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Abstract: The Guangdong—Hong Kong—Macao Greater Bay Area (GBA) in South China has abundant
geothermal resources. However, the geochemistry of geothermal water in the area remains unclear. Hydrochemical
analysis of 27 samples shows that the inland and coastal geothermal waters are mainly of bicarbonate and chloride
types, respectively. The GBA geothermal water 6°H and 6'%0 ratios are in the range of —30%o to —48%o and
—5.2%o to —7.5%o, respectively. The 6'0 and 6°H compositions of inland water samples fall along the Local
Meteoric Water Line (LMWL), indicating its local precipitation origin. In contrast, coastal geothermal water is
enriched in heavy isotopes, with ¢'°0 values deviating from the LMWL towards those of seawater, with a strong
positive correlation between 6'°0 values and chloride concentrations, suggesting that coastal geothermal water is

recharged by a mixture of seawater and local precipitation. The combination of empirical chemical geothermometers,
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modeling of multi-mineral saturation states, anhydrite/chalcedony saturation indices, and silica-enthalpy mixing

models suggests a reservoir temperature range of 104—156 °C for the GBA geothermal systems. The contribution

of cold groundwater to the sampled inland geothermal water ranges from 52%-84% and the proportion of

seawater mixing with coastal thermal water can reach up to 37%. The circulation depths of inland and coastal

geothermal water are found to vary from 3300-4800 m and 3200-4200 m, respectively. Hydrochemical and

isotopic compositions indicate that mixing with cold groundwater/seawater and water-rock interactions are the

predominant factors regulating the geochemistry of geothermal water in the GBA, South China.

Key words: hydrogen and oxygen isotope; source of recharge; mixing process; reservoir temperature; circulation depth
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Fig.1 Tectonic map of south China showing the location of
the Guangdong-Hong Kong—Macao Greater Bay Area (GBA) (Xi et al., 2018)
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Fig. 2 Geological map of the GBA, showing the location of the sampling site (Guangzhou Marine Geological Survey, 2018)
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Fig. 3 Piper diagram of the geothermal water samples
in the GBA
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Table 1 Information of geothermal water samples in the GBA
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Wi HOKFE S 2B & Na /K (R T 20),
X N AOK HOE R K &R TR A SR
(Nicholson, 1993). Wli#/K s HCO, /CI tL#K
(3.98~32.87, -3 16.2), KU ETHENREHAOK S
W TR Z 0 kA TIR G, RIS T R BE#OK
B ) Y 3 P AR TR AR B ) K AT A T I T b AR
JKHr HCO; /CI e fE #:1£(0.01~2.35, ~F-3I{H 0.31),
TN HOK TR T BRI HOKIE IR . KA
YRS M A R G IE it 7 e S b B R 2 —,
AT A ZR g0 b 59K a1 E R E R B T80
Hiu ARG AR B W R R IR R B R . 5 U I FROK A L,
N il #OK /B Na'/Cl He (3~14.48, 1 6.80) Al
K/CI H.(0.13~1.14, {H 0.4)3 B H A] fE 32 21 4
5 7K A R (O 2 B K A R R I I A o )
F P il (Algigek et al., 2016). AN A7 ATAER K A7 A XL
fEAE T BES R L K i (Na®) . 8 (KO E |

Tt o PR HOK ) Na™/ClU B KT 1, X RER
AR RUAR AR R A A LR KR A, B 5 X PN R TR AR
B 1 R R MR A IR T X — 8 o Y i FROK R
WK B9 Ca® /Na” LA XA, S E 551k
0.3F10.5, XAl BES ML T KIS X b T #OK Rgeh g
B T A2 e ad FE (Afsin et al., 2006), PN fili AT I
POK M Ca®' /Mg AR H =, A 5 Bk
320.9#1228.8, AJfgEH THLAOK RGE R 074
BT M FE T KB A9 Mg? (Yurteri and Simsek,
2017),
5.2 HiFKAMASKIR
52,1 SERTEHE

