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Abstract: Coastal geothermal systems are prone to seawater intrusion, which can increase the
salinity of geothermal water, reduce 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
analysis 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 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 elevated high salinity characteristics.

Keywords: Medium-Low Temperature Geothermal Water; Hydrogeochemistry; Seawater Intrusion;

High Salinity
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B 2 AR AAREE R 7.9 % (Zhu et al., 2015). Horp, S AR GRAEIRE =150°0)
HA R EHEWCR S, AR FMME A% 5 (Zhang etal., 2019). i HFRIEHAEIE CGAAEIE
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M =EA (Luo etal, 2022). SR, LIRS 5 52 B K R IR0, 675 HhHOK 3k T
Hio R R BOK A RCR, SEORAA LR RN R S i B, 5 BRI AR,
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Hh X AR, A BRI R R SR K I BRI A, R R OK. T AIX 2R
SN R, B G R SR, A5 ESURAE 21~23°C, TP & — R 7E 1800~2500 mm.

MRXHZERE, =KEXKFE, AudHIENLSHEEANRBRENHE, AT
RN, Jorb H EE AR DAV E R RS (D) MDA iR E BN (Q) ' Kb,
FABERAT . WD TORG LA o XA SR ANTESN BN R A, # R, 2 B 2R .
WEPE-ENSARE L ), AR BN B A RERKS . S RKAEMNKASE, BEIX K
fif Bl L BN B (nyds®) B SR KGR A (TE0, 2018). AR, AEREAN
WA PIERIGE R S E R, X TR T 2 AR AR S, AR RS
THCER BCE. Fa IR R K%,

BT X TE R I B Ab T8 b, R R SRR B MaLEs e, i
SRAE FEA A0 P, A BE VR M T IS T R AT I A IS 3R (Wang et al.,2022).
I, I RN RIAE i 72 A 3~10 pW/m®, 9 HERg Z ity S T v i 4B ( Zhou et all.,
2020; Lietal,2021). Lz, KPR RO R 2 [ AS W Ao mli e, - 9 20
VR BNIE A T A2 Wi, 41 NE 1A ) B 57 F W28 52 )11 -DY 22 i 28417 45 (Wang et al., 2013;
Kuang et al., 2021), #ff 75X BRI AL T-3X Py K&y 2 (8] (Bl 1) YIFIBR IR R W 2T se i
BRI B YR, TR DX, IR A S R A R, R XK
M BGFE - T R H R HU G S 18 74.0 mW/m> G, 2018), & T4 [E - F- M 63.0 mW/m®
(E—%%, 2024), BFFEIX A4 XK AR BE 2575 T 80.0 mW/m®. R KHb AR 54
A B A LRI R T T X K B SRUE, 1) 22 SR B IR O s AR K W 2Rty 1) s 52
T BN D AR S R B R AL 1A R R i E MR EE (Feng, 2023 Li et al., 2024; AEJRSE,

2024).
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Fig.1 Simplified geological map of the study area: (a) Enping-Xinfeng fault zone; (b) Wuchuan-Sihui fault zone; (c)

Luoding-Yuecheng fault zone; (d) Sanzhou-Xiqgiaoshan large fault
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Fig.2 Geographical location of the study area and sampling site
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Table 1 Hydrochemistry and isotopic composition of samples in the study area

