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1 MR s SRS
1.1 HRES

R Tl 4 F b S i 25 55, )R
e AL g R R R OB G IR LUK,
X2 2 Wk 2 3, AL KRl Zemli
Pk MRl |3 s 35 (SRR AE,2021) . R
TR A 07 B B X ek LA A s s L AR IR

FEBCARE , AR R Dy, KN RE S )2
KRR EEHR FERRHZ, b A FACH A A
JE R ERAD S T R Ml 2 A0 A AR TR P R R L
(ARG o DXCPN 2 R L AR S0 R L e 300 4 i
(Kl 1; Wang Luyao et al. , 2023) ,

WF5E XA AY & S Ry 2 RS e, U 2R3 B
SAEIRAN AR L 17°C , B Fe il 4R34
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DXCH T /R A 2 20 26 DU RANHICE ALK AR s
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Fig. 1 Geographical location map of Wugong Mountains area and the sampling sites
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REA TR RIR MBI N KT, R 4L T F)
FAF Rl B S R ERNHER Z& R,
FEURGVURE 2, AR TR R R T H)Z T,
K AR b T I Ay Uiy 2447 o A b R BT U B b o A
T W LB R T 4 B W ST S YA 45 B 3 Ry X
BEPEACAR 1M RO W 54 (9K 2 #555,2023) . XINTE
WA L AR,
1.2 #H@ERESUR

ABFFET 2022 4 7 H AE sy L vy b X 2SR
SEIKHE 22 4, AL FE HFOKFE A 11 4 i RKAE S 6
H HbROKHFESL 5 A, AKEER AR 1 R ™A A0
K IR I AR KRG B U b AROK R i 28 O U
THU AT A R T 1 P B A R KO 7K Ak 22 4
BRI | 23 A 285 SR 04 52 ), 76 7K FE SR 2 Tl K 30
min , AR 3E BT BURE i 1 pH (RS SR bRfa g, R
EREAL 500 mL A TBT L BH 00K, SR AR FE A 30
mL T2 & FN K (3D-H,0 1 8 0-H,0) iill
K, A PRUEAKRE i 45 B TR , TE K HERAE BT R 4T
FUAL B . BH B 1 S AR R AR 5 5 BIVRR A AL 3L 1 9 24
TR SRR R FE N T T R AL B A A il
FHTCH IR CARR A | 78R ST FH AR SR A it 1 5k B
FEIR =30, SR 7K A B 75 006 BURE L LA SRR AS Hy 21
S SRR S B 0 5 B ORI 3kt B KR 5 R
Ak

IRFEINR ST HT TAE S R BRI 2 Py S8 =
DU 35 4« 37 0 300 A 45 H HAOK IR pH {EL
FES A B AR (TDS) |, it T HALHG . RS 254X
AERAT BRN B AE 7R A = A5 i SX-620 RIS pH
31(£0.01; +0.1°C) FI SX-650 #1255 M1, 5 %/ TDS
TH(£1.0%FS) . L5 %M A5 H A 38 & A R %
UK A0 07, SR R & (8D . 8"%0) Il 5 T AR 7E
Hh R} 2 e M R AR 2 5 IR 5 i 2 A, I MAT-

253 [Alo 2 5 B AN 2 5 K Ak 2% 4 43 il e TAE
FEHHRBHE (L) A B2 A 58 8%, W TAR A%
FEHR KR 65 Fhot 2 AT A2 i BRI A 55 B TR I
T ) R 7 S 6 4 e A PR ) )
RIFRE,

SARIE S 56 2 A S P AR A
AT BH B TP 2
CBE~ | X7 - C(HET)-XZ - C(I&ET) |

X7 C(HEF)+XZ - C(HET)
x100% (1)

Horr CBE by v foy - i 152 22, B 76 V8 Ak 27 3 i
FA 45 gy R LA T A LA L HL A 118 IR 55 O i
BAA B FL A 8 LR B ) 254 5 € (BTBS ) Ml C(PHES
T 4 B B S T B R Z T
o B HL AT AT 1R 25 7E + 109 70 B P9, DU) S 36 28 3 3t
SER T A LA TR 25 KT £10% , ) 5256 2 0
AR AE AL, SRR AT b A A
ap AR 22 B E £ 10% 0 B P, 5250 % AR 145 &
TR, Al I AR AL 22 A0 HT