AR [ A 28 2 T b K D 4 Sk U5 R T
TR 1 B BAR YR (TR EE T, 2009) . BIFFEIX PR i T 95 4
JKE) 680 A PHIEWLF 3. ME NS IR, ASCHET
WF 5% X P WG 7K L Tl K R KRR S Y A TR R
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Fig. 4 Relationship between chloride and major components in geothermal water
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Table 3 Hydrogen and oxygen isotopic compositions of geothermal water in the GBA

s &H 5'%0 d s &H 5'%0 d Fe s &H 6'%0 d
HR ~44.0 -6.7 -373 IS —41.0 -6.5 -345 KQ -42.0 -6.9 -35.1
zZX —44.0 -7.0 -37.0 AD —45.0 7.2 -37.8 XYL —43.0 6.8 -36.2
BPL —48.0 -1.5 —40.5 TS —42.0 -6.9 -35.1 GD —46.0 -1.3 -38.7
HL -43.0 -6.6 -36.4 DD —45.0 7.1 -37.9 HB —41.0 6.2 -34.8
LZQ —42.0 -6.8 -352 XJ —41.0 -6.7 -343 SYL —44.0 -6.9 -37.1
LX —43.0 -6.9 -36.1 YFX ~46.0 -15 -38.5 Sz -35.0 -55 -29.5
SH —43.0 -6.9 -36.1 BZ —43.0 -7.1 -35.9 MJ -30.0 -4.5 -255

NYZ -38.0 6.2 -31.8 TQ —42.0 6.8 -35.2 HQW -36.0 -5.7 -30.3
SQW —44.0 -7.0 -37.0 JK —42.0 6.8 -35.2 ZHY —34.0 5.2 288

T DK A G AR R 2R 4 AR BT SN %o; 2)IRZLAY d=0"H—6"%0,

x4 WTRKPFHERSFLHER

Table 4 Ratios of major elements in the geothermal water

K& Na*/CI” K*/Cl SO} /CI” HCO,/Cl” Ca*/Mg** Ca”/Na* KL
HR 5.44 0.31 1.88 10.98 47.44 0.041 A it
7X 6.91 0.34 2.09 14.98 185.00 0.092 N fili
BPL 7.74 0.29 2.89 17.71 950.00 0.131 P fili
HL 5.24 0.32 1.86 9.93 57.19 0.040 A it

LZQ 8.61 0.47 1.82 24.99 91.00 0.210 A it
LX 6.39 0.25 1.33 16.73 725.00 0.156 A fifi
SH 9.10 0.32 1.40 28.77 1135.00 0.214 A fifi

NYZ 3.00 0.13 1.09 456 547.50 0.096 A it

SQW 9.23 0.39 1.15 20.34 697.50 0.173 A il
IS 6.82 0.17 251 9.42 296.67 0.040 N fili
AD 6.46 0.21 2.68 11.45 8.97 0.128 P fili
TS 9.72 0.95 1.82 32.87 41.00 0.482 A it
DD 11.88 0.52 1.46 17.43 221.67 0.043 A fifi
XJ 5.68 0.69 6.97 29.05 36.35 1.316 A fifi

YFX 8.59 0.41 2.79 9.65 365.00 0.112 A il
BZ 5.58 0.22 2.49 3.98 309.17 0.054 A il
TQ 14.48 1.14 94.25 16.27 37.18 2.152 A il
JK 8.08 0.51 15.43 12.78 24.79 0.512 N fili
KQ 1.22 0.05 0.29 1.43 211.71 0.052 Wit

XYL 0.65 0.02 0.10 0.27 50.99 0.140 Wit
GD 0.78 0.02 0.05 0.47 910.00 0.083 Wit
HB 0.57 0.02 0.11 0.17 67.01 0.285 Wit

SYL 2.16 0.09 1.81 2.35 255.22 0.136 Wit
SZ 0.46 0.02 0.04 0.02 103.32 0.332 Wit
MJ 0.43 0.03 0.03 0.01 77.55 0.378 Wit

HQW 0.47 0.02 0.05 0.03 379.75 3.151 Ui

ZHY 0.52 0.02 0.14 0.06 3.83 0.212 Wit

B, WMWK EES B O°H A 60 {E 4B A
—43.2%0. —6.9%0 LA J2—41.6%0 . —6.8%o, F/KHKE Y
O H F "0 1843 %1H—53.0%0F1-7.7%0(Chen et al.,
2016), HFKFEMEY 6 H F 60 1HAr 91 M—1.7%0F
—0.2%0(Wang and Jiao, 2012),

A S W R AR ARLARER KRB X KA
MKk, MIDRIRSBEK TN 0°H=8.15"°0+11.4
(Wang and Jiao, 2012), & T Szt #k 5'%0 1 6°H
BE S S5 REX KK EZ M RR, HREX