FEmgR'S  REE(CC) pH TDS Na* K Ca* Mg** Cr SO~ HCO5 Si0, Br F 3D%o 3"%0%  “CPMC  8"C%o
W-01 76.5 7.12 8490  2028.12  118.68  1033.70  21.92  5356.72  190.11 65.41 51.34 16.93 0.30 -39.4 5.9 - -
W-02 78.1 8.1 1208 402.70 29.93 78.61 0.16 596.73 68.59 71.62 46.58 2.06 7.23 -44.6 6.9 - -
W-03 76.3 9.48 167.1 84.93 14.84 3.07 0.01 39.65 27.77 77.24 48.38 17.30 13.26 -45.5 1.3 - -
W-04 70 7.22 10380  2932.08  87.31 1596.91 3748 655037  429.79 47.14 30.66 31.88 - 321 -5 - -
W-05 94.4 7.76 2330 882.52 62.82 170.12 0.45 1377.68  102.16 58.06 61.97 17.89 3.92 422 6.8 - -
W-06 94.4 7.89 2560 797.05 68.23 153.96 0.49 138247  102.49 57.42 65.47 0.00 1.25 -38.1 6.1 - -
W-07 80 9.24 201.1 98.10 14.82 3.12 0.03 27.50 4723 109.64 41.59 0.00 14.17 -41.8 6.6 - -
W-08 70 9.31 130 72.93 14.32 0.52 0.01 26.28 22.73 87.08 36.54 18.31 8.83 -44.8 7.4 - -
W-09 66.5 8.07 730 307.14 25.85 8.29 021 232.84 80.23 324.04 58.70 0.80 12.04 -40.9 6.8 - -
W-10 71.5 7.83 732 276.51 22.66 35.14 1.13 334.28 52.48 105.57 31.51 121 7.47 -42.8 7.1 - -
W-11 83 7.4 5800 202544  109.72  812.30 1250  4018.83  209.94 58.50 37.50 12.06 0.72 -36.6 -6 - -
W-12 83 7.43 1680 526.93 2825 204.89 1.20 846.74 97.05 97.94 32.63 3.91 0.87 -40.1 6.5 - -
Z-01%* 92.7 7.19 4136 44.19 5.45 16.14 0.06 1576.82  112.09 44.76 - 6.26 2.05 -43 6.4 23.84 -10.17
Z-02%* 97.5 7.02 4056 4234 5.8 15.36 0.05 158520  112.82 44.76 138.49 6.52 2.84 -43 55 18.97 9.82
Z-03* 72 8.01 555.52 83.96 6.72 6.72 0.04 152.05 37.86 132.00 12.55 0.53 11.67 -46.5 -7.24 13.25 9.18
W-13% 'y} 9.16 163.584  27.43 1.39 2.30 0.02 10.59 8.64 44.76 63.68 0.00 9.48 -46.4 -7.18 15.43 -13.87
W-14% 63.7 8.64 157.76 24.45 1.63 2.56 0.00 757 7.35 40.17 88.82 0.00 7.81 -40 -5.62 7.83 -15.94
W-15% 50.5 6.78 1283.84  12.18 6.39 414.47 54.42 42,08 128713 122.81 37.23 0.00 3.43 -36 -5.59 12.89 -5.39
W-16* 54.5 8.82 316.16 50.87 3.45 2.02 0.02 21.33 35.34 103.30 74.51 0.00 19.63 -48.7 -7.34 14.19 -5.08
W-17% 55.4 8.74 327.68 51.33 3.63 2.36 0.04 23.34 41.94 102.15 91.42 0.00 20.20 -47.9 -7.27 4.46 -5.57
W-18% 485 8.5 336 53.34 3.06 3.09 0.12 10.14 67.09 149.21 57.17 0.00 11.34 -36.4 -5.62 222 -1.72
W-19% 63.2 8.63 270.08 4253 2.54 2.35 0.00 9.81 31.86 97.56 78.85 0.00 16.01 -44.5 -6.97 7.39 -10.72
W-20% 45 7.05 169.664  23.05 2.51 9.88 0.53 8.58 11.64 110.19 57.17 0.00 9.27 -39.9 -6.49 5.69 -6.78
Z-04* 77 6.85 10712 81.40 5.98 11275 0.71 5051.16  256.42 30.99 83.18 27.19 0.00 -43 -6 6.56 -14.87