2 4k

2.1 IKILZEHHE

PRI 1 S S 5 % A A 4 R WLER 1 AR 2 i
o WFFE X H 2R K AL T K L HCO, —Ca’ R Al
HCO,—Na" 04 3, 0 42 /K Ik BE A5 A3 BBl 12. 0~
23.5C, FHEA 18. 7°C , pH AL G N 7. 14 ~
8.28, F¥MH N 7. 48, S EG B IE R, TDS (L fif
[El 44 ) A8 AL K 16 ~ 46 mg/L, F-2I{H K 35mg/L;
bR KT BE AR AR S R 17,6 ~ 23.2°C, F3BI{E N
20. 1°C, pH {HAEfLAEFE 2 6.20 ~ 7. 62, F- (K
7.17, 5 55 R v 55 61, TDS AR fk i A 10 ~
122mg/LL, - 34 {H 5 45me/L; BF 52 X 4 $4 0K LA

* 1 R ERBH XKL FAS GHITER

Table 1 The hydrochemical parameters of the samples from western area of the Wugong Mountains

KR | gt ifj pH ijf)‘ —— - - p(fn o T T
R Ca Mg Na K HCO,™ | SO, cl NO, F TDS
H K 6 oMl | 8.28 | 23.5 | 8.56 | 3.02 | 8.81 | 2.12 | 45.80 | 12.20 | 1.57 | 2.84 | 0.08 46
B/AME | 7.14 | 12.0 | 1.35 | 0.44 | 3.55 | 0.44 | 13.40 | 1.63 | 0.003 | 0.69 | 0.003 16
THME | 7.48 18.7 | 4.60 | 1.44 | 5.59 | 1.34 | 27.13 | 4.80 | 0.69 | 1.68 | 0.02 35
iR K 5 KM | 7.62 | 23.2 | 27.10 | 3.56 | 6.34 | 4.60 | 75.10 | 15.30 | 7.52 | 13.20 | 0.40 122
B/AME | 6.20 | 17.6 | 0.44 | 0.44 | 1.58 | 0.69 | 6.27 | 0.43 | 0.29 | 0.69 | 0.01 10
SEYME | 7.17 | 20.0 | 7.30 | 1.29 | 4.50 | 2.17 | 28.89 | 4.43 | 2.68 | 4.94 | 0.10 45
HhFoK 11 RE | 8.90 51.0 | 14.50 | 4.00 | 98.40 | 2.75 |106.00 | 105.00 | 22.40 | 3.50 | 14.20 | 283
B/AME | 7.40 | 27.4 | 0.55 | 0.01 | 11.90 | 0.92 | 24.60 | 8.24 | 4.31 | 0.17 | 1.51 83
SEHME | 8.24 | 35.5 | 5.36 | 0.54 | 67.35 | 1.59 | 76.75 | 43.10 | 12.70 | 1.20 | 8.83 210
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Fig. 2 The Piper diagram of geothermal water in western area, Wugong Mountains

HCO,—Na"#07% F=, Hb BOK il BE AL ALV oy 27. 4 ~
51.0°C , XMl Ny 35. 5°C , pH {E 25 4L 15 Bl Jy 7. 40 ~
8.90, F-{E K 8. 24, ZHE, TDS 2B 4k [y 83 ~
283mg/L, -1 {H H 210mg/L, #F 5% X Hi# K pH .
TDS FIFRES -V FE Wk 2 s TR K i T~ 7K, AN (]

00 —49- 1%, - ¥ {H N - 53. 0%,
Cl 3"0 {H 2= b [ h - 9. 4%o0 ~
~7. 8%o, F-FIME HJ - 8. 5%0., H
3 ] BIF 5 XA [] K (R &
AR 2R IR 22 S /N, K
ANRKAR [ A7 77K T3 8 2R | TR
A 8367 T A RO AR K 2 A [ ZR 8t DX R SRk
28 15 X8, R Wi X b oK MR 7K R Aok 35

30 . :
Tk NO B IR Ve 5 T BB W 0. 17~ 13. 20mg/ 1., ?f?;w )
BHAZ X 5 AN [ 7K AR 32 N0 Sl 70 oLo %é?};‘l\‘r;iwater ?D{fz;l%ﬁfﬁf/ﬁi

