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Article history: The Boron-Lithium-Chlorine (B-Li-Cl) trend line serves as a valuable
geochemical tool for distinguishing the dominance of hydrothermal water and
surface water in geothermal environments. In this study, we applied the B-Li-Cl
trend line to analyze the geochemical characteristics of water samples from the
Tengchong geothermal area in Southwestern China. Our results reveal distinct
patterns that differentiate hydrothermal water from surface water, offering
insights into the geochemical processes and interactions occurring in this region.
The lower Cl/Li and Cl/B ratio values of meteoric water with a Cl concentration
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INTRODUCTION

Understanding the geochemical processes in geothermal systems is crucial for the efficient
exploration and management of geothermal resources. One of the most promising tools for this
purpose is the Boron-Lithium-Chlorine (B-Li-Cl) trend line, which can distinguish between
hydrothermal water and surface water. This study focuses on the application of the B-Li-Cl trend line
in the Tengchong geothermal area, located in Southwestern China, a region known for its rich
geothermal activity and diverse hydrothermal features (Guo & Wang, 2012). The Tengchong
geothermal area is an ideal location for studying the interactions between hydrothermal water and
surface water due to its unique geological setting and abundant geothermal manifestations (Meju &
Le, 2002). These features provide an excellent opportunity to apply and validate the B-Li-Cl trend
line as a geochemical tool for understanding the subsurface processes and water interactions in
geothermal environments (Amita et al., 2014).

Hydrothermal systems are complex and dynamic, with various factors influencing the
geochemical composition of water. The B-Li-Cl trend line allows researchers to analyze the
concentrations of boron, lithium, and chlorine in water samples, providing valuable insights into the
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sources and behaviors of these elements within the geothermal system (Yan et al., 2024). By
distinguishing between hydrothermal and surface water, the B-Li-Cl trend line helps to identify areas
with significant hydrothermal activity and potential geothermal resources (Tanimizu et al., 2021).
Geothermal systems offer a unique window into the complex interplay of hydrothermal processes
and surface water interactions. Understanding these interactions is crucial for effective geothermal
resource management and exploration. The Tengchong geothermal area in Southwestern China is a
prime location for studying these dynamics due to its rich geothermal activity and diverse
hydrothermal features. The Boron-Lithium-Chlorine (B-Li-Cl) trend line has emerged as a powerful
geochemical tool for distinguishing between hydrothermal water and surface water (Umam et al,,
2024). By analyzing the concentrations of these elements, researchers can gain insights into the
source and behavior of water within geothermal systems. This method provides a clearer picture of
the subsurface processes and helps in identifying areas with significant hydrothermal activity.

In this study, we applied the B-Li-Cl trend line to water samples collected from various hot
springs and surface water sources in the Tengchong geothermal area. Our goal was to determine the
effectiveness of this geochemical tool in differentiating hydrothermal water from surface water. By
comparing the geochemical signatures of these water sources, we aimed to enhance our
understanding of the geothermal system in this region.

Boron (B)

Boron (B) is an invaluable element in the geochemical analysis of hot springs, serving as a
reliable tracer for various hydrothermal processes. Its unique chemical properties make it an
excellent indicator of water-rock interactions, and its isotopic composition can provide insights into
the sources of geothermal fluids. The ability to distinguish between different sources of fluids, such
as seawater, magmatic water, and meteoric water, enhances our understanding of the complex
geochemical dynamics within geothermal systems (Oi et al.,, 1996; Purnomo et al., 2016; Williams &
Hervig, 2004).

One of the primary reasons boron is so useful in geochemical analysis is its role as a tracer for
hydrothermal processes. The isotopic composition of boron in hot spring waters can reveal the origin
and evolution of hydrothermal fluids. By analyzing boron isotopes, researchers can determine
whether the fluids are derived from seawater, magmatic sources, or meteoric water. This information
is crucial for understanding the geochemical processes occurring within geothermal systems and for
identifying the sources of geothermal fluids (Han et al., 2018; Wunder et al., 2005).

In addition to its role as a tracer, boron concentrations in hot spring waters can indicate the
extent of water-rock interaction. High concentrations of boron often suggest significant interaction
between geothermal fluids and the surrounding rocks. This interaction can lead to the release of
boron into the water, providing valuable information about the geochemical processes occurring
within the geothermal system. By examining boron concentrations, researchers can gain insights into
the types of rocks and minerals present in the subsurface and the extent to which they influence the
chemistry of the geothermal fluids (Meredith et al., 2013a; Oi et al.,, 1996; Purnomo et al,, 2016).