KL . HBOK Y 6150 F 0°H $did . ) K FIFT
K LR HEK Y 000 Fi 6°H B3] 0'°0-0°H X &
BRI (& 5). ATLAE B, IR 3R AH T & 4 1 oK
F By N i AROK, 33 P R RAOK AR R
I KA REKEE FEE BN, o°H fil 60 LB
BT IR SCOCZR, BT I B HERAOK IR 22 4t KR
IKEN

AR, DGR HOK R R 6°H Al 0'°0 (T4 1
KB X RS b, AR SRR UENT
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T HROK R BE ISR B, HAR R DI 2 4k, 9'°0
I O"H (R R 25 24 b KRR LR, X Rl A8 fb i 4]
FHHB IR FiE K Z [ B DR SFIR A Aok R . X Ui
T KR T 24 b R K R K SRR R 25 . 4D,
UK "0 (HRBRER N “IEERE” , #R
T TR b PR HE R O 5 v (A T AR AE R B R A
A8 e Fll 36 1) 78 & (Truesdell and Hulston, 1980;

Chen et al., 2016; Wang et al., 2018a, b; Al¢icek et al.,
2019),

522 FRER

SR AX (d=0"H—6""0) th AT LR by Hh Rk b 45 5k
TE ) —A~ 8 Fr(Bouchaou et al., 2009) ., K72 [X P i #4
TK ) R4 —40.5%0 ~ —31.8%o(“F- 411 ~36.1%o),
5T b PR R AR LAY M —38.7%0 ~ —25.5%0(CF- 1418
—32.8%0)(# 3)o P L IR 1 SR B AR T U I HUK,
BRI G T LA R AR K R R 500 R R e, BV
T840 B /N KR T AR 1R, A R R K R TR A R
o Rt Rut, 5l KA B, P B b AOK 1)
N AT RE 2B A T DX b B i 4 A s G 1 B B
X,
523 |EMNERE CIHXZE

RV DX T 1l BAOK H G AR (CT )k B 4T oz
F(0"OVH A WA IE M SESE FR, 1 P i i B K Hh
CI A 60 (HE B A FB AR 6). K 6
TEHOK CI'E 60 &tERIAELE CLIRER 0
BHSEIR 60 AN R—6.85%0, SHFFT X FA~ T
IKEER ) 600 XM (-6.9%0) FaA — L. XIS
L B b A i Hb $4 R 8 (Tarcan and Gemici,
2003), DA+ H-H: Seferihisar i H Ry i, Hb#ok C1Io
W 60 M2 1A [l A ELZRAE CLHRIE Ry 0 B (Y

i 7J<',"’
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Fig. 5 Relationship between 6"%0 and 5’H compositions of
the geothermal water samples from the GBA
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IR IR A 10 ik - TR A S R0 1T A I TR R e 428 ML b 3
TR B AL, PRI 7E Al B8 PG T B I e T iz R
M.
5.3.1 K-FHFEARSHF

KBS iR (e K-Na , K-Mg #il K-Na-Ca
TBR) T i TR A AT R S oK h o T S A A
EIAFEADIRA, mi3ET Na/1000 .K/100 LK Mg'?
AR X A RS Na-K-Mg  — 2k [ (Giggenbach,
1988) W] X it A - A1 1P MRtR AR AT 50 . T DL
Hh, P i R T VAR b R KR S 3 R R AT A K G
AT ER A K L AR BRI, 18I BT A AUk
WARIKBDK-EPHEPRS (B 7)o 37T BEZ i A4
] Fid Bt B & AR TP B R 2R KR AR R
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53.2 ZEMBRKKZFIRR

1 BH B TR AR R B, AR SC R R R
AR IR AR EAL Pf IR B, A4 A e (TEZ8 VR R IR
Fr . A S (B RZEIRIR) IR bR Fl £ B8 IR AR (Fournier,
1977) ARNRAR BRI T RS R R 5. Mk
POKFE HR BUH B —JF, R 3000 m, 2907 m 4b
By PROK SR EE 29 Jy 128 °C o RAS A RFLIR Y
DU ESCHE, 22 JC B [n) R i J2 1) ek B b 2 8 1
128 C. SHUKFE HR 15, FHEEGR AR
TR N 147 °C, AYRPRJCFERIIR) A %k
TLBR (B K ZE IR BT B 25 F A, 4 B
170 CHI 160 C. WK, EBEIRARMTHE LG
U —IF 2907 m ALAYSZIAKHR, BFULRATIAN
TR LA SR AR IS PR AT, bR IR S A