RIMOU T KB RBRE) MOER IR T | S
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TAKE O R ML T K, ST IX B ERIK | H T K A d O%Q/*
HbIRIK Fp IR TR A AR ALY 235 R 0. 003 ~ il 0.8 _
0. 08mg/L.0.01 ~ 0. 40mg/L F 1. 51 ~ 14. 20mg/L, o
R CERIURBRE) MU DR Ak | | |
o AL 17 0 6, T 4 K i 7K R k% - |

SRR N RS P A N N A N R I SRR
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Fig. 3 The relationship between 3D and 80 in the
collected samples from geothermal water in western area,

Wugong Mountains
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Table 2 The 3D and §®O of sampled groundwater

from western area of the Wugong Mountains

s | g1t g 3D 3"%0
IKFERAY | GEit2m (V-SMOW., %) | (V-SMOW, %)

MK / -43.6 -6.5

WK | mKME -29.4 -5.4

/Ml -36.5 -6.7

FEHIE -33.5 -6.2

WK | mKE -29.8 -5.8

/M -32.8 -6.4

FHE -31.3 -5.9

HW#OK | EeK(E -49.1 -7.8

/M -59.0 -9.4

FHIE -53.0 -8.5

B2 KA EAKAN | HU PO 78 7K SCHE R 3 75 b ml B
ZIIRERRER KRR (B 4)
3 it
3.1 ok EEHLE
3.1.1  HERE RS HIKESELS

HBR A AR T Ak AR Hb BRIt A By AV
TR B B bR AL 2 IR A A 46 — bk PR AR
FBHES M PR AR . T R P b A AR
()38 AR AS AR TR, R b ] B e B 3
(%) L AT s 2 0 A T 5 A L 1 0
Hi$E, Na—K—Mg =M E 9 1z v HF
S Vo b BRI A 1) S RS DA B BH B b
PIRARIE M ( Giggenbach, 1988) , %
P Hl K T 43 56 4 Al 7K 3B - £
IR BAIK = BB KA TR e R
BCEAK  DX 3, DR 336 B BH 5 P IR
PRl ARG IR E . & 5 s, B Q009
PX2023 Fl PX2024 137 5¢ 4= F- i /K X 3k A1,
BERIR: Y A N o B T T N
BOK DX, PR I 5 B A L B 5 b 3R
AR

5 T i B A A1k B ) AR L B
W% 3, B RZEFIR L& A 0

100 E . , .
5 Wi
210k . i -
S : e ®  licoo
C‘Dm 1F .lo,_! ______ .
O » .
E o® VEERRER A
Soar -
o R
0.01 0.1 1 10 100
p(Ca*) / p(Na*)
B 4 RO P X UK Ca® /Na® 5
HCO,/Na" KR IA]

Fig. 4 The relationship between Ca®/Na" and HCO,/Na" in

the geothermal water in western area, Wugong Mountains

PRAR LG, WD B PR AR A TSR 45 R m A%, o2
Q009 .,Q014  PX1008 F1 PX2007 7K Y 15 {f £
T B A S0 K R, PRI At 6 e PR AR AR IS
Na—K Fll Na—K—Ca b bR 19 11538 25 1 i 2
TS TR AR, K—Mg bR bR A9 158 25 51
(et | I [ e g 11 S [ i 3 5

p(Na’')/(mg/L) ® AF0102

A PX2015

PX2022
® PX2023
< PX2024

Q002
= Q003
Q017

\ \ AY

b ARG AR B 0 P TR E Y 30 L3 S Ry
64.9°C ~ 113. 1°C fil 70.2°C ~ 112.3°C, Hh
T 5% X M B 1% K R 3 /N T
100°C , TR VA R AFAE , PR I o R 28 75040
Jea b POR PR AN IE 5 A 0 R

10p(K)/(mg/L)’

1000{p(Mg>") /(mg/L)

el 5 BT L PG R X M HK Na—K—Mg = £ ]

Fig. 5 Na—K-—Mg ternary diagram of geothermal water in

western area, Wugong Mountains
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AT,

M Na—K—Mg =& (] 5) a0, A 521X
HABI> TR AT b T A 58 42 VIR S R 2 32
FARVS KRS AR RS20 . ABFFER RS T
FREEA SRR B2 RNV BOK IR & LL, RS 5 R
FE R HOK ARV AL TP RS AR STk
PRV KR B A rh A v R — SRR S R
TR J7 R ) M ROK IR 2 ¥ KIS IE A Sio, &
IR A ] ( Fournier and Truedell, 1970) , i1
AN B

