202441 A B> =SS Jan. 2024
545 % 18 99-111 Acta Geoscientica Sinica Vol.45 No.1: 99-111

www.cagsbulletin.com

ST TR X ok AL S AT 5

izt o ou Y EE? Tz T HEY
1R E U RR=BE, dbat 100037,
2)Hp [ 5 A2 (B 3D )R B IR S 3R 24 e, JEET 100083
3)H b R A (G U ERR 22 5 B R BE, JEAT 100083

8 F: NIV AR OK SO BRAL =R AE R s R (BT R, AR SCREET 15 MR, RADKALY: . A%
BTSSR ST . SRR WFS KUK DL Na-HCO; UK oh , R /KEL HCO5-Na-Ca BN 3, i
/K H1 P R 7] 4 I A HCO;-Na-Ca [a] HCO;-Ca B KAk o K A 2 2H i Aol B 32 28 52 8 A0 WAR AR R4, 3
JRE AR, K Nat, HCO, . Sr™ RIE FRERR A KA . AR E )AL R RFAE AT 0, 5T X 0K
AR WA KR o WFSE X PB IR H 49.8~101.4 °C, HIPIKFEERIRIEE N 1 502.6~1 513.6 m. HUKTENT
Wrdaly I B HRER KR ARG, HIRA B 76.1%~87.5%. WFFE IR Sy 2 4 by DX K 476 #1332
PR, AR T TR Y & B R S AR

KB UK, K RUE MR,

hE S P592 XHEkFREARD: A doi: 10.3975/cagsb.2022.121601

Hydrochemical Characteristics of Geothermal Water
in Anfu Area, Jangxi Province

YU Tingxi"?, LIU Kai"", SUN Junliang”, WANG Luyao", WANG Shuxun®

1) Chinese Academy of Geological Sciences, Beijing 100037,
2) School of Water Resources and Environment, China University of Geosciences (Beijing), Beijing 100083;
3) School of Earth Sciences and Resources, China University of Geosciences (Beijing), Beijing 100083