Boron is also useful for estimating the temperature of geothermal reservoirs. The solubility of
boron in water increases with temperature, so higher boron concentrations can indicate higher
reservoir temperatures. This information is valuable for geothermal exploration, as it helps identify
areas with high geothermal potential. By understanding the temperature distribution within a
geothermal system, researchers can better assess the viability of geothermal resources and plan for
their sustainable extraction. Furthermore, boron is an important indicator for assessing the
environmental impact of geothermal activities. Elevated boron levels in surface waters can signal
contamination from geothermal fluids, which is crucial for monitoring and managing the
environmental effects of geothermal energy production. By tracking boron concentrations,
researchers can detect and mitigate potential environmental issues, ensuring the sustainable and
responsible use of geothermal resources (Han et al.,, 2018; Meredith et al.,, 2013b; Purnomo et al,,
2016; Williams & Hervig, 2004; Wunder et al., 2005).

Lithium (Li)
Lithium (Li) is a significant element in the geochemical analysis of hot springs due to its

distinctive properties and behavior in geothermal systems. One of the primary reasons lithium is
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highly valued in geochemical studies is its ability to trace hydrothermal processes. The concentration
and isotopic composition of lithium in hot spring waters can offer valuable insights into the origins
and pathways of geothermal fluids, helping researchers better understand the dynamics of
geothermal systems (Meredith et al., 2013b; Tang et al.,, 2007; Umam et al., 2022).

In the context of geothermal exploration, lithium plays an important role in identifying the
source and evolution of geothermal fluids. By analyzing lithium concentrations, scientists can
differentiate between various fluid sources, such as magmatic water, meteoric water, and seawater.
This differentiation is crucial for understanding the subsurface processes that influence the
chemistry of geothermal systems and for identifying areas with significant geothermal potential.

Lithium is also useful for estimating the temperature of geothermal reservoirs. The solubility
of lithium in water increases with temperature, making it a reliable indicator of high-temperature
geothermal activity. By measuring lithium concentrations in hot spring waters, researchers can infer
the temperature distribution within a geothermal system, which is essential for assessing the
viability of geothermal resources and planning their sustainable extraction (Umam et al,, 2025).
Additionally, lithium can help in understanding water-rock interactions within geothermal systems.
The presence of lithium in hot spring waters often indicates extensive interaction between
geothermal fluids and the surrounding rocks. This interaction can release lithium into the water,
providing valuable information about the types of rocks and minerals present in the subsurface and
their influence on the geochemistry of geothermal fluids (Zandvakili et al., 2024). Studying these
interactions enhances our understanding of the geological processes shaping geothermal systems
(Arienzo etal., 2020; Tang et al., 2007; Toki et al,, 2016).

On the other hand, lithium is an important element for monitoring and managing the
environmental impacts of geothermal activities. Elevated lithium levels in surface waters can signal
contamination from geothermal fluids, which is critical for detecting and mitigating potential
environmental issues. By tracking lithium concentrations, researchers can assess the environmental
effects of geothermal energy production and ensure the sustainable and responsible use of
geothermal resources (Tang et al., 2007).

Chlorine (Cl)

Chlorine (Cl) is a crucial element in the geochemical analysis of hot springs due to its distinctive
properties and its ability to provide valuable information about the hydrothermal system. One of the
primary reasons chlorine is highly valued in geochemical studies is its conservative behavior in
water, meaning it is less likely to participate in chemical reactions compared to other elements. This
characteristic makes chlorine a reliable tracer for understanding the origin and evolution of
geothermal fluids, helping researchers track the movement and mixing of these fluids within the
geothermal system (Hendry et al., 2000; Jalili et al., 2019).

In geothermal exploration, chlorine plays a significant role in identifying the source and
composition of geothermal fluids. By analyzing chlorine concentrations, scientists can differentiate
between various fluid sources, such as magmatic water, meteoric water, and seawater. This
differentiation is crucial for understanding the subsurface processes that influence the chemistry of
geothermal systems and for identifying areas with significant geothermal potential. Additionally, the
ratio of chlorine to other ions, such as sodium (Na), can provide insights into the mixing of different
water sources and the extent of fluid-rock interactions (Igbal et al., 2023; Tsay et al., 2017).