EXl +H—h( 1-X,)= E
| J

K, p, (Si0,) MERIZR K Si0, &, p, (Si0,) KK
ERHEFAIK Si0, & i ,p (Si0,) MR A J5 HiFIK Sio,
T H, R KKE, H, MR HOKKGE, H, MR
BIE HHOKKE(E ; X R EREBHOK R K IR A ]
W XK Z R KR FE N 18°C , Si0, & A 12mg/L,
T U RIK Si0, & i RIS (E AR, Ok 2 T
AN )R BE XS (B A Si0, Wk B2 3% 20 ih 2k 1 i 1 1 o 12
POKIRA LU, B R0 it T BE A Sy X % s BRoK

(3)

SiO Si0 Si0 ; 3 > > >
p(5102) \  Pu(SI0:) |y PSIO)  RIR ALBIE Y i, R R T 7
L ' ! Py NN~ SN N N
mg/ me/L me/L 258 5 B VR A TR JEE AR TR AV UK ) 1
B, 2 4 NAFIEE TSRS 23R
3 R AR X PFGRARTELSE R (C)
Table 3 Results (°C) of geothermometers of western area of the Wugong Mountains
Hb AR Q009 Q011 Q013 Q014 | PX1001 | PX1004 | PX1008 | PX2003 | PX2007 | PX2023 | PX2024
tyy 33.7 40.3 27.4 31.0 36.9 47.8 24.9 51 27.3 47.8 22.4
Na-K* 127.6 | 235.8 | 125.9 88.0 138.0 85.9 47.7 115.8 75.7 88.0 67.2
Na-K" 102. 1 233.6 100. 1 57.7 158.5 113.4 78.8 139.5 | 104.3 115.3 96.6
Na-K° 147.6 | 249.8 | 146.0 | 109.0 | 177.2 | 133.8 | 100.0 | 159.1 125.0 | 135.6 | 117.5
Na-K-Ca* 259.9 | 285.7 | 245.8 | 184.6 | 187.4 | 148.6 | 117.6 | 171.3 140. 5 150.2 133.7
K-Mg® - 48.0 -2.4 37.3 30.9 13.4 20.3 12.5 18.8 -21.4 | -15.3
VoK B v 3Lt b 95.0 72.7 89.1 68.9 84.9 97.3 70.2 102.9 73.1 112.3 98.5
e~ RZE VRIS E 96.7 77.1 91.5 73.8 50.3 65.4 32.9 72.3 36.2 84.1 66.9
F - TCIEIEPR 64.6 41.0 58.3 37.1 52.8 67.1 36.4 73.5 39.6 84.5 68.5
LRt 66.3 44.1 60. 4 40.4 84.9 97.3 70.2 102.9 73.1 112.3 98.5

Ty B FAS I 1 SR 5 < =" Fom IO

933
a; t/C = 273.15 ( Arnorsson et al. , 1983)
0.933 + lg[p(Na)/p(K) ]
1217
b: 1/°C = 273.15 ( Fournier, 1973
o 1.483 + Ig[ p(Na)/p(K) | (Foumier, 1973)
1390
L /C = 273.15 (Giggenbach, 1988
ot 1.750 + lg[ p(Na)/p(K) ] (Giggenbach, 1988)
1647
d; t/C =

Vp(Ca)/(mg/L)

1 Na)/p(K 1
glp(Na)/p(K) ]+B g[ p(Na)/(mg/L)

+2.24

—273.15; R ¢ <100 C, W B = 4/3; IR ¢ > 100C,

v .
lg [M +2.06 < 0, B8 =1/3 (Fournier and Truesdell, 1973)

p(Na)/(mg/L)

4410
e: t/C = B 273.15 ( Giggenbach, 1988)
14.0 + Ig [pi(K)/(mg/L)
p(Mg)/(mg/L)
1309
f:it/C = - 273.15 (Fournier, 1977)
5. 19-1g[ p(5i0,)/ (me/L.) |
1522
g:t/C = - 273. 15( Fournier, 1977)
5.75-1g[p(Si0,)/(mg/L) ]
1032
h:t/C = - 273.15 (Fournier, 1977)
4.69-1g p(5i0,)/(mg/L.) ]
1112
i: t/C = —=273. 15 (Arnorsson et al. ,