Abstract: To study the hydrogeochemical characteristics and control factors in the Anfu area of Jiangxi Province,
we collected 15 groups of geothermal water samples and analyzed their isotopic and hydrochemical
characteristics. The results revealed that the geothermal water in the study area was dominated by Na-HCOs-type
water. The groundwater primarily comprised HCO;-Na-Ca-type water, and the surface water changed from
HCO3-Na-Ca-type to HCO;5-Ca-type from the southwest to the northeast in the region. Rock weathering primarily
controlled the evolution process of hydrochemical components in the area, and the formation sealing was poor.
Na®, HCO;, and Sr*" in water originated from the weathering and dissolution of silicate. According to the analysis
of stable isotope characteristics, the geothermal water in Anfu was of meteoric origin and had a slight '*0 shift.
The geothermal reservoir temperature in the study area ranged between 49.8—101.4 °C, and the geothermal water
circulation depth was between 1502.6—-1513.6 m. The geothermal water rising in the study area was mixed with
shallow cold water, and the mixing ratio was calculated to be 76.1%—87.5%. These results provide a basis for
understanding the evolution of the water cycle in the Ji’an area, which is conducive to the rational exploitation
and protection of geothermal resources.
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Fig. 2 Histogram of cations(a) and anions(b) in water samples from the study area
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Table 1 Ion correlation of water samples in the study area
2 pi ¢! TDS K" Na* Ca** Mg cr SO}  HCO; F s mAERR
KR 1.00
TDS 0.57 1.00
K' 0.37 0.94 1.00
Na' 0.71 0.95 0.87 1.00
Ca® 0.21 0.62 0.67 0.45 1.00
HiHk Mg -0.11 0.70 0.85 0.57 0.52 1.00
cr 0.47 0.85 0.78 0.88 0.41 0.63 1.00
SOr 0.35 0.90 0.96 0.86 0.59 0.85 0.75 1.00
HCO; 0.18 0.88 0.94 0.79 0.58 0.94 0.81 0.95 1.00
F 0.93 0.79 0.64 0.91 0.33 0.19 0.71 0.62  0.48 1.00
Sr*' 0.15 0.86 0.95 0.76 0.63 0.95 0.78  0.94 1.00 045 1.00
Uiz 0.80 0.91 0.79 0.98 0.39 0.44 087 074 0.68 095  0.65 1.00
K 1.00
TDS 0.55 1.00
K" 0.20 0.74 1.00
Na* 0.72 0.92 0.62 1.00
Ca*" 0.03 0.48 0.45 0.19 1.00
Wk Mg*t -0.17 0.55 0.71 0.31 0.69 1.00
Cl 0.41 0.76 0.75 0.74 0.28 0.57 1.00
SO; 0.33 0.83 0.49 0.74 0.54 0.62 0.50 1.00
HCO; 0.13 0.86 0.83 0.73 0.49 0.79 0.74  0.80 1.00
F 0.93 0.76 0.35 0.91 0.08 -0.01 055 057  0.40 1.00
Sr** 0.12 0.86 0.77 0.71 0.56 0.81 070 086 099 039 1.00
i ik R 0.77 0.87 0.68 0.95 0.17 0.30 082 057 065 089 061 1.00
KR 1.00
TDS 0.53 1.00
K' 0.18 0.75 1.00
Na* 0.72 0.86 0.55 1.00
Ca® -0.05 0.40 0.43 -0.05 1.00
gk Mg** -0.18 0.57 0.73 0.26 0.52 1.00
cr 0.05 0.34 0.36 0.21 0.31 0.31 1.00
SO; 0.32 0.81 0.48 0.72 0.29 0.61 0.25 1.00
HCO; 0.12 0.86 0.84 0.63 0.50 0.79 028  0.76 1.00
F 0.92 0.71 0.30 0.91 -0.07 -0.04 0.17 056 034 1.00
Sr*' 0.08 0.84 0.78 0.55 0.65 0.80 039 078 097 029 1.00
Pt ik B2 0.75 0.73 0.53 0.94 -0.21 0.20 0.08  0.51 049 086 034 1.00
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Table 2 Analysis results of water chemical composition in the study area
B TKFE K Na' Ca”' Mg* HCO; Cl SO NO; H K Eh TDS
¥%  (mgL) /(mgl) /Amgl) /mgL) /Amgl) /mgL) /mgl) /Amgl) P r°C /mV  /(mg/L)
AF0101 H1E/K  0.60 1.52 4.15 0.21 14.60 0310 2.34 1.04 8.27 22.2 35.0 25
AF0102 #i#K  0.70 15.2 247 0.02 1320 0.575 2.83 0.86 8.74 60.0 112.0 43
AF0103 HiR/K 037 1.30 1.28 0.17 1130 0314 1.95 0.98 8.18 23.5 145.0 14
AF0104 /K  0.52 1.96 2.07 0.23 1020 0.267 1.52 1.55 8.31 222 149.0 18
AF0105 HiR/K 050 2.40 1.86 0.14 1020 0.295 1.66 1.35 7.98 19.0 173.0 26
AF0106 Hi/K 034 1.38 1.56 0.11 8.54  0.288 1.76 0.60 8.11 19.0 194.0 12
AF0107 Hig/K  0.52 2.35 1.80 0.16 8.54  0.346 2.13 1.76 7.89 19.0 194.0 14
AF0108 HiR/K 035 2.60 1.88 0.13 10.50  0.564 0.91 1.48 7.33 20.1 127.0 18
AF0109 Hi#tK  1.30 19.2 3.51 0.72 5320  0.833 5.94 0.27 7.20 30.0 195.0 64
AF0110 #1%/K  0.58 2.52 3.18 0.38 1590  0.288 2.58 3.05 7.54 19.0 194.0 21
AF0111 #1F/K  1.03 2.94 2.72 0.53 1820  0.675 1.26 2.96 5.93 24.0 167.0 24
AF0112 #bK  0.82 2.80 5.38 0.63 23.60  0.485 3.21 3.28 6.51 20.0 181.0 32
AF0113 #F7/K  1.03 4.02 1.85 0.18 19.90  0.443 0.50 1.05 6.16 19.0 171.0 22
AF0114 H1/K  0.62 1.85 3.53 0.28 1070 1.570 2.23 2.16 7.36 17.8 185.0 22
AFO0115 #£/K  0.95 1.27 9.93 0.45 31.80  0.750 231 0.73 7.30 21.8 172.0 36
#z3 MRXAKESTFRHEL
Table 3 Ratio of ionic coefficients of water samples in the study area
K 5 2 IKEEGRS K AR yNa/yCl yCa/yMg 100ySOY /4Cl
AF0102 SCR M 40.98 75.03 364.00
oK .
AF0109 TR Y B 35.73 2.96 527.39
AF0108 3k R SR 7.15 8.79 119.85
R K AFO0111 IRYEIL AR H T K 6.75 3.12 138.06
AFO0113 PEZ IR IK 14.07 6.24 83.14
AF0103 72V < 6.42 4.57 558.27
AF0104 DR K Tl 11.38 5.47 459.30
AF0105 1737/ SRR T} 12.61 8.07 421.04
AF0106 VLR M AR &K 7.43 8.62 416.17
AF0107 ZVLZRE K 10.53 6.83 451.97
Ho oK . ,
AF0101 ZTALZR 1Rk 7.60 12.01 455.29
AF0110 1L AL IR AK 13.56 5.08 662.54
AF0112 TR IE AR R K 8.95 5.19 489.50
AF0114 PR INARFG IR K 1.83 7.66 105.05
AF0115 B H 1K 2.63 13.41 227.79
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s A
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Fig. 3 Piper trilinear (a) and Schoeller diagrams (b) of water chemistry in the study area
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K BT B B T A AE B R R . KRR A B M b
T K G B A PR ()G, HbHOK S A R R 5L
PRt s, BBk 80 AT O°H A8
EANK, d-excess {E /N o 2245 b X HL T #A40K d-excess
i A 10.61%0~12.68%0, i T /K d-excess fH N
9.56%0~21.68%o, 137K d-excess {H 4 10.6%0~21.22%o,
K EIET d-excess=10%0 )7, FEKSHKE T
W, 57K, Hi#oK d-excess (EAH AR Hm
HHE/NTRKE 7), #FHOKER T Z 30728 & EH
AR, TE4 2 A B IR AT R -
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4.2 HRBEMEFE