Bk 1 WA Sk A K R 2R 2K

Femsns  RECC) pH TDS Na* K" Ca* Mg Cr SO.* HCOy SiO, Br F 3D%o 3"%0%  CPMC  §“C%o
W-21% 53.5 8.88 593.92 76.40 3.80 15.41 0.01 253.98 2275 30.99 53.71 1.28 6.40 -45.6 6.4 6.25 9.56
W-22% 60 8.06 269.44 39.58 2.98 6.62 0.14 17.98 24.12 136.59 71.48 0.00 13.60 -40.9 -7.29 45.38 -9.48
Z-05* 80 6.61 11800 110.77 12.51 77.32 0.91 540629  217.85 66.57 119.16 26.84 0.23 -38 5.4 3.53 -10.02
W-23% 79.5 6.64 8904 595.20 42.64 289.80 464  4179.05  189.66 54.56 91.48 22.41 0.64 -39 5.1 34.09 -
Z-06** 54.5 8.61 259 48.44 2.06 8.37 0.01 5.25 6.02 106.80 64.32 0.00 0.13 -44 7 - -
W-24%* 67.1 8.94 379 88.30 2.19 3.56 0.01 12.95 32.50 122.00 84.62 0.00 13.08 -44.1 6.5 - -
Z-07** 67.2 9.04 542 62.35 2.73 2.66 0.01 5.25 7.68 91.53 75.72 0.00 8.37 452 7.1 - -
W-25%* 86.9 8 1077 284.20 12.56 14.82 0.07 232.80 67.36 33250  118.23 0.00 11.19 422 6.9 3.51 6.4
Z-08** 67.6 7.65 934 262.80 7.64 36.71 0.72 402.70 38.28 109.80 66.38 0.00 72 -42.9 6.8 12.58 -10.0
Z-09%* 63 8.58 520 132.00 3.99 10.92 0.01 169.79 8.83 79.50 91.38 0.00 14.81 -46 13 - -
W-26%* 83.5 7.54 8460  2248.00  117.90  747.00 7.23 4937.00  184.30 78.10 117.92 0.00 2.04 -35.3 55 - -

B Y 0.20 0.10 1.37 1.69 1.40 2.06 2.72 1.54 1.81 0.67 0.42 1.56 0.76 - - - -

H R Ak 26.3 6.1 197.0 25.92 19.35 28.01 6.61 35.12 16.58 51.65 13.98 - - -38.6 6.1 32.68 -17.82
K 26.0 7.85 23899.8 662431 27857  281.14 72553 1424591 1667.78  121.01 16.03 51.06 - 7.9 -1.4 - -

*H% Yuan et al (2022); **¥§ Wei etal (2021,2024); Bf7: mg/L (% pH)
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3.1 KUEEFRE

M HOKFE KRR G S5 R IR 1. KNHUKIRE 42.00~97.50 °C, “FI{H N
70.53 °C, J&F P RIRHAEIE, A5 R UK RO B 23 7 AR U . pH A
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Fig.3 Piper diagram of geothermal water sample in the study area
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§"°0 I 3D 5 T (Wi %, 2024), H F HOK 55 A0 & K RN 232 1 S 43 7 8D-8°0
KEE LA,

R 7K 3 BN SRR SIS, R DA R AR ORGSR R K PN DX R
B s, 2024). [AIAL R BORIAHEIE T D gz /N §'°0, 4% 8D HHAT
HER R RS R E AT S (R D B4 (b) RIS X HEIRTEREILE 590~1400 m, “F-Ejig
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A HOAMAXIER SR, ms h R SONIER S, m: 0D, b KK AL
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Fig.5 Distribution map of geothermal water age and transgression time in the study area, Sea level change curve

according to Zhang et al (1990)
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Fig.6 Elevation of geothermal water recharge area: (a) Na'/CI'~CI; (b) Br/CI~CI
4.1.2 RELLH
e B B K NARZ S )W /K S5 ROKIR G AR E, A FORIE AR T IR 7K AE A AN
MG, VSR ROKAE S K R A LB (F). Clh FK R RSP R BT, 5 HL TR KR