Chlorine is also useful for estimating the temperature and pressure conditions within
geothermal reservoirs. The concentration of chlorine in geothermal fluids is often associated with
the dissolution of chlorine-bearing minerals at high temperatures and pressures. By measuring
chlorine concentrations in hot spring waters, researchers can infer the temperature and pressure
conditions within the geothermal system, which is essential for assessing the viability of geothermal
resources and planning their sustainable extraction. High chlorine concentrations can indicate areas
with high geothermal potential, guiding exploration efforts and resource management (Iwamori,
2007; Vuataz, 1983).

Moreover, chlorine can help in understanding the processes of fluid circulation and recharge
within geothermal systems. The presence of chlorine in hot spring waters often indicates the
involvement of deep-seated fluids that have traveled through the geothermal system and interacted
with various rock formations. By studying chlorine concentrations and isotopic compositions,
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researchers can gain insights into the pathways and mechanisms of fluid circulation, the rates of
recharge, and the connectivity between different parts of the geothermal system. This information
enhances our understanding of the geological processes shaping geothermal systems and contributes
to more effective exploration and management strategies (Millot et al., 2012; Utama et al,, 2021;
Vuataz, 1983).

METHOD

This study relies on secondary data to analyze the geochemical characteristics of hot springs waters
in the Tengchong geothermal area, focusing on the Boron-Lithium-Chlorine (B-Li-Cl) trend line to
distinguish between hydrothermal water and surface water. Literature Review A comprehensive
literature review was conducted to gather relevant information on the geochemistry of hot springs,
the application of B-Li-Cl trend lines, and the geological and hydrothermal characteristics of the
Tengchong region. Sources included peer-reviewed journals, research articles, geological surveys,
and conference proceedings. Key studies on similar geothermal systems and methodologies provided
a solid foundation for this research.

Data Sources Secondary data was collected from one of source by Guo & Wang, (2012) (Table
1), including published research articles, geological surveys, and government reports. Specific data
points included concentrations of boron, lithium, and chlorine in water samples from hot springs and
surface waters in the Tengchong geothermal area. The data covered a range of sampling locations
and time periods to ensure a comprehensive analysis of the region's geochemical characteristics.

Table 1. Characteristics of hot springs from Tengchong, Southwestern China (Guo & Wang, 2012).

No Sample ID Name of spring Sampling location T B Li Cl/Li Cl/B Cl
1 RHO02 Zhenzhu Spring Rehai geothermal field 96 2.01 500 78.4 19.5 39.2
2 RH04 Dagunguo Spring Rehai geothermal field 96.6 1698 6133 87.9 31.7 539.1
3 RHO5 Huaitaijing Spring Rehai geothermal field 92 12.44 4289 978 33.7 419.6
4 RHO6 Guming Spring Rehai geothermal field 96 13.24 4378 91.6 30.3 401.2
5 RHO7 Yanjing Spring Rehai geothermal field 94 1413 4667 88.6 29.3 413.6
6 RHO08 Xiaogunguo Spring Rehai geothermal field 82 5.61 1140 153.3 31.2 174.8
7 RHO09 Dagunguo II Spring Rehai geothermal field 70 6.63 1382 101.6 21.2 140.4
8 RH10 nameless Rehai geothermal field 49.1 1227 4200 821 28.1 344.7
9 RH11 nameless Rehai geothermal field 65.8 793 2778 100.6 35.2 279.5
10 RH12 nameless Rehai geothermal field 90 8.14 2867 975 34.3 279.5
11 RDO1 Xianle Spring Ruidian geothermal field 90 544 1509 86.7 24.1 130.9
12 RD02 Jinyazi Spring Ruidian geothermal field 86 4.89 1400 84 24 117.6
13 RDO03 Xianrendong Spring Ruidian geothermal field 75 6.12 1242 84.5 17.2 105
14 RD04 Zhuyuan Spring Ruidian geothermal field 85 5.1 1438  82.8 23.4 119.1
15 LHO1 Laozaotang Spring Lianghe 82 0.33 2422 82.2 60.3 19.9
16 LHO2 Longwo Spring Lianghe 97 033 3111 431 40.6 13.4
17 TCCO1 Bapai Spring Hehua 20.8 0.01 4.5 511.1 230 2.3
18 TCHO1 Mayiwo Spring Beihai 55 0.02 52 28.8 75 1.5
19 TCHO2 Lingshan Spring Guyong 40.4 0 69.1 10.1 0 0.7
20 TCHO3 Tianbazaotang Spring Danzha 50.6 0.06 68.2 51.3 58.3 3.5
21 TCHO04 nameless Danzha 37 0.05 69.8 47.3 66 3.3
22 TCHO5 Jinquanzhuang Spring Guyong 47.7 098 5733 389 22.8 22.3
23 TCHO6 Shigiang I Spring Jietou 66.7 559 1020 48.6 8.9 49.6
24 TCHO7 Shigiang II Spring Jietou 31.1 0.11 15.5 58.1 8.2 0.9
25 TCHO8 Zhongzhai Spring Jietou 65.6 0.69 1311 153 2.9 2
26 TCHO09 Dongjiazhai Spring Jietou 45.1 0.4 87.6 14.8 3.3 1.3
27 TCH10 Zhuanshan Spring Jietou 43.8 0.28 89.3 15.7 5 1.4
28 TCH11 Xiaotangba Spring Qushi 29.2 111 5689 327 16.8 18.6
29 TCH12 Yanjiatang Spring Chengguan 24 0 32.4 46.3 0 1.5
30 TCH13 Yongle Spring Dongshan 38.3 0 26.9 44.6 0 1.2
31 TCH14 Hubang Spring Puchuan 49.1 0.04 48.9 38.9 47.5 1.9
32 TCH15 Bazhu Spring Puchuan 55 0.1 47.6 88.2 42 4.2
33 TCH16 Xiaotang Spring Panzhihua 96.9 1.88 666.7 613 21.8 40.9
34 TCH17 Menglian Spring Menglian 46 0.02 24.2 33.1 40 0.8