Bl A 3L A 32 5T R A 52 R 7 Se/%Se He L Al
T, KR VR AZ g S5 B 52 YT St/*0Sr FUAE D A1
HRAEAIF 5 XK R EAE 2 ¥ Se/*Se HUAB (K] 8)
Ab SRS SO R M A (AF0102) . I 3 M B R
(AF0109)58 Rl 2 LLAEE Bl R 0.729 075~0.731 792,
SEEMER 0.730 434, 7 T ool ER s SR IR A = F
A EJr, HA AR RAEFE; # R /KRR AL
Z I EMEN 0.720 935, H T KER[FEAL 2 A
BIE A 0.720 935, 4bTFFeiEaEsR BUA SRR R 1
(B BRI LG vy 7 P S T 0 K B R0 M, Ul
BT X 3 T /K B0 R 2R T b5t o & 5804
AR SHFK B H TR KA EL, AFO115 A
A TR ZE sSKAE, AR 1 517 m, HAEZ2 RS
KN, RERR K fESE /N, I *'St/*Sr MR fI, 7
SEEESUWE TS 38

T A B BT XK AR IR, T R
TDS 5 ¥'St/*°Sr WK Z kAT /M (& 9, & 10), #F
FE X H PR PRl 9.12~50.90 pg/L, Hi ¥k
FRERHREE N 6.90~13.2 pg/L, HuZE/K P 4auk Ny
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Table 4 *’Sr/**Sr values and their mean values for water samples
K 2 KBRS 5 KSR 87Sr/%0Sr FIE
AF0102 THF P 0.731 792
Ho 0.730 434
* AF0109 TR AR 0.729 075
AF0108 Sk R 0.720 833
iR K AF0111 RYEIL AR T K 0.726 629 0.720 935
AF0113 PEZ IR K 0.720 519
AF0101 EIEIK T 0.715 759
AF0103 DR K Tl g 0.726 809
AF0104 173/ SRR T} 0.730 128
AF0105 VLR R AR &K 0.719 935
AF0106 ZALZREE R K 0.717 527
AF0107 VLA AR 1K 0.720 069
£ 0.720 712
wK AF0110 1Ly A B IE K 0.725 548
AF0112 T IE AR R K 0.722 174
AF0114 PR IR SR K 0.717 587
AF0115 B A LK 3 0.711 587
AF0102 LR TG 0.731 792
AF0109 TEIEHh R 0.729 075
6.79~36.2 pg/L, ¥ AR EE K . &5 *7Sr/*°Sr HAE K " e
geot hermal water
!E%%Ugﬂ(, E‘W&'ﬁ\jﬁ%jﬁ%%ﬂ(@/ﬁ, 35 Sr/%Sr 1 ol a iﬁﬁéjéwam \l‘.)IW
(8 i B BEACRH TR &, SCRIIAIE(AF0102) o BT
FH T 776 P10 7 b $OK 5 R K TR A VR, or
5 YE IR (AFO0109)4H Ho AR B m 1% o 3_240 I 10
PRI HEOK TDS i 43~64 mg/L, i F7KH I
J1LS A
18~24 mg/L, ##KN 12~36 mg/L, HIWAET fLIE aop )
Ko HIBKOKRE S A B, RBHE TDS 5 .. "
75 Sr/Sr HEARAE, 756 T BOK GRARFRIE I . .
l00710 07I15 07I20 0 7I25 07I30 0.735