BIKA A S ML AR /N (Wang et al., 2021; Jiang et al., 2022), /K N12 45 B e A
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RUFIRFEAE TS, R CIE MRS LI TSR bR . KIfT CIIRIE N 14256.9 mg/L,
WRIK I TC I BB IO TDS (336 mg/L) ) HCO;3-SO4-Na /K W-18 CIRE . HitH A
N OBHKEREE, 2012) 4R

f = (Cc- — Dei-)/(Sci- — Der-) x 100% (2)
A AL CUNHHEARPR K 5 OK IR S LBl Co R HOKEE CIIIKE, mg/L:
Do/ WK TC CUIIREE, 10.14 mg/L; Sey it 7t CIHIREE . HFFEIXNILE 18 MliHuK
FERIR A LRI 1%, 9 A RUAZ TR & ELBIA R 10% AL, SR BN FHPEE W-04 [ 41.88%.
W T4 AT 2250 DUr 07 5 B A (B 1 31 7, VA LU A9 (1 43 A 5 1L 5 1 2 25 5 ) S 67 A
KKFR, (EMREMAIRA IR, MACBHRE, ERAXTERM. HEE. &L RHM
75 7 0 DX J DU AN T A AR o K 5.01~10.00%6 43 [X (1) 1= FEER 1 A FEIX (42 2k, 4R T2k
AL s LRI ARG (19 /SR, FRERBLR stk o NI (16 A D, LAETIE 825y
BT o

N
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Fig.7 Distribution map of geothermal water-seawater mixing ratio in the study area
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4.2 IRICHERULF IR

IKSCHUERAL AR AL (HFE-D)  (Giménez-Forcada, 2014) 3@ 3t B BH &5 ¥ & 4 Le 43 A5
KA BN & 7K Z K NAZ AR K IRACBT B, Foar 4 Mz 5, 23/ - Na-ClLEEZKAH (4)
Ca-HCOy/SO4 ¥k /KHH (13) | Ca-Cl # (16) F1 Na-HCOs/SO44H (1) BANEIAKAH. HEE 8,
HEPOKFER ARG TRFIR AR (CML) BT AL, UiNRGIERECNE A, BdEsc &
I (IR A A 2 o I AL KR 2 B A R KM, R KN B HIR R B I, Bheak
ARERAKIRE (1), SUEHOKE RN, SR RAE RS FEHRER (1D, &
IKIEAFAHEE Na®y Bttt Ca™, sl (3) B, b #ok pHES L Ca® R, (H75
KM Ca-HCOs HiEAL A Ca-Cl M (A Z-04) o BEE KN PIARRHEAT, HiftokK Rk
RAEH#—BRE (D, B&HEMAN Na-CL# (16-12-8-4) . IfifF4LF W-03 Fil Z-09 #h355>
fi T CML FJ5, RIEAT R B, it X oK A5 7E 52 B KON AR (52 0

2Na'+Ca-X,—2Na-X+Ca** (3)
Ca*'+2Na-X—Ca-X,+2Na" (4)

P9 i 2 7K B 32 243 A 7E Na-HCO5/SO4 AH, T 2 W-09+ W-25. Z-03 17 T /KAH A Na-MixCl
MRS T BT o 43K AL FE oK, CUE & R R, ISR IER B T8 fER (1Y ,
FKIZN B3R Ca™, BN, tn sl Fi7R, Hi UK M Na-ClAR [A] Na-HCO; HIi# 48 (4-3-2-1),
W-09. W-25. Z-03 IEAbFix—wfhigfE b (1Y) o WEE4LER Z-08 #M4454iF CML 177,
HZBOKFEIEES CML oz, 9 Py REAL IR AL - A R .

& il
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Fig.8 HFE-D diagram of geothermal water in the study area

4.3 KEREER
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YAIHREL (SD AT LAt tH /K VA VRS FR RN D UTE R M0 RE 70, HETTT 48 7R Hh B oK BT R AR (K
T ERE IS AR (Nath et al,, 2008). SI=0 B}, # ¥4bF-FHERIRE; S0 I, #¥abFidil
AURZS, BTylE; SI<o i, # ¥ TIEMALIRE, BT %M. FIAH PHREEQC THEFLIX
PRI AAOKFER ST, 45 R 9. &fk b, WX HOK A E (CaSO,) 1) SI<0, K
TR ER BRI WAL T RUALIRES « K07 /KA SO (CaCOs) FIJT A1 (CaCOsy) 1 SIFE-0.5~0.5
YO A E, Uk B ES R T AR I HOK R TP EDIRES, M RAEDUE: A
(CaMg(COs),) 1 SI<0, Ut BBRIRES BN VI RIS BPHPIRAS, DIRegkabinfi; REHoK
FEHE{ A7 (CaF,) B SI7E-0.5~0 YU il e sly, RUREE BPF AR : & # (NaCD A1 5 (KCD
(¥) STEEAH N5, YA Vi KRB BMA, Res ke A 0o EBEN ST E 12k
T-0.5~0.5 ), FILEMPOK P EEAL B PHDRE . AREHBRIRER S0 5 %5 8 ok,
HARW VAR G A B R TP ERIRAS, X FTREZ HI T CaSO4 G RV R KT H
fh#h, HEKPEAEENEE.