B 22 A 4 T2 VA 2 A T i I BT ARAR Y, A
fliT 180 CrytthA RS D, FEE KRETA A
Eul A7 AR NI = N A £ P VA O i
(Arnoérsson, 1983), XWIFSE T EfERARE A, &
HE YA A A7 B P T DX A i o Ve b DX AR A 3 B2 )
h 74~148 CHl 68~128 C,

53.3 T YTEERESER

MRS, WS W Z R8RSR S
TELRE AR G B PR, DR AT S o R R 1 R
FEBU(SD R PE M AL 55 b A R S8 0 ViR,
TEARIE B KA F i B UK (Avsar et al., 2016), HiJE
B Z B0 ) ) AR S O R — R TR [ ) R
TR RIS B ZE 5 (ST=0), %I WA R AR -5
YIS RLE, ROEAGE IR o 7 0 T AN BB R
A% PHREEQC 5% i (Parkhurst and Appelo, 1999),
R A IR T BB 25~200 °C, LS AT BE A
25 C. BRIBEBU P A FTEE T Y ST % LLfs
PZERILIE 8 F1 9,

PLIS. JK. HR Fl TQ # it oy BRI R 1 P il
POK MR E N 106~176 °C (& 8); LA SYL.SZ.
MJ. HQW 5 R4 3 1V b B K (1 S i 15
90~134 C(H 9). HAFEENE, WIREET Y7 ik
A RSO B AT BOE 25~200 °C 3 BBl N 340 1E
B, XE—FHAIM S mING, 5 CO, TR
B Ko COy A Mk ifkan i R 58 B FR R0
RAEVIVE, PIRESAE— & BB b TP - il B 1Y
FIT

Hi A K PR £ R - T BE AT 6T B AR NS Rt T
FH A B b B0 2R B H s HOK B - iR R (Algicek et
al., 2016; Pastorellia et al., 1999), [EIFE, A H M E
8 14 (R R4 B0 (ST I R AE 7] — I B R 3 -3 F

RS WIKUEFRIFHABBETEER/C

Table 5 Temperature results obtained with chemical geothermometers (values in ‘C)

AFER AR

AFER AR

PRl SR e g i | PR SR i aomit
HR 93.0 170 160 147 YFX 65.9 136 132 110
X 58.1 140 135 114 BZ 42.4 138 133 111
BPL 52.9 119 117 90 TQ 58.6 129 126 102
HL 93.2 170 160 148 JK 58.9 144 138 118
LzZQ 65.8 131 127 103 KQ 86.9 147 141 121
LX 51.2 116 115 88 XYL 67.6 116 114 87
SH 57.1 129 125 101 GD 63.0 132 129 105
NYZ 61.2 104 105 74 HB 58.1 118 116 89
SQW 54.5 114 113 85 SYL 59.8 117 116 89

JS 67.1 128 125 100 SZ 83.5 147 141 121
AD 60.1 115 114 87 MJ 80.0 153 146 128
TS 78.0 125 122 97 HQW 75.4 133 129 106
DD 67.2 122 120 94 ZHY 58.5 98 99 68

XJ 60.9 116 115 88
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HYIRLIE o e HCEACRME R N i AOKFE(HL . HR
SS. JK. TQ. JS)F i HFIKEE(XYL, SZ., MJ,
HQW. SYL. ZHY)#FA 4L, 478 - F fE0 Pxf
T RN BOREAN 25 ) 1 B B2 PR IR EE VL, BRI
fii 1 BAOK (S AT IRLEE R 105~154 °C, W HE UK )
SR K 104~131 C (1 10),
534 mHE-BREEREE
W53 X 3t BOK A7 7R IR 2 TR 5 3 b 8 K Bk
ARG IS iE-RE IR SRR AT 7E— e B B B0
R VR G VR T A 3L 9 5% 1) (Nicholson,  1993)
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Fig. 12 Silica-enthalpy models for coastal geothermal water samples MJ and GD (a), SZ and KQ (b), HB and HQW (¢),

XYL (d), and SYL (e)
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Fig. 13 Comparison of reservoir temperature for inland (a) and coastal geothermal water (b) in the GBA
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EHLR RIS