5 HR5TR
51 HEERERAHKES

P I HE L BB TR bR . AR
FroAeAbsE . MBFSE X Na-K-Mg = ff Kl a] A1(&] 11), BF
FEIXHBK | bR ¥ 55 I K 3 R A UK, 22
TERFFE X MRS v (1 . T HOK 5 A5 G PRk 5
IK-EFERIRAS, NS G R PR & i HOR AR T
B, TRV AT A AOKFE b TR R e kAR T Ve UK
ROWS,

TEHLHGKIR /N 300 °C HBEEMEIR S A R
JERARIEOL T, ASFICEIE Sio, Ak JF
T 5 AR LT AR, A S RS A (]
12)SCK HFRIF(AFO102) 17 F A1 B fie KIETRI R 26 2
T, AR 101.4 CEX 1), RIEIAUR
(AFO0109) /K HE si AL F Oy e S Mk, 15845 $u it i
FEh 49.8 C(2 2),

A1 PR R - F K AR VR R

T=1522/(5.75-1gSi0,)-273.15 (1)

YSr/*Sr

10 FFZEX7KEE ¥Sr/*sr tL1ES TDS X &
Fig. 10 Relationship between 8Sr/*Sr ratio and TDS
in water samples
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Fig. 11 Ternary diagram of Na-K-Mg in the study area
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B
T bR
T=1 000/(4.78-1gSi0,)-273.15 (2)
Hrp: T REEEIREE(C); Si0, Nl Tk — 44k
T (mg/L)

TEHHOK RGP, JEAE 10K 23 v ok
RAMEAE, FEEE T Y s Hr g .
DRI HUK RIS T S10, & BEAER KIR A 200 T [
%, B KIRE W X, 5 ks 7 5 m] X 8 Huk

%G #4715 (Fournier, 1977; X33, 2021):
SctSu(1-X1)=S; (3)
SiOZC‘FSiOZh(l*Xz):SZS (4)

e S AL FR KBNS, (R KR B i b
TR IKPIKEEAE; Sn HIRTFHUKPINS; S M WKL,
Si0y WHBFRVRIK Si0, i, [ FH K KA T 1l =
7K Si0, Fdlt; SiOa MIRFRHUK SiO, WG &,
e Sh EI‘J‘ .

N ST 458 HOK TR A He ] B L AR 1k

E’Jﬁﬂ%% EHWJ‘/«WﬂﬁxﬁEﬂﬂ%&u%u&%k\\
(VR KT 00 S RIS IAGE TR EE o T A5 60 SC S M Ak
FHIK(AF0102)18 HUKIRA HLBI A 79.1%, FAGIRE A
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Fig. 12 Distribution of underground hot water
SiO, temperature scale
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178.4 C( 13), IEMEHL IR (AFO0109) M 25 FH 46 R &
HARSE (] 14), ZERA 2RI B, 7T LA
Truesdell et al.(1977)# H 1975 FE i KRR ARG Ol
T, R SiO, ¥ 5 Fks 2 6] 1) 5¢ A7 X 4
LR S 7K IR A el R S10, W FE FAS 2Z 18]
R RHATTERE,
X=1-(AB/AC) (5)
X=1-(AB/AE) (6)
Hrb X B IKIR A ),
LHEHMH(AF0102)H, A, B miAHEHLEK AT
VIS A9 R &Hsg T C, C PR (163.0,
152.7), C fBEAR bR R HOKIE (R 15). RIE
iﬂz#k%(AFmomﬂ A, B SERKZ S A Sy i 2k
ToHAC B, RIFER PUKIR & Z IR oK 2 &
KA T #EEI, B X=1-(AB/AE)i1 &% B k7%
TRIVRAE L TR KRG H B F sl AL BREE A H A
IR RIS Z BT HIREAE, G AR B R 28755k
ZRTHIPOK IR Si0, & (F 16), HE A CH
iwx#(AFmoz)(MJqE'b Fo 1k 73.0%, BRI N
163 °C; i I Hb B4R (AF0109) ¥4 /K IR & H 1]
87.5%, IAHLE R 183.5 C.
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Fig. 14 Wentang geothermal spring (AF0109)
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Fig. 15 Silicon enthalpy diagram of the thermal storage
temperature of the Wenjia geothermal well (AF0102)
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AOHRbRTE . REKS RS RS R R TR
BB 22 R, T IF5T X B 24 A A kAl
Hgw, FEChHOKIENER LI R b R R 2
Si0,, RS JrFE 5wk P A v BT O3 2
P i o 45 A BN FLESE T D0 S RS B, ST R M B IR
90.32 m BHHIRIREE A 79 °C; iRIEHEH 50 m FEMIE
26.6 °C, HrAJeiRARZENIER, B SCHE I
(AFO102)WGEIREE Jy 101.4 °C, IRIEHLHUR (AF0109)
PAKIRE N 49.8 Co

