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Abstract: Coastal geothermal systems are prone to seawater intrusion, which can increase the salinity of geothermal water, reduce

ELTE - M BRI H R 557 7= 98 U5 82 [ R 5 K% 35 (No. 20242D1003601); 5 [ SR RL# 5 470 H (No. 42202334).
EZEE N FH I (2002—), B W05, F 2N FHARA 5 . ORCID:0009-0006-6007-5364. E-mail: LYKcug@163. com
* BWAEE A8 14, ORCID: 0000-0003-3620-7647. E-mail: shihuaqi@cug. edu. cn

SIAEI T o IF, b, 34 bR BL kAR B 58 A0 LA, 2025, B 75 1T IR 5 1 b I 0t AR R G K AR 2 AR AE BOE U AL . st Bk B
50(9):3616—3630.

Citation: Lei Yunkai, Wang Shuai, Huang Xuelian, Lin Jingyu, Han Yongjie, Cheng Zihao, Qi Shihua, 2025. Hydrochemical Characteristics and
Formation-Evolution Analysis of Medium-Low Temperature Geothermal Systems with High Salinity in Coastal Western Guangdong.Earth Sci-
ence,50(9):3616—3630.



% 0 2 5 L 9 A3 B R K A 2 T B R £ 3617

its utilization efficiency, and raise operational costs. As a significant region for medium-low temperature geothermal resources
in China, the coastal areas of Guangdong Province still lack systematic research on seawater intrusion into geothermal
systems and its impacts. This study investigates the hydrochemical characteristics, seawater intrusion extent and formation
mechanisms based on physicochemical data from 35 geothermal water samples, one cold groundwater sample and one
seawater sample in western Guangdong Province. Comprehensive analyses including hydrochemistry, isotopes and
multivariate graphical interpretation methods, are employed to explore these aspects. The research results indicate that
coastal geothermal water exhibits visible seawater intrusion characteristics with high salinity levels, demonstrating a
maximum mixing proportion reaching 41.88%. The hydrochemical types evolve from bicarbonate-type in inland areas to
chloride-type in coastal zones. The geothermal water is primarily recharged by atmospheric precipitation. During the Late
Pleistocene to Holocene period, infiltrated meteoric water from the Yunkai Mountain and Tianlu Mountain areas interacted
with geothermal reservoir rocks at a temperature of 90—126 °C, undergoing gradual temperature elevation. Subsequently,
marine transgression events induced large-scale paleo-seawater mixing into the geothermal system, where seawater migration
was accelerated by thermal convection “pumping effects”. Thereafter, sustained seawater intrusion has persistently affected
coastal areas, ultimately forming medium-low temperature geothermal water with high salinity characteristics.

Key words: medium-low temperature geothermal water; hydrochemistry; seawater intrusion; high salinity; geothermal energy;

isotopes.
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I, A WF 5% 3 A Na-K & & iF . Na-K-Ca & ¥
TR S10, i B T 3F A7 2R 6 R T 5

PH S T 5 B 1T A S1O, 8 BT A R L& 1,
Ik 7 2H 0PN Bty 25 3 B2 11 55 45 R AR L2 X T Na-K il
BETE, BT = A R SR W 2 B0 BROK R I R 38 B 5 4
S DR O I R TR A SR OE A IE A (22 A 2023
F S 2024) ;I ¥ 4 Na-K-Ca i 5 35 Bl N
118~242 °C,F ¥R FE Sk 160 °C, PN fifi 41 18 )3 i [
124~218 °C, ¥R E R 161 °C %R 5 % 2
A o] R A (7 5 8 C O (Lier al., 2020) , 45
FEAHBT Na-K il B30 8 & B A 96 IR B2 1T AE
ZE VAR R e K ZE VR BR 5 10F T 7 B0 S AE
110 CZEA, EREIR B 1H 78 85 CL A, {Ez/l\ﬂdﬁf
A B IR B T A SRR TR AR IR, R IR T
i Na-K-Cali it fin %?ﬂ%ﬁfrﬁr%, Rzl
ﬁkﬂﬁ%%%@JﬁAVHﬁﬁ/?zun,,n%a LA

SRS S S T A - S NI 7S I O Tl NN — B % R R A AR T B OE
F1 HPKMGERE(C)
Table 1  Geothermal water thermal storage temperature (°C)
ID iy ID P

T, T, T, T, T, Ty T, T, T, T, T, T,

W-01 158 161 106 103 78 73 W-07 259 212 97 93 69 63
W-02 179 168 102 99 74 68 W-08 296 242 92 88 64 57
W-03 279 218 103 100 76 70 W-09 192 190 111 109 84 80
W-04 106 132 86 80 57 49 W-10 189 174 87 81 58 50
W-05 175 173 113 112 86 83 W-13 186 166 115 113 87 84
W-06 193 182 116 115 89 86 W-14 145 135 129 131 103 103
W-11 151 160 93 89 65 58 W-15 169 145 93 89 65 58
W-12 150 149 88 83 60 52 W-16 496 196 121 121 95 93
Ww-21 144 135 107 105 80 76 W-17 171 159 131 132 104 105
W-23 176 162 131 132 104 105 W-18 175 160 110 108 83 79
W-26 148 160 143 147 117 121 W-19 156 149 124 124 97 96
Z-01 233 170 151 156 126 132 W-20 159 149 110 108 83 79
7-02 235 170 126 127 100 99 W-22 219 157 120 119 93 91
7-04 178 139 143 147 118 122 W-24 180 151 127 128 101 100
Z-05 223 168 131 132 104 105 W-25 132 127 143 147 117 121
7-09 107 124 106 103 78 73 7-03 94 118 55 47 27 14
7-06 134 140 115 114 88 85

7-07 135 150 122 122 95 94

7-08 105 124 116 116 89 87

¥ 177 161 116 115 89 87 ¥H 189 160 111 110 84 81

TE:T:Na-K, T=933/1gNa/K)+0.993] — 273.15(Arnorsson, 1983);T:Na-K-Ca, T=1647 [1gNa/K)+(1/3)(g(Ca"*/Na)+2.06)+ 2.47] —
522/(5.73—1gSi0,) ] —273.15(Fournier, 1977) 5 T, : 7 %% ( JG %% ¥ 16
&), T=1[1309/(5.19—1gSiO,) ] —273.15(Fournier, 1977); T;: L8 (e KZE KB K ), T=1[1 264/(5.31—1gSi0,) | —
—273.15(Fournier, 1977).

(Fournier and Truesdell,

1983) 5 Ty : KA (JLZERMAK) , T=11 032/(4.69—1gSi0,) ]

1973) 5 Ty A (e RZZ R AR ), T=[1

273.15

273.15( Arnorsson ,
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