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[ Abstract] The Yinggehai-Jiusuo Basin is located within the South China Plate and situated near the Jianfeng-Diaoluo Fault( F1)
and the Jiusuo-Lingshui Fault ( F2). It boasts abundant geothermal resources, which are extensively distributed in the sedimentary
sand layers of the Yinggehai-Jiusuo Basin and granite fractures. To resolve the issue of insufficiency in regional sedimentary basin-type
geothermal research, 43 hydrochemical samples and 27 hydrogen-oxygen isotope samples were collected. Combined with ion ratio
calculation, PHREEQC-based mineral saturation index simulation, cation geothermometer, SiO, geothermometer, and the silicon-
enthalpy graphic method considering maximum steam loss, a systematic analysis was conducted on the hydrochemical characteristics of
geothermal water, laws of material cycling and genetic model. The results show the following. The hydrochemistry of geothermal water
exhibits significant spatial and vertical differentiation. From the bedrock area to the southern part of the basin, the hydrochemical type
transforms from HCO;-Ca - Na to SO, - HCO,-Na, and the average concentration of F~ increases from 0.5 mg/L to 10.2 mg/L.

Vertically, the contents of TDS, Na®, and Cl~ in geothermal water from Yinggehai decrease with depth, while those in Jiusuo show an
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increasing trend. The hydrochemical components are mainly controlled by rock weathering, with poor overall confinement. Cations are
subject to dual regulation by the leaching of silicate minerals and cation exchange adsorption,where Ca’* and Mg’* displace Na* and
K* in minerals. The enrichment of F~ is the synergistic result of fluorite dissolution, calcite precipitation promoted by an alkaline
environment, and the combined action of the Jianfeng-Diaoluo Fault (F1) and Jiusuo-Lingshui Fault (F2). The silicon-enthalpy
graphic method is preferred for calculating geothermal reservoir temperature, with a range of 84 ~234 “C. The temperature is the
highest in the Fubao Qianjia geothermal field (167 ~ 234 °C) and the lowest in the Yinggehai geothermal field (84 ~ 96 °C).
Geothermal water originates from atmospheric precipitation, with a recharge elevation ranging from 513 m to 977 m, showing a variation
pattern of “bedrock area > the northern part of the basin > the southern part of the basin”. A geothermal genetic model was
established; high-altitude precipitation infiltrates along F1 and undergoes deep circulation. After being heated by Yanshanian granite
and undergoing water-rock interaction, it differentiates to form bedrock fracture-type geothermal reservoirs and basin layered-banded
composite geothermal reservoirs. With the superposition of the F2 fault, the Jiusuo high-F~ composite geothermal reservoir is formed.
Based on the calculated geothermal reservoir temperature and measured hydrochemical characteristics, the zoning of geothermal
resource development potential was carried out. The research results can provide theoretical support and practical reference for the
exploration, development and utilization of similar sedimentary basin-type geothermal resources in the coastal areas of South China.
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Fig. 1  Distribution map of regional geology, geothermal field locations and sampling points
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Table 1 Hydrochemical components of geothermal fields in Yinggehai-Jiusuo Basin and its surrounding area, Hainan Island

g/ &S/ (mg-L™!