*Temperature (T) in °C; Cl and B concentration in mg/L; Li concentration in pg/L.

Tectonic setting and geology of Tengchong, Southwestern China
Tengchong, located in Southwestern China near the border with Myanmar, is a region of

significant geological interest due to its unique tectonic setting and active geothermal features. The
area is part of the Himalayan geothermal belt and is characterized by its intra-plate volcanic activity,
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which has been ongoing since the Holocene (Figure 1). The geology of Tengchong is influenced by
its position within the India-Eurasia collision zone. This tectonic setting has resulted in complex
geological structures, including crustal rifting and subduction processes. The region is known for its
volcanic activity, with the most recent eruption occurring in 1609. Despite the lack of recent
eruptions, Tengchong remains volcanically and hydrothermally active (Yan et al, 2024). The
Tengchong terrane is composed of various rock types, including granitoids that formed during the
Early Cretaceous period. These granitoids are primarily monzogranites and granodiorites, which are
derived from the partial melting of Mesoproterozoic metabasic rocks in the lower crust. The presence
of these igneous rocks provides valuable insights into the tectonic evolution of the region and the

formation of the Tibetan Plateau (Guo & Wang, 2012; Meju & Le, 2002).
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Figure 1. Geological maps and locations of Tengchong, Southwestern China (Yan et al., 2024)
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In addition to its volcanic features, Tengchong is home to numerous hot springs and
geothermal fields. The geothermal activity in the region is driven by the heat generated from the
underlying magmatic systems. The hot springs in Tengchong are characterized by their high
temperatures and unique geochemical compositions, making them an important area for geothermal
research and exploration. Overall, the regional setting and geology of Tengchong make it a fascinating
area for studying the interactions between tectonic processes, volcanic activity, and geothermal
systems. The insights gained from studying this region contribute to our understanding of the
broader geological and geothermal dynamics within the Himalayan geothermal belt and the India-
Eurasia collision zone (Guo & Wang, 2012; Yan et al,, 2024).

RESULTS AND DISCUSSION

The ability to distinguish between hydrothermal water and surface water is essential to
understanding the dynamics of geothermal systems and to making informed decisions about the
management of geothermal resources. In previous research conducted by Umam et al, (2024),
Figure 2 provides a very clear contrast of the differences between the three types of water: seawater,
hydrothermal water, and meteoric water. These results provide initial clues that this contrast
difference can be the basis for determining the contribution of hydrothermal waters to shallow
groundwater or seawater (Umam et al.,, 2024).
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(Kazahaya etal., 2014)
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Figure 2. The range of Cl/Li ratio and CI concentration for hydrothermal water, meteoric water, and
seawater (Umam et al., 2024).