T 4.91-1g[ p(Si0, )/ (mg/L) ]

1983)
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WEE AN MAARKE BN Si0, &4,

I FH AR T R A5 H I DX A et A Ak v Bl
161 ~ 180°C., Hu /K Hh ¥ JK IR A L ik 0. 68 ~
0.93(El6), fAdbHRAREFIRERS 7 BT A A
it il 5 P9 91 T 25 S A, o2 DR SR T 9 IXC I R A e
WEHASHITE, FECPOUKIENEIR LT fE
PRI L Si0,, MR RERS 7 2T T3 A A TR
Triies (AR IR S, 2024 ) o PRI, HOA 3 RO AR 1)
THRSE A NS X A R G5 i I T Y L
3.1.2 HWESEMBHRRE

Fe T AR R B RN AT AR B oK R

T

FRE . AR 8D il 800 ik R ] OC R AL
PR IX AR, AT .

8D, —-8D,
-0.0003 H
8"0/%o=——""-5.24 (5)
m

Horh H AN ETR(m) 8D, MHEFOKEE S 6D 1H
8D, MHFFEIX KK 8D (B, h A HOK BURE 5
FE(m) & MR FENI R B, BFFEIX KSR 8D
B4 = 30%0, k {H K - 2. 3%0 ( 1 [E Hi 5 B} 2% B,
2022) .,

1.0
E —_
Eos K
ﬁ (170°C, 0.77) ¥
% %
. 0.4 i < 0.6
5 . wasl o
100 200 300 100

AAERE (°C)

§0.8
(171°C, 0.89) ft’ (180°C, 0.80)
1 <04 1
=
, WGS2 0 , WGS3
200 300 100 200 300

HAEEE (°C)

HAEEE (°C)

1.0 . 1.0 ; 1.0 x
= = = e
R R R
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Fig. 6 Relation between the ratio of nonthermal water mixed-in and geothermal reservoir temperature of the geothermal

water in western area, Wugong Mountains, revealed by silica—enthalpy mixing model
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t/C-t,/°C

£ 4 R LB KR AR W/m=——r"—"+h/m (7)
E{EFA Si0, & E BB X R °C/100 m

Table 4 Water temperature, enthalpy and SiO,
content of deep geothermal water in western area

of the Wugong Mountains

W | KR | SO, | | A | Sio, B
(C) | (KI/kg) | (mg/L) (°C) | (KI/kg) | (mg/L)
50 | 11.90 14 200 | 48.48 265
75 | 17.85 27 225 | 54.76 365
100 | 23.82 48 250 | 61.72 486
125 | 29.85 80 275 | 68.81 614
150 | 35.96 125 300 | 76.43 692
175 | 42.15 185

R 3 (4) il B Hb 45 o 72 V0 B A 1083 ~
1458m (3K 5) , A (5) M5 Hb 45 = R 3 Dy 843 ~
1387m (3R 5) , iFh i ik it a5 AL, 2R 5 P A O
VT 25 A5 R 1V b BOK RD 2 R R
1011 ~ 1422m, B 5% X 2= 0 X Dy 1 B v 06 Vi 4k
1918. 3m, ¥ 1 i 3% 29 1300m ( H [F M 5 Bl 27 Bt
2022) , 1A 2 ) b R OK #0451 S T L M TR b
SRR, L, MoK B B2 AR L X R R
KA

HHIGRIE T R, KA B RS EA Kk
AKEVER, BIE A B i AR RE Tk, 4
PERE R 5 KIR L BIEA G R R IL, n] ) s
PUK Si0, F A BOKIEIRERE AN

Horfr s R UREB I s H S FAAEUREE 51, N TE LAY
TEEE T LV R M XM R A IR R 17°C (H
R B ,2022) sh N TR TEHEER I 6 O HLR A
JE 1L PG b, Db R AR Ry 3. 6°C/100m (1 [E
TR e, 2022) o 4SBTy LU PG S EROK
PEIRERIE K 470~1893 m(K 5)

25 bk, 2R L v S H KK R PR BIL A R MG
s KA T B A 1 B AE, A s R
1011 ~1422m, 28 JJy b A 36, PR I JE Ry 470 ~
1893m , Pk iR B 64. 9 ~ 113. 1°C , M P K 75 1
ofs R 3 8 B A L W 247 ) M 5 TR RS 5
Wb s IR BHR AR K, oK g KR A H il
25749 0. 68~0. 93, WF5T X HbHUK B A M IEER 1L
RRE 7RI A 22 b o R o b oK BRI ML 5
3.2 EESEKkLELH
3.2.1 pHf&

