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Abstract: Karst geothermal systems hold enormous potential for geothermal exploitation. The Maxing and Gepi geothermal
anomaly areas are typical geothermal fields in Longmen County, Guangdong Province. The temperature and fluid evolution of
geothermal reservoir can be clarified, with the analysis of ion ratio relationship, 8D and 8O isotopes, and geothermal
thermometers et.al. It is indicated that silicate minerals, carbonate minerals such as calcite dissolution, and accompanying cation
exchange control the hydrochemistry evolution, thus forming slightly alkaline HCO,-type geothermal water with lower TDS in the
study area. The results suggest that atmospheric precipitation is the main recharge source. The reservoir temperature is 105.0—

148.0 “C and 101.5—131.0 °C for Maxing and Gepi geothermal reservoir respectively, with a lower temperature during upwelling
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caused by mixing with cold water up to 44.2% and 48.5% dilution. In this case, a conceptual model for geothermal fluid

evolution is proposed based on the geothermal water hydrochemistry and reservoir temperature characteristics.

Key words: karst geothermal water; hydrochemistry; geothermal reservoir temperature; conceptual model; geothermal energy.
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Fig.1 The location and geological sketch map of the study area (a), and geological cross-section sketch of A-B (b)
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T LR B B AR i 5L A DL K A 2 28
B J HCO,-Na & 1 HCO,-Ca 8 /K (| 2).Ca*" il
Na o b #A0K (9 32 22 PH B, 24 & Wk 8 2 F T
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BB, (0 5 B b 35  h SLOKFE 9 SO & i
PR Y R S A B T 60%0 SR F 2 b A
K DL 43, A Ml AR R OK R ST T I
4y 9 ik B T 33.76 mg/L Ml 27.00 mg/L, F~ &
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32 K-FHHEEEH
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Table 1 Location and water chemistry information of geothermal water in Maxing and Gepi
R b [ B b 1A FH
ZK-1 ZK-2 ZK-9 FL SL LZQ ZK-4 ZK-5 7K-6 ZK-8 KL
250 (dbdi)  23°347107 237347107 23°34714" 237347117 23°34'8"  23°34'13” 23°34’27" 23°34'31" 23°34'31" 23°34'32" 23°34'56"
20 (ReR)  113°59'517 113°59/58” 113°59'54” 113°59/46” 113°594” 113°59’50” 113°59'18” 113°59’13” 113°59'18” 113°59'17" 113°59'36"
SR B (C) 69.0 32.0 42.1 64.5 63.4 59.4 75.0 64.8 54.5 40.9 66.4
pH 7.58 7.81 7.56 7.36 7.07 7.51 7.91 7.66 7.68 7.83 7.92
TDS (mg/L) 180.2 84.6 181.3 233.0 367.0 169.5 159.2 129.8 108.3 99.1 193.1
DO (mg/L) 4.33 3.71 4.47 3.37 4.31 3.57 3.48 3.89 3.94 4.91 4.30
ORP (mV) 294.2 208.2 244.4 296.5 226.6 208.4 241.2 293.1 275.1 223.7 231.6
COND
375 178 376 480 751 352 392 312 260 235 402
(pS/cm)
Ca’" (mg/L) 24.72 41.77 52.66 41.86 115.70 21.45 10.21 28.18 46.48 57.08 22.88
K (mg/L) 5.60 3.01 5.09 7.34 8.74 5.66 6.28 3.91 2.32 1.60 5.93
Mg2+
0.64 8.25 2.61 1.22 9.51 0.46 0.26 1.58 4.51 5.68 0.53
(mg/L)
Na' (mg/L) 92.89 6.70 65.87 108.40 116.20 91.99 86.50 48.37 19.77 9.07 104.10
Si(mg/L) 40.93 16.80 29.63 38.43 37.00 39.75 43.43 26.04 14.60 9.00 41.90
F (mg/L) 8.39 1.91 4.75 9.27 8.61 9.43 13.45 6.29 2.97 1.71 9.77
Cl (mg/L) 9.34 3.06 5.46 10.58 10.81 8.91 9.66 5.49 4.04 3.59 11.13
SO/ (mg/L)  24.85 5.50 68.65 109.40 368.30 21.20 23.65 20.03 17.38 15.06 33.05
HCO,
298.2 155.0 259.5 266.6 249.2 284.1 230.0 195.7 179.2 171.7 305.1
(mg/L)
818(')\'51\/1()\‘/ =
~7.05 -6.05 ~6.42 / / -6.95 ~7.06 -6.22 -5.99 -5.92 /
(%)
3Dy sow (%o) 43.75 37.84 39.80 / / 44.16 44.09 38.69 37.06 36.78 /