In addition, other supporting research is the variation of lithium isotopes (Figure 3) obtained
from various types of water by Wan et al., (2017). They highlighted the significant relative mass
difference between the two stable isotopes of lithium: and , which is the largest among metal
elements. This mass difference allows for substantial isotopic fractionation in various geological
processes. On the other hand, the authors discussed how lithium isotopes can be used as tracers for
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subduction-related processes, such as the release of slab-derived fluids, fluid/rock interactions,
partial melting, and crust/mantle interactions. They emphasized that the distinct lithium isotopic
compositions of surface materials and mantle rocks make lithium isotopes valuable for tracing the
movement (Umam et al, 2022) and interactions of materials in subduction zones (Nakajima &
Hasegawa, 2007; Stern, 2002; You et al.,, 1996, 1996; Zheng & Hermann, 2014).
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Figure 3. [sotopic variation of §7Li in various sources (Wan et al., 2017).

The ratio of Cl/Li and Cl/B to the concentration of Cl

The results of the interpretation of the geochemical characteristics of hot springs in the
Tengchong geothermal area, specifically the ratio of C1/Li and Cl/B to the concentration of Cl (Figure
4 and Figure 5), show that both form a downward trend up to a Cl concentration limit of 10 (mg/L).
Previously, Kazahaya et al., (2014) explained that most hot springs or groundwater that contribute
hydrothermal waters (magmatic waters) have a Cl/Li ratio of <1000, while the Cl/B ratio is not yet
known. However, Cl/Li < 1000 has confirmed that all hot springs in the Tengchong geothermal area
have hydrothermal water (magmatic waters) contributions. So that the interpretation of the
geochemical characteristics of hot springs in the Tengchong geothermal area can be analysed in more
depth.

The geographical location of the Tengchong geothermal hot springs supports the Cl/Li and
Cl/B interpretation of Cl, that most of the hot water is mixed with meteoric water rather than
seawater. The lower Cl/Li and Cl/B ratio values of meteoric water with a Cl concentration of <10
(mg/L) indicate that mixing does not only occur when migrating upwards, but also inwards. In this
case, meteoric water that enters interacts with the rock and is heated by the reservoir, so that the
ratio of Cl/Li and Cl/B will decrease due to the increase in the concentration of Li and B. As in the
experiment conducted by You et al., (1996), meteoric water can be likened to a low-concentration
liquid, while rock is a mineral source that, when heated at high pressure and temperature, causes the
concentration of minerals in the rock to come out and mix into the water.
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The absence of a trend formed at a Cl concentration of <10 (mg/L) proves that the Cl
concentration can be diluted by mixing with meteoric water. However, we can confirm that a Cl
concentration >10 (mg/L) is groundwater (hot springs) originating from deep underground or
reservoir water. These results are very similar to the hot springs in the Arima region of southwestern
Japan (Kusuda et al., 2014).

Cl/Li ratio to Li concentration

In contrast to the interpretation results in Figure 4 and Figure 5 using Cl concentration, in
Figure 6 Li concentration < 100 (pg/L) forms a linear trend leading to meteoric water. Meanwhile,
Li concentration > 100 (pg/L) forms a downward trend from magmatic water. This trend can explain
and confirm that in general hydrothermal water has different characteristics from surface water
(meteoric water). However, the high dominance of surface water (meteoric water) can eliminate
traces of hydrothermal water contribution. However, this does not apply to Lithium. These results
are similar to and confirm previous research by (Tanimizu et al., 2021; Umam et al., 2022, 2024) that
a contribution of hydrothermal water of only 0.1% can be detected by the lithium isotope. The
difference in lithium isotope contrast between hydrothermal water and surface water means that
dilution by meteoric water does not eliminate traces of hydrothermal water contribution.
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Figure 6. Interpretation of the Cl/Li ratio against Li concentration in hot springs in the Tengchong
area, Southwestern China