SAEHL T 7K o A7 R 2S5 22 pH A R W ( Cao
Wengeng et al. , 2023) , TEGPEH T /KEFREE 5L
F~.CaF* MgF* AIF,” .BF(OH), %K X177, H b
#F pH (I F i BB K, Bk T K 3REE
HAEELL T B P C R

Ca(OH), ==Ca>+2 OH" (8)

Ca™* +2F ——=CaF, (9)

4R KA TR APE SRR, bR K o OH ¥R
P, ARAT B 2 (8) Al 1) £ A% 2, i b T 7K

i 1032
—= 273.15 6
°c p(5i0,) (©
4.69-1g
mg/L

& 5 KTy B AR X i # ok (s S TR AN 1B IR 3R B2

Table 5 The recharge elevation and circulation depth of geothermal groundwater

in western area of the Wugong Mountains

Ca™ YR LI/, [RIS , SR 3(9) -5 o it =22 1) 76 7%

gy HURE s e 3D 5'%0 Si0, A2 A3 e TR

(m) (%0) (%o0) (mg/L) AWAER(m) [FAEE(m) | FE(m) (m)
WGS1 238.9 -53.00 -8.4 50. 38 1239 1053 1146 1565
WGS2 225.6 -52.50 -8.36 31.54 1204 1040 1122 953
WGS3 214.5 -50.5 -8.26 43.08 1106 1007 1056 1351
WGS4 252.6 -49.1 -8.31 23.08 1083 1023 1053 587
WGS5 327.6 -50.3 -8.48 37.69 1210 1080 1145 1177
WGS6 323.1 -50.2 =17.77 25.38 1201 843 1022 696
WGS7 251.8 -54.00 -8.2 22.62 1295 986 1141 564
WGS8 260.3 -50.5 -7.85 20.77 1152 870 1011 470
WGS9 195.6 -58 -8.9 43.85 1413 1220 1316 1375
WGS10 196. 8 -59.00 -9.4 63.23 1458 1387 1422 1893
WGS11 198.5 -56. 00 -9.2 45.15 1329 1320 1324 1415
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3, SRS Y CaF, FRELE R, S8 Tk F-
WRERSIN, AN, BT FOR OH B AR ki,
HiUR K BRES S A BsF, OH o] B 55 7K 24 i b 2k
TR B AR RE ORI, PR, MR KA
PERSEA R T Fa e, BFRIX oK pH (281675
N 7. 40~8. 90, @tk b T 7Kk A F T F s 4=
FoRBEIF R B pH (E3G I e2L 5, 20 pH (BN
FEEAEW HIFEEENE,
3.2.2 WE

MoK BB SR HR K BB IE 1L 52 A B 1 iR R ik
AT H SR 4 0 e, RS IX PN HB BRI AR b
JLFE N 47.20 ~ 114. 00mg/L, “F-3{E N 87. 75mg/L,
Hiy K B AR AL T FEL A 13. 40 ~ 45. 80mg/L, S H4{H
A 27.13mg/L, T K B8 AR AL V5 BN 6.27 ~
21. 60mg/L,F-34{H N 17. 34mg/L, K B8 F i
i TIRIZ R K A R KR . BFoE X MoK B
VR FE AT S I 2 = i A X AT RE S R
b A OC A2z R R

CaF,+2HCO, ——CaCO0,+2F +CO0, (10)

R R R B AL TR OK S B
KBRS SE I B AR R N A R B, AR T F
WA, I, MR OKBEE R A AT PR,
3.3 |EHEKHBKLFIER

100000 ¢ | T T >
- BRI
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a )
%"1000 3 L
= FHES ¥ se B E
g I S~ °
<L [}
S 100p AEMEA 4 ° :
10;
S W
1> L 1 1 ) 1
0 0.2 0.4 0.6 0.8

p(Na")/ [p(Na"y+p(Ca?")]