TR/
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Fig.2 Piper diagram of geothermal water
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S — Bl 2 H AT LR B R R A K2 IS E
Tk R £ A 0 W0 AR 4 (Aydin er al., 2020) , %
HON K RETR R0 ) R AR U Na' 7F — 2 B ¥
T YERE T B B B Y P A L R 30 Nat i i
I T CU iy & &, 55 & IR0 0 B K I R A, &
b B U R AR PR Na© L CL & & 52 R s
Kl 3g h K43 K HE Y (Na'/Ca® ) K F 1, —
MR TR T BT Bk R AR T U5 RN
SR A T A6 B AR (0 [ A4, 2024) R UBR M 48
B (CAD P LUAR 7 85 1 28 #e 1f O0 , WF 5% XK B 1)
CAI¥J/NF OCKE 3h), RIZK H iy Ca®' Mg*' 5 [ &
HEHEKENRE LB Na B4 THE FH/ER,
& Na™ 7% i = 9 5 2 B (Fu er al., 2018).
CAIM A X E R c B IE S, WEE NN
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Table 2 Mineral saturation index (SI) of geothermal water
samples in Maxing and Gepi

REERD KRR Drfa A Aaa BOF OF kR

ZK-1 0.59 -7.73 0.06 -2.43 -2.54 0.26 0.57

ZK-2 0.38 -9.26 047 -3.17 -2.98 0.24 0.65

ZK-9 0.
R M

o

0 -8.06 0.18 -2.00 -1.87 0.51 0.89

w

FL 045 7.61 -0.18 -1.70 -1.76 0.33 0.65

SL 045 -7.60 0.25 -0.93 -0.98 -0.13 0.20

LZQ 035 -7.73 -046 -2.66 -2.67 -0.31 0.03

ZK-4 048 -7.72 -0.17 -2.72 -2.89 0.06 0.35

ZK-5 0.53 -8.22 0.30 -248 -2.54 0.27 0.59

w

W 5 i
P ZK-6 0.61 872 0.72 247 -244 041 0.75

ZK-8 0.66 9.09 0.80 -2.58 -2.44 049 0.87

KL 0.84 -7.60 0.54 -2.40 -2.49 0.08 0.40

(Blasco et al., 2018; Li et al., 2018, 2020; Sun et
al., 2023). FA B FF1 SiO, b BGRB8 UL i
Mo HAOKOR BE R TR AR 48 Giggenbach (1988) 1Y
Na-K-Mg = £ & (K 4) , K FE R 5 7 Mg'” i ik
b F R B BCIR ZS L U b #ROK R BH S A R
B -4, BT LUAE 5 X3RO0 R R 9 3 B8 R fe T B
BT PGR B (OR B4, 20215 2814, 2023) .

S10, & & AP IR B2 % U0 AH OC A 0 R K
JEH LY S0, H #4GR E F PHREEQC 3 5 15 3
B A7 % R R 1Y AR RN 8 B3 R 43 i) #E 0.03~0.89
M —0.31~0.11(% 2) , R W A4 &M EH 1 C K
A IR B - iR A AR SCBEE T Fournier (1977) fl
Arnorsson (1983 ) #2 H f4 3b #4476 B 31 31 8 0F 5% X
P R E (X 6~9 h SiO, $8§ SiO, 1Y %, mg/
L), ih8 g5 R W oR, B8 IO E &S T B
POt (H P AN B Y IR B B AR T 150 °C.

1522
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Fig.4 Na-K-Mg ternary plot for the geothermal water

samples in the study area
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T ot 273.15, (8)
Al (e R ZE IR 531 o lgSIOz . 5
1032
—27315.  (9)

T ps xmremsn) = 4.69 — 1gSiO,
412 FBE-RBEMEE NaK-Mg =4 K15 R # 4
K I AE TR GRS, R W] ROR AR b T i R v
oAV KR A B R TR — T 1 A vk TR
5), AT LTS R AECIRZS T AY B 0 46 TR L R A 0
Ve BOK IR A He ], 207 YR Ve 4% 1 & AR Dy A A2 s i
AR T R S W RO R R K R AETIR G TS
FAAE (B 1 B2 = AP AE ) (Guo ez al., 2017).
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Fig.6 Variation of temperature with mineral 1g(Q/K) values in geothermal water samples
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