54 EIRERE

KV XA R KR RS FERKB AT, &5k
DRIGATE R R 0 R A 5 S ma, Bl
53R MRV K B AR A TR B o MRS b P
FEIT A A5 R, b IR B E R 0R B T R A K
D=Dy+(T—T,)/G KAl . X D AIEIRIREE, Dy
EIZ B, B 15 m(Qiu et al., 2018), T, Jy#ufiE
TEE, To MR ZEEE, i AUIBCA B 58 X9 471
S 21.8 C(Pei et al., 2018), G K VA X 1 b 5 A6
&, B 28.4 ‘C/km(Hu et al., 2001), J1EZERE 2R
(F6), KU DX PN ili 0 9 v b FAOK B 0 28R B Ry
3367~4758 m il 3173~4247 m,
5.5 E&LLHl

o R OK MR AR R AKX
X =(H—H,)/(H-H;)x100(Guo et al., 2017)iT%&.. K+
X ACERLB KR A B, Hy Jy BOKARE b S 5

* 6 MM EMRKNBEINRE
Table 6 Circulation depths of inland and coastal
geothermal water

UEERVNES

peanms wawe B gm0
/'C /m
HR 147 165 156.0 4740
JS 100 146 123.0 3578
TQ 102 154 128.0 3754
JK 118 167 142.5 4265
TS 97 137 117.0 3367
HL 148 165 156.5 4758
7ZX 114 167 140.5 4195
YFX 110 154 132.0 3895
KQ 121 148 134.5 3983
XYL 87 136 111.5 3173
GD 105 156 130.5 3842
HB 89 146 117.5 3385
SYL 89 137 113.0 3226
SZ 121 148 134.5 3983
MJ 128 156 142.0 4247
HQW 106 146 126.0 3684

&7 MoK GIEKE M TS KEE & EE
Table 7 Mixing ratios of seawater and cold water with the
coastal and inland geothermal water

FE b 5 B 7K/ % FE i 5 5 7K/%
HR 52 KQ 1
HL 52 XYL 2
JK 77 GD 1
ZX 78 HB 4

YFX 70 SYL 1
TQ 75 Sz 27
TS 53 MI 37
18 65 HQW 22

BGY 84 ZHY 18

SRR KA, Hy R HUATRAR A0 R 4 (L (RE X TR A
BERUAE R I i RAG M), H LR K & 0K IR
24.1 C, XRIAYKEIE N 660 kI/kg), THALER BN
(£ 7), KI5 X N R HLHOK % KR G H 6l
52%~84%,

TV Hh B K o K TR RT DL R R 25 AT
AR ST RS T i 7T (Wang and Jiao, 2012)
X=(C—CHI(C—C)x100, H, X AR FRIEK IR A L
i, C RFVF UK B CURIHREE, C M C 43t
TV K fb RS KR CUW B (C=18 132.7 mg/L,
C=6.2 mg/L), Z5HFI(FK 7), WHiFHLHOK K
IR A B 1%~37%. 5 530 5 26 10 HOK ke
(SZ .MJ . HQW . ZHY)H g KR A LB A X A,
18%~37%, It 15 1 it £ Bk 35 1) 15 ¥ FAOK #E(SYL
KQ. XYL, GD. HB)H /K i sk WA XF 52AIK,
1%~4%, X% BAETERL, hHUKZBKIES
(R M R

6

(1) 7 IR KT X PN ol b B K A 7K Al 2 4ol B
TRIRER 7Y, Wi b PO N =2 R SR TR, RIBIX
P i s B K 32 B VR T 2 M KRR RN, VTR
ORI T 24 1R SRR T AR 5 #M 4 -

(2) 7 TR T X Ml 34 R 6 i mT R 1 B A T
T FEE 104~156 °C o PBE AT W B K 196 26 AT 35
4800 m F1 4200 m. PN fli HEFROK H A HE TR ¥ K TR
i DL RCH i b 3ROK AR K B BEER 2500 TT 3K 84%
37%.

(3) RV X ML T Bk By M ER b 2247 R A2 K
SR A T ¥ K A KR AV FE G R

Bf: RS AHRIRFREZREFH TR F
30 BB ST A AR DTS Ao AT K LB AR AL 4
FoyERMERAE N, B FRE R ik T
A REZFHBEE L.
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