1.0

3.3.1 5ARLIEA

FAR S B LA W e, S w0 WA AR
P, 47 47 (CaF, ) , VKA (Na, [ AIF, ] ) LS Bk K
£1(Cay[ PO, J(F,) 55 BT AWFFE R KW, A
TR KA VS iR R K R BRI (R
W15 ,2018) , AFIZEALS AR S &2 REK 2
FUE>IE R A RKSE A ma> kA >Kls, 2T
Gibbs EIGrHT 78 KW 45 | 5 A IKUA RN B3 T AR 6T 3
PoRA2 AR RIS S5 R N 7 Feos  BF 5 X A
K AT WAL XS, R B A A KA 2 5
M b HOK A FRRAE ) B2 R Rl 7 — e R B

EAEENCE S

)L H XA S sh A o s gl AR B e AR K
TEFE X AN T2, atE FEUR BB K AL
R ALK A I K ALK A BBk AN
A B R a BHA A A AR Y (ke
4.2023) , TERREAGIRIL S, L AR5
oy KAIR G HANE T, X — Ml BT o A ik 7 o T 4
An (RIS, 2018) o 77K 2 P A (1) b B OK 7E AR
W A R PR S BE R A EER Bl A T
A YK SRR A AT XS SR K P BRI
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Fig. 7 The Gibbs diagram of the geothermal water in western area, Wugong Mountains
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Table 6 The saturation index ( SI) and total dissolved solids
(TDS) of geothermal groundwater in western area of the

Wugong Mountains

o | TR | me | mza | oo
(mg/L)

WGS1 220 -0.26 0.53 -0.57 -2.95
WGS2 136 -0.5 -0.53 -2.07 -2.94
WGS3 10 -5.15 -3.28 -6.55 —-4.94
WGS4 122 -6.26 -0.95 -2.47 -2.65
WGS5 34 —4.46 -1.81 -3.91 —-4.04
WGS6 39 -3.93 -1.62 -3.44 -3.8
WGS7 254 -0.17 0.13 -0.92 -2.93
WGS8 46 -4.11 -0.61 -1.62 -3.76
WGS9 203 -0.39 0.19 -0.82 -3.07
WGS10 272 -0.17 -0.28 -1.72 -3.08
WGSI11 240 -0.03 0.1 -1.04 -3.13

FILIRAS , AU A B IR AN 2 ST R T 0, %W
ZH PR TN BGE AR (Cao Wengeng et al.
2023) ,

I FH Phreeqe #4453 MoK rh -t il
TRE, BT A s B A0 S Y
RZS (Parkhurst and Appelo, 2013) . 1525 5k
6 FE 8 s MoK A A E =AY
TR B /N T 0, 2 W 7 VA Ak 2 s 7 L 7Y 3 4t
DX e SRR P RS 1Y TR ORI, W5 X
PUKBIRAC AR Z B8 A A BEAH =
AT RE I 5 5 53 M oK T i Y i 3

JEWIN R Cal, RRELH R, T B MUK F k3T
SIS
Stk — 25T BH B A 4 A TG b AOK Bk
BESZ I SRS 50 (CAT T F CAL 11) 3 A i HAok
FH B 28 # 4 H .
p(Cl")—-p(Na") —p(K")
p(Cl")
p(Cl")—p(Na")-p(K")
p(HCO) +p(S07 ) +p( €O ) +p(NO))
(12)
24 CAI T F1 CAIL 11 ¥4 4 IEE I}, ok 4 4y vh
) Na* K" 5 H A i Ca> M & 4E B F A0 #efE
Mz MR #OK Hh Ca™ Mg™ 5B Na© K
KAEAZWAE, A& 10 Fis , B s oK RE i il
BRAE B R 5, CAT 1 4 XHE 4K, CAT 1T 4 Xl
BUNHIER 0 {8, RIAHHOK T Ca® Mg™ 5 Rl
Na® K" &4 AE L % HbBR AL 24 1 FH 2 R 7 5
i s AR AL 2 2 A A A [T LR B & 4R

4 g

AR SO FH K A2 A0 SR R 2R B 3 T 4
IR AR SR A 2 AR T, 23 B 1 5Ty 1 o i
DX PR oK S PRIAILAR 485 75 1 i S PROK B K A~
e AL, A5 AR 2598

(1) BFFE X HbFAIK pH TDS |5 B 98 5 Ik 2

CAI I=

(11)

CAI IT=

FMEHORT 0, F W38 50 H ok oh 7 i 7 | |

b TN 6 PR e 0 0 7 0

SPERRR R UTRE, B R Aok o L AL 44 g

Ca¥ VR FE T B, Ca®* Ml ok f AR & s x *$

SEHAHLL T RUARE (S1<0) “

PUATFFEE M (RN 9), 51k F3 | |

PRI TR LRI o> e .