Cl/B ratio to B concentration

The result of the interpretation of the Cl/B ratio against the B concentration in Figure 7 has a
similar trend to the interpretation of the Cl/Li ratio against the Li concentration in Figure 6. Almost
all hot springs in the Tengchong area have a Cl/B ratio of <100, and this value is the basic assumption
that a Cl/B ratio of <100 can also describe the characteristics of hydrothermal water. However, there
is a need for more analysis of the distribution of the Cl/B ratio, as done by Kazahaya et al., (2014) in
their study of the Cl/Li ratio in Japan. Boron (B) concentration < 1 (mg/L) also shows a linear trend
that is most likely towards meteoric water, while B concentration > 1 (mg/L) has a decreasing trend
from magmatic water. Both interpretations between Lithium and Boron confirm previous research
conducted by You et al,, (1996) on the behaviour of minerals in subduction zones. The behaviour of
Lithium and Boron towards temperature changes has the same trend, which can illustrate the origin
of hydrothermal water.
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Figure 7. Interpretation of the Cl/Li ratio against B concentration in hot springs in the Tengchong
area, Southwestern China

The ability to distinguish between hydrothermal water and surface water is essential to
understanding the dynamics of geothermal systems and to making the right decisions about the
management of geothermal resources. The B-Li-Cl trend line provides a reliable and effective method
to achieve this goal, as our findings in the Tengchong geothermal area show. The results of this study
contribute to a broader knowledge of geochemical processes in geothermal systems and highlight
the importance of using advanced geochemical tools for geothermal exploration.

In addition, the insights gained from this research can be applied to other geothermal areas
with similar geological and hydrothermal characteristics. The B-Li-Cl trend line has the potential to
become a widely used tool in geothermal research, providing valuable information for the
exploration and management of geothermal resources worldwide.

The findings of our analysis show different patterns in the B-Li-Cl trend line that can accurately
distinguish between hydrothermal water and surface water. These patterns provide important
insights into the geochemical processes occurring in the Tengchong geothermal system and
contribute to a better understanding of the interaction between various water sources in the area.
By using the B-Li-Cl trend line, we can identify certain areas in the Tengchong geothermal region that
show high hydrothermal activity. This information is invaluable for geothermal exploration and
resource management, as it helps to determine locations with significant geothermal potential. In
addition, this study demonstrates the practical application and benefits of using the B-Li-Cl trend line
as a geochemical tool in geothermal research.

CONCLUSION
The lower Cl/Li and Cl/B ratio values of meteoric water with a Cl concentration of <10 (mg/L)
indicate that mixing does not only occur when migrating upwards, but also inwards. In this case, the
incoming meteoric water interacts with the rock and is heated by the reservoir, so that the Cl/Li and
Cl/B ratios will decrease due to the increase in Li and B concentrations. The absence of a trend
formed at a Cl concentration of <10 (mg/L) proves that the Cl concentration can be diluted by mixing

International Journal of Hydrological and Environmental for Sustainability |51



International Journal of Hydrological and Environmental for Sustainability
Huang. and Korai., 2025 B-Li-Cl Trend Line Can Distinguish The Dominance ...

with meteoric water. However, we can confirm that a Cl concentration of >10 (mg/L) is groundwater
(hot springs) originating from deep underground or reservoir water.

Meanwhile, a concentration of Li > 100 (pg/L) forms a downward trend from magmatic water.
This trend can explain and confirm that in general hydrothermal water has different characteristics
from surface water (meteoric water). However, the high dominance of surface water (meteoric
water) can eliminate traces of hydrothermal water contribution. However, this does not apply to
Lithium. The difference in lithium isotope contrast between hydrothermal water and surface water
means that dilution by meteoric water does not eliminate traces of hydrothermal water contribution.

Boron (B) concentration < 1 (mg/L) also shows a linear trend that most likely leads to meteoric
water, while B concentration > 1 (mg/L) has a decreasing trend from magmatic water. Both
interpretations between Lithium and Boron confirm that the behaviour of Lithium and Boron
towards temperature changes has the same tendency, which can illustrate the origin of hydrothermal
water. Almost all hot springs in the Tengchong area have a Cl/B ratio of <100, and this value is the
basic assumption that a Cl/B ratio of <100 can also illustrate the characteristics of hydrothermal
water.

The B-Li-Cl trend line proves to be a valuable geochemical tool for distinguishing between
hydrothermal water and surface water in geothermal environments. The application of this tool in
the Tengchong geothermal area has provided important insights into the geochemical processes
occurring in the region and has demonstrated its potential for broader use in geothermal research.
The findings from this study will contribute to the effective exploration and management of
geothermal resources, ensuring sustainable and efficient utilization of these valuable energy sources.
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