Gibbs [ (Gibbs, 1970) AIFRAEH FKHBHE FL yNa*/ y(Na" +Ca® ) FIB & 7Lt yCI /y(CI
+HCO,)5 TDS (K FR, K RIRKAIKAG ZRHE (1) = BRI R R R o A RIRAETE R . K
TR BEKAERT . 7EE 10 () 1, ZHUKFER) Na®/ (Na™+Ca® ) HUAB /X A 7E =4 F T X2 4h,
U T X M HAOK I 88 4R 2 B 2 AN R IR A 52, MR 10 (b) H, PIRkZH/KFESE
TIKEERX A, R H KA FRAE 3 22 B7KCE A AR B2 m, il 2H KR 5 18 a 1]
FESEIT KR 7, Fam KR & 1 .

R K Ca®' (HCO;+SO M AR AT 1, T35 B ML T 7K 52 B3R 38 i 7K - 37 ) R i
(Vengosh and Rosenthal, 1994) , 77 [X HiH K EE T 80%KIKE i ) Ca® /(HCO5+SO4 )ME /)8
F 1, HMOZHE SR I AT et . 1A ST E AN Gibbs BT LA H P Bt 2 1) oK R 7K
A EAE R TG, FEHERR AR /K M AR S, 2 B i P i DX 3 ROK R 20
o FERPEA AR E M AR, S X oK (45 28 ZERIR I A KN
T 15IQRAIFEN

fr R
i

it gele o
b T

047

g
] e

B R e o B R S
e < & B g0 & 45

9 Hu#toK ST FaLk K

Fig.9 SI box diagram of geothermal water
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Fig.10 Gibbs diagram of geothermal water: (a) cations; (b) anions

4.4 RAERE

4.4.1 MPRETT

PAEIRE VP A TR AR S, B A PURAREHT IR, Wb SR T, Sio,
R T o M RGIE AR 10 B AT AR KA TS A B P EDIRES . R Na-K-Mg =M I
(Giggenbach, 1988) HEATHIWT. H5AERT AT X A RAEMIKEER Na's KR Mg HOMR L2
Na-K-Mg =M Ed, B 11 F£W, ZHEKEL TS FEKXE, AR SAH W-14, W-19 7K
FEAL T 58 4 P X Ao Rt 2H — SR AR DG PR 1 Na-K ELIlL B B e /s Vi I FETE 190 °Cidt,
R TTIX K 2 B0 K IR A1 BRI, A K TR & S i BOR AR RE, P HRIRS A1
HPORAE R AV AR, & B BB e R AL FEP A, H Na-K B IFAS 2 B0 12 1
TR HBIELI (Giggenbach, 1988), 3R A 1FE I M 2% K AT FH 2 8L/ (Nitschke et al., 2018)
HIEHCR ARG R, B Ca® &S R Na-K RETHITH SR (S, 2024
AXEETHEE, 2024), 1T Na-K-Ca HHR B2 T 7] DUR 44t 50 X — 7] /@ (Fournier & Truesdell, 1973
BEAh, Si0, & 5HEIRZ VI, HAE T X AL S b oA S KR O AL B F RS .
Rk, AWFFE Na-K 5. Na-K-Ca I 1A Si0, i3 HHEAT B kiR 157