FEOwS el C  TDS Na®* K* Mg" cazi F( : cl *) S02~ HCO; NO; SiO, AR #iE
1 L-ZKI 6.56 32.0 135 23.4 53 2.2 20.8 0.2 154 52 1250 1.1 81.7 HCO,-Ca-Na —
2 L-ZK2 8.17 40.2 242 76.6 4.2 1.5 17.1 0.4 36.6 9.7 192.0 4.2 48.7 HCO, - Cl-Na —
3 L-ZK4 7.62 34.0 211 347 50 4.5 39.2 0.2 13.0 4.0 229.0 0.4 38.0 HCO;-Ca-Na —
4 L-ZK5S 7.80 35.9 200 51.3 4.2 1.7 25.5 0.4 17.6 6.4 187.0 1.4 36.3 HCO;-Na-Ca —
5 L-ZK6 8.01 47.0 411 114.0 6.6 6.9 26.8 0.4 146.0 22.3 177.0 5.6 62.8 C1-HCO;-Na —
6 L-ZK8 7.73 49.0 573 155.0 8.0 11.6 42.3 0.2 223.0 32.1 203.0 1.8 48.2 CI-HCO;-Na-Ca —
7 L-ZK9 7.41 42.0 208 46.5 4.6 1.7 33.5 0.3 156 6.7 198.0 1.3 50.4 HCO,-Na-Ca —
8 L-ZKIl 7.82 46.5 242 64.7 4.7 1.7 251 0.5 36.1 9.7 199.0 2.1 52.0 HCO, - Cl-Na-Ca —
9 L-ZKI2 7.66 42.0 362 55.0 4.5 1.9 26.1 0.4 16.4 4.5 198.0 3.2 50.8 HCO,;-Na-Ca —
10 L[-ZKI13 8.10 32.0 166 31.6 6.4 2.5 253 0.5 16.1 7.7 153.0 3.0 66.1 HCO,-Na-Ca i
11 L-ZK14 7.78 42.0 239 47.1 4.6 4.6 39.3 1.3 30.6 13.7 198.0 2.5 62.3 HCO;-Na-Ca 2 AL
12 L-ZKI5 8.35 41.0 527 153.0 4.9 9.9 28.8 0.7 220.0 31.3 158.0 3.2 36.2 C1-HCO,-Na AL
13 Y-ZKla 8.48 37.0 673 175.0 3.3 1.1 58 1.0 19.7 4.0 416.0 5.1 19.8 HCO,-Na N
14 Y-ZK1b 8.49 37.0 652 172.0 3.3 1.2 6.5 1.0 16.1 4.0 402.0 7.6 20.6 HCO,-Na N + Qel
15 Y-ZKlc 8.43 37.0 610 164.0 3.2 1.2 6.6 0.9 17.7 4.0 3640 4.9 19.5 HCO,-Na N+ Qel +y
16 Y-ZK2a 8.43 35.2 940 251.0 4.0 2.4 9.7 0.8 355 4.8 5740 87 17.7 HCO,;-Na 41l
17 Y-ZK2b 8.45 35.0 937 251.0 4.0 2.5 10.1 0.8 37.1 5.9 570.0 11.1 16.6 HCO;-Na N + Qel
18 Y-ZK2¢ 8.47 35.8 1249 331.0 5.1 3.4 7.8 1.2 246 50 8040 10.8 22.9 HCO;-Na N
19 Y-ZK2d 8.56 36.0 994 267.0 3.9 2.6 6.0 0.7 246 4.0 622.0 11.2 19.3 HCO,-Na ¥
20 Y-ZK3a 8.49 37.5 1644 463.0 14.0 31.1 20.5 1.9 459.0 239.0 349.0 8.7 18.3 C1-HCO, -SO,-Na N
21 Y-ZK3b 8.48 37.5 1166 327.0 8.2 10.0 20.0 2.0 187.0 221.0 338.0 7.7 17.7 HCO; - C1-50,-Na 21l
22 Y-BO8 8.08 37.2 2220 557.0 11.1 9.0 28.1 0.8 39.7 4.0 1540.0 2.4 24.6 HCO,-Na —
23 Y-BI2 8.56 35.5 981 257.0 3.8 1.3 7.5 2.8 7.9 4.0 641.0 1.7 21.9 HCO,-Na —
24 J-BO3 8.43 35.0 338 79.1 2.9 0.91 9.8 0.72 26.6 6.2 173.0 2.09 21.6 HCO;-Na —
25 J-BO5S 8.96 36.0 333 82.4 1.4 0.58 59 0.66 17.2 4.0 198.0 2.73 18.8 HCO;-Na —
26 J-A04 8.72 44.0 475 134.0 1.7 0.4 9.3 12.0 26.2 137.0 110.0 0.2 34.2 S0, - HCO,-Na —
27 J-ZKla 8.75 44.0 479 129.0 1.8 0.5 9.6 83 24.6 132.0 129.0 1.4 27.5 S0, +HCO,-Na N-9
28 J-ZKIb 8.81 45.0 496 134.0 2.0 0.4 9.0 12.0 26.2 141.0 105.0 6.3 35.7 S0, -HCO,-Na N9 +y
29 J-ZK2a 8.65 39.0 445 105.0 2.5 0.9 9.5 0.9 19.7 73.2 172.0 8.6 30.6 HCO,-S0,-Na N-6
30 J-ZK2b 8.85 40.0 477 137.0 2.0 0.6 8.4 12.0 26.2 130.0 110.0 4.4 24.3 S0, +HCO,-Na N-9
31 J-ZK2¢ 8.73 40.5 562 154.0 3.0 0.5 9.0 19.0 32.8 166.0 110.0 3.3 49.3 S0, - HCO,-Na v
32 J-ZK3a 8.68 42.0 493 127.0 2.9 0.7 13.0 9.0 27.9 157.0 101.0 5.0 29.4 S0, -HCO;-Na N-6
33 J-ZK3b 8.71 42.0 526 144.0 2.1 0.4 10.5 19.0 29.5 157.0 101.0 3.3 45.4 S0, +HCO;-Na N-9
34 J-ZK3¢ 8.75 38.0 558 150.0 3.4 0.4 7.7 19.0 32.8 167.0 96.7 5.4 57.5 S0, - HCO;-Na ¥
35 F-ZK1 8.21 41.8 499 40.1 3.2 11.8 57.3 0.8 19.4 8.9 290.0 4.8 62.0 HCO;-Ca-Na 21l
36 F-ZK2 7.56 47.0 502 25.4 2.9 4.0 75.4 0.3 159 7.3 296.0 0.2 74.8 HCO;-Ca-Na i
37 F-ZK4 8.39 35.0 440 28.8 1.1 12.1 63.4 0.4 28.7 29.3 207.0 5.0 47.6 HCO;-Ca-Na i
38 F-ZK5 8.32 34.0 533 29.7 2.6 6.7 80.3 0.4 16.8 12.6 292.0 0.9 74.0 HCO,-Ca-Na 21l
39 F-ZK6 8.32 37.2 479 31.5 6.7 3.0 68.0 0.5 15.5 17.3 241.0 0.5 72.3 HCO;-Ca-Na gl
40 L-BO1 6.13 28.0 187 22.4 7.85 6.53 8.19 0.1 26.2 19.9 0.29 40.3 37.4 C1-S0,-Na- Mg —
41 Y-BSI0 7.30 28.0 690 62.9 23.7 16.7 94.3 0.5 105.0 134.0 219.0 10.8 21.9 HCO;-Cl-SO,-Ca-Na —
42 J-BO8 7.18 28.0 539 44.7 6.3 16.2 68.5 0.54 62.5 118.0 173.0 3.63 35.2 HCO;-S0,-Cl-Ca-Na —
43 F-BSW2 7.11 28.0 267 15.4 2.6 9.0 33.1 0.27 18.0 11.0 129.0 17.50 29.5 HCO;-Ca —
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Table 2 Geothermal reservoir temperature calculation results in the study area