3.3.3 BETFLHIER £ |, " Huis
PR S (P E R ey o N . ofet i

FEl i UL Y0 7K o 56 T 7, T A g

AR W 1 305 I 5 T B MR 1 o s T

KA (F1E%8,2003) , RUE F 55 Na'/ . . gypsum

Ca® Na'/Mg® 3 R AT (B 9) , # T /k 0 loop(TDS) (mg/L)200 300

R YR EEREE Na'/Ca® Na'/ Mg HIHEN
M, X 555 04 b R A Na® 4%
R 7K H Ca™ Fl Mg™ TR0 A 56, Lk
FASHANE AR b IoK B Ca™ FIl Mg™ ¥

(&1 8 Ty Ly P4 &Rl X H AR B i A g oM fL B C R &
Fig. 8 The saturation index (SI) vs. total dissolved solids p( TDS) of

geothermal water in western area, Wugong Mountains
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Fig. 9 Relationships between hydrochemical parameters of the geothermal water in western area, Wugong Mountains ;

(a) p(Na")/p(Ca™) vs. p(F7); (b) p(Na")/p(Mg™) vs. p(F")
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Fig. 10 Relationships between hydrochemical components

with CAI I and CAI II of geothermal water in western area,

Wugong Mountains
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14. 20mg/ L, H1 & 7K FI Hb T 7K G5 vk B 24 % 48 M B &
FRifE

(2) EE R ZE 25 F 48 7 s Ty L P 0 b AR R
JEFRAFEAK MR =L N 1011 ~ 1422m, i T
UGN IEFRGEBE N 470 ~ 1893m , A TR FE N 64. 9
~113. 1°C , ¥FHr 2447 EImEF iR AR 2 K, ok

YR KR A LB 0. 68~0. 93
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Hydrochemical characteristic and genetic mechanism of
fluoride-enriched geothermal water in western
area of Wugong Mountains, Jiangxi Province

DENG Yuefei' , ZHANG Shouchuan® | LIU Kai>* | ZHANG Yaoyao” , JIA Wuhui® |
WANG Luyao® , YU Tingxi®* 1) China Institute of Geotechnical Investigation and Surveying Limited , Beijing, 100007
2) Chinese Academy of Geological Sciences, Beijing, 100037 ;
3) China University of Geosciences ( Beijing) , Beijing, 100083

Objectives: The geothermal resources are abundant in the Wugong Mountain area. However, the fluoride-
enriched geothermal groundwater in the western region restricts the development and utilization of geothermal
resources.

Methods; In this paper, a total of 22 samples were collected in the western part of the Wugongshan area.
Based on the physical parameters and isotopic data, the recharge source of geothermal groundwater is identified,
and the recharge elevation, circulation depth, heat storage temperature and mixing ratio are estimated for revealing
the genetic mechanism of geothermal water. Based on the several hydrochemical analysis method, the genetic
mechanism of high fluoride geothermal groundwater is analyzed by the environment and process of hydrochemistry.

Results : The results indicate that: Caz+, Na® and HCO; are the main ions in the surface water, shallow
groundwater and geothermal groundwater. The hydrochemical characteristic of high fluoride geothermal groundwater
is HCO;—Na. The fluoride concentration in geothermal groundwater is 3 ~ 13 times greater than the upper limited
value, while these in the surface water and shallow groundwater are within the permittable threshold range.
Geothermal groundwater is originated from meteoric precipitation. The recharge elevation is 1011 ~ 1422m,
circulation depth is 470 ~1893m, heat storage temperature is 64. 9~ 113. 1°C , the proportion of cold water mixed in
geothermal water is 0. 68 ~0. 93.

Conclusions: The hydrochemical characteristic of geothermal groundwater is controlled by the geological
setting and hydrogeochemical process. The fluoride in geothermal groundwater is originated from the rock
weathering and mineral dissolution. Cation exchange and alkaline condition are the main influence factors for
fluorine enrichment.

Keywords: Fluoride; Geothermal groundwater; Hydrogeochemical; Genetic mechanism; The Wugong
Mountains area
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