FHES TR EETEAN SiO, MR BETHIFSEAE SR WAL 2, it 4LR0 P B 2HL IR BE T4 SR Bk X T
Na-K i EETh, T =M BRI 2 H0hPOR R RIS 58 4P, BIGZIR B THS RO AE H
(FH%,2023; TIAESE, 2024); 141 Na-K-Ca JFE T A 118~242°C, P43 A 160°C,
P R 43R P T ] 124~218°C, “FXIRE N 161°C, IR 5 il 2 AR s < IR T i
Tk (Lietal, 20200, Z45FAHET Na-K i FEETHE NG A 98 FETHE TC AR R AR 78
VAR REAT R PR EISTE 110 °Cidy, ERER YL 85 °CAiti, (AZAKFEM EEEIEE
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THEE FAR T RFRIR L, R W] B T IR AN G M - Na-K-Ca i B AR S it Sl R 2= 5
BoR, WRERZFNRGERKEN, SRMUAG - ESH R, G R E&H M k.

Na/1000

o it

o Pk

K/100 “Mg'?
B 11 oK Na-K-Mg =

Fig.11 Na-K-Mg triangle diagram of geothermal water
F2 2 oK IR

Table 2 Geothermal water thermal storage temperature

I i P fili
D D
T, T, T, T, Ts Te T, T, T, T, Ts Te

W-01 158 161 106 103 78 73 W-07 259 212 97 93 69 63

Ww-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

Ww-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

W-21 144 135 107 105 80 76 W-17 171 159 131 132 104 105

Ww-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 Ww-22 219 157 120 119 93 91
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B3¢ 2 MK IR

ID 1D

Z-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
Z-09 107 124 106 103 78 73 Z-03 94 118 55 47 27 14
Z-06 134 140 115 114 88 85
Z-07 135 150 122 122 95 94
Z-08 105 124 116 116 &9 87

BME 177 161 116 115 89 87 M 189 160 111 110 84 81
Ty: Na-K, 7=933/[lg(Na/K)+0.993] -273.15 (Arnorsson, 1983)
T,: Na-K-Ca, T=1647 /[Ig(Na/K) + (1/3)(Ig(Ca"? /Na) + 2.06) + 2.47] — 273.15 (Fournier and Truesdell, 1973)
Ty: A9 (RKZRIRIRR), T=[1522/(5.73 —1gSi0,)] — 273.15 (Fournier, 1977)
Ty A9 CEZEHRE), T=[1309/(5.19 —1gSi0,)] — 273.15 (Fournier, 1977)
Ts: EfE RKZRRIL), T=[1264/(5.31 —1gSi0,)] —273.15 (Arnorsson, 1983)
Te: EfE (LR ME), T=[1032/(4.69 —1gSi0,)] — 273.15 (Fournier, 1977)

442 FEIGHREAY

LS B R A8 TF AR S T IS RI A6 TR T, O HIE A T W 7KIR N 1 2 K ORE
(Truesdell and Fournier, 1977). MR DLRARKEEME R ALSR, WAk SiO, & & N Ahs,
K LM KA R OK R I A T, AN SRR E RO — R HAITF M, X EH S A
TRV RS T — 50, B AU AE T LR FE R AR A 2 TR I AR T . B2k 2 1
RUR RS I TR BLRARRE, 1A RUE X B TATER, TATER SR SRR AR IR R I3 IR
JE BRIV R R A fp R TR A R K B R P

i 20 F 152 2 W S5 O /R TR N RO IR , A /Kt TR AN T W /K B8 « AR A2 B8 (& 12),
FIRG A REZTIR, IniEEH ARy 212°CHT 115°C, AR HV#IREE Y 226°CHI
126°C; #HRE IR AEZK, IniEEH R 151°CH 110°C, A R4 IR Z Y 157°C
FI115°Ce AL 2 4 HEIMIRE 5 A JERE TSR, WE%K 1. 3 BRAERBRMN
S Na-K-Ca i EiT0L
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Fig.12 Silicon-enthalpy model of geothermal water: (a) coastal; (b) inland

4.43 20V E

LW YFTi% (Reed and Spycher, 1984) #4280 WIFE R — IR & TP, 1ZIR
JE R RAEILE o SERERHC A BRI P4, 8T FixAl (215, BL 20C P K,
f#iF§ PHREEQC F2F7 1 5AE 20~200°C IRl B2 Bl P9 38 23 b ROKFE (M AN Fa 4, IR4hiR
ESWAEEIIRRE (B 13), fan AR EVEETE 75~133°C2m, [FfE5A 080 E T
(RIS SR .