ST BBk B/ °C
LA e Na-K K-Mg Na-K-Ca ) R -SSR e R S S
Je ks 56 ~98 87 ~126 155 ~307 53 ~74 234 ~349 135 ~331 98 ~134
# 24 ~40 57 ~69 115 ~ 152 62 ~72 209 ~ 260 69 ~120 84 ~96
Jupr 29 ~79 61 ~108 108 ~ 163 56 ~81 194 ~240 64 ~225 90 ~ 167
il TR 69 ~93 100 ~ 122 166 ~301 22 ~73 201 ~333 214 ~302 167 ~234

¥ :Na-KP3Y SRR T = 1390/(1.75 + 1g([Na* J/[K*]) - 273.15; K-Mgl®" /% T =4 410/{13.95 - lg([K* ]2/[Mg®* 1) | -273.15;
Na-K-Ca"®21 /8 T'=1 647/[1g([Na* J/[K*]) + Blg([Ca®* 1%3/[Na* ]) +2.24] -273.15,% T <100 °C,B =4/3, T > 100 °C Fl
lg([Ca®* 1)%%/[Na®]<0,8=1/3; AP (THEBAE) P FR T=1309/[5.19 - Ig(Si0,) ] —273.15; K (T H M%&) B 7=1 032/
[4.69 - 1g(Si0,) ] —273. 15 ; A4 PEIRAT (HL ALV ) B3 7R T=1522/[5.75 - 1g(8i0,) ] =273. 15, i [Na* ] [K* ] [Ca®* ] . [Mg®* ],

[Si0, 14350 % oL 85 I ik e

3 HIRRE|EANE
Table 3 Hydrogen and oxygen isotopes in the study area

95 0 D 95 0 D

L-ZK14 -8.45 -59.7 J-ZK2a -7.50 -51.6
L-ZK15 -7.45 -55.3 J-ZK2b -7.94  -53.0
Y-ZKla -7.72 -52.2 J-ZK2¢ -8.09 -52.8
Y-ZK1b -7.78 -53.2 J-ZK3a -7.94  -53.9
Y-ZKlc -7.74 -51.4 J-ZK3b -8.10 -53.3
Y-7ZK2a -7.84 -52.4 J-ZK3c -8.11  -52.2
Y-ZK2b -7.79 -54.7 Q-ZK1 -8.69 -61.3
Y-ZK2c -7.84 -54.1 F-ZK2 -9.10  -62.0
Y-ZK2d -7.92 -53.8 F-ZK4 -7.50 -53.0
Y-ZK3a -7.66 -53.0 F-ZK5 -9.10  -63.0
Y-ZK3b -7.87 -54.1 River -3.71  -25.8
J-A04 -7.84 -53.5 MK -6.33  -38.9
J-ZKla -7.86 -53.2 L-03 -7.57  -49.0
J-ZK1b -7.84 -52.8
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Fig. 13 Conceptual model of geothermal genesis in the study area
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