
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Figure 5. Stable isotope from groundwater samples in the Natar area
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Figure 6. Interpretation ratio Li/Cl dan 1/Cl from thermal water and shallow well water samples
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These results are also positively correlated with previous studies by Tanimizu et al., (2021)
and Hosono et al,, (2020) about the contribution of hydrothermal water (magmatic water) to the
aquifer. Combing these results using the mixing equation (Faure, 1986; Tanimizu et al., 2021). The
difference in Li content between surface and deep groundwater can be seen using the mixing
equation up to a sensitivity of 0.01% since Lithium is abundant in the earth (mantle) (Umam et al,,
2022).

CONCLUSION
This study's results and previous investigations showed that the trace elements (Li) can be used as a
potential hydrothermal tracer. Furthermore, the piper diagrams interpretation of thermal water
samples that emerges in the sampling location has the dominant type of sodium bicarbonate. This
indicates a relationship with the surrounding rock formations, namely fluvial-terrestrial rock
formations of the Pliocene-Pleistocene age. Therefore, there is a possibility that the origin of Natar's
thermal water formation is due to the magmatic process of Mount Betung Quaternary with a lower
temperature than an active volcanic mountain. The table isotope interpretation also shows that Natar
thermal water is plotted in the distribution area of New Zealand's TVZ geothermal water distribution.
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