3 R R IR B T ONE R BRI A R ARG — 2 M E A, FHik, VOB X AR

AT 90~126°C.
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Fig.13 Relationship between SI and T of some geothermal water

B B Tk~ 43T TP T AB AL CBRER 4%, 19900 TVl T8 5 v, TEBFFEIX Py K40 b
BT RN 3, HC YT T v B AR T I AP T, AR CSR R T, HOfE K TE # oK
TR RR A R G (AT REPERS /s 78 15000 4E /047, dil-FETM KRR T, A
Wri Bt N £E 6000 SE 7547, T ARGk, B EET I 5~10 m, BHEFRER T
FMHLIX (Z-01. Z2-02) (& 14D, ImE2H 2 A KAE i lie /K78 o6 sAL TRt 52 5y, 7K RE
UEAR N H R R K 5 7K 2 B N S A RN BT 2Rty s A7 R R e TR 78 X M AR AE A 2207
JIRIRE) N IR IEIEIE E T, (A B KR A ROK T o [FI, FAIRENE R 51K B,
H PR RO RFEEARIE LR A “ RN, 7 /K75 1) AR IZ By, AT I s e — e 7k
FHR N CIE 14D A DN T — A R G T RETEAN B3, (H] AR AR BA i KGR,
AT KRR B R, BRSSO, AR GRS P (20170 FEXS B
RPRF 7 r e BOE AR IS B AE ] T X — MBI AT RE L, X RS MR 0 R i BT v
B HUB R it 4 b DX A s oK R MK VR N (KSR R o Bl VTR B R E L 41T
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T BT sty /KA R IR, AF 8 B i 5 M oK 32 B K AR O FE MRS, I 2 Bk B R
IR, SEERAL, AT R sh R AR R, ARG, iR RN A
IR BRKIEHE, IR A AR o T X (0 AR U KRR 8232 2R KR GO RE I, T2
S T IOK

Zr b, LS BT X M AOK R A AR (I 14D BESFT i~ 20ty 3], =
Tl K- R o L bkt DR N B BN IRAL . SEZ) 90~126°C A = 1A, i Wi
FlE AEAWTHE, R HOK; SRR W SR N R &t Rz g e d, 5
S b S S R K KR A, TR R B, BRI ER TR, TR R B IAOK .

WEFL-AH 0 , A _ﬁag(i:

il HM
(CI'HCO3) (Cn

=130°C

3~10pW/m?
U AAE R

B 14 87 i 5 R M KT s AR T, SRR 2R BE SR IE TV (2018)

Fig 14 Formation and evolution model of high-salinity geothermal water in western Guangdong, isothermal data

according to Wang (2018)

6 &5t

AL B T 8 G I PG S A R R G K K A R B R AL R 2k
o KA SRR 5 R TEAT 00T, IR AR AR, T et ) B 2 A 4B oK 2
SRR T RN, AR T 52 X T 73 S 2 LA AT K R 390, 7. 7 9 X
IR B TR B

(1) BRI SRR E T AR, LT ShRERCR R A, ORI RRE R, M
PO BRI . IO L2287 i T BRI S A5 A5 N AL, CTL TDS Mg A7 DL
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Na'/CI's Br/CI'# ¥ HUAEAE MR 78 X K 2 B KIR A R5E I, B R A LUk 3] 41.88%,
P Bt 2L M R KA 22 2 0 BRI T KA VR, IR At PR AL 2 41 43 3 SRR T 7K 1 R AN
K

(2) M FAK I 3= BEER IS S i R - A S 3 2= O LB -% B 1L ikt X PR R UK, 4
WK AR, KA X R RGBT — & k.

(3) MRIEA GG BE-RAL . 2P A A S T DX ROK A R i Dy
90~126°C, Y- KT #ivfi o

(4) WFFCIX M HOK T B AR KA BRI B R, IS, 78
EItie# R, ZBE KRN, FEERGHRIRS) NN K R R, T

AT FFEE S BRI, B ZS I B H K
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