REKS 7 A 5 me K TR A 105 T A5 R V2 K TR A L AR
VT, BUHOE B E AR N e &S5 R SCR B I K
(AF0102) ¥ /KR A F il Ry 76.1%; ik I b #4 S K
(AF0109)A 7KIRA HLBI A 87.5%(F 5).

5.2 MK EIRRE

WF 5T X L BOK i RS ANA A B, 2t E3F
KR S W2 T BRI A, AR (7))
BT X MRS A 3.6 C/(100 m).

G=(to-t)/(ho—h) @)

K G Ry HLIEASE(C/(100 m)); to JFLIEIRE
(°C), 59.6°C; t A Y HIAFEF- R (C), 17°C; hy AL
JEVREE (m), 7 1 190 m; h S E AT TR (m), HULP
i AR R AR 30 m,

bR 7K AR AR VA R B T bR KA B i A
TRACEET W R, YR AR AR VA AR R S OK
R IEAIEOCR, o nl i a AK R v A A R R
SRR EE (R (B) . K (9)):

T=1032/(4.69-1gC)-273.15 (8)
H=(T-T,)/G+h 9)

Ao T Ik BPE PR R B A L (C); C Sk —

AR (mg/L); H R BABETREE (m); To M E IR

FE(C), WFEIXEL 17°C; G AHBIEFAEE(°C/(100 m)),
J 3.6°C/(100 m); h Ay 1E S R B (m)

FF 5T X MK EER R EEAE 1502.6~1513.6 m, Hb
I IKIEIGEE A 343.4~709.8 m( 6).
53 HiKINAEE

FEHIE R AR R HIX, KK H *H
O P i 2 B A VB R B A I N R B . AT g
THE W 5 DX KRR 1 b 25 78 2 oK 8 58 KSR K T
JLANGAE L DU T R 0 58 X0 3 R K 1938 55
S1E .

H=h+(6G—oP)/k (10)

P H KBS AN R (m); 0G RKEE O°H
B} 0'%0 {i; OP A HURE A5 BFHI KA K 0°H 51 6"°0 1
h SR IBORE s b i (m); kA KPR S B4R R 2
{8, N%o0/(100 m).

A

700 - cold water

w K
geothermal water

600 [~

Si0,/(mg/L)

0 50 100 150 200 250 300 350
15/(4.1868 1/g)

B 16 RYEHHAER(AF0109)# 448 E RIS B R
Fig. 16 Silicon enthalpy diagram of thermal storage
temperature at the Wentang geothermal spring (AF0109)

x5 MREXMBKRHEEERRKESEEH

Table 5 Geothermal water thermal storage temperature and cold water mixing ratio

iR /°C VIR A LU/ %
i KR AR
A IRER R R RS I i TERE R TS 1] i
AF0102 R I 101.4 178.4 163.0 79.1 73.0
AF0109 TR PR 49.8 183.5 — 87.5
e =" RUEAE A,
F 6 WMRXHMIK R TKBIFRE
Table 6 Depth of geothermal water and groundwater circulation

KEEGS K E AR K E A WURE s b /m TEFREREE /m

AF0102 R M oK 342 1513.6

AF0109 L M PR oK 246 1502.6

AF0108 3k TR SR R 7K 578 343.4

AFO0111 T IEAC AR Hb R 7K HiRIK 254 709.8

AF0113 PEF RK HiRIK 654 587.3
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T i ROK FE DR 3R 72 R T e ) SR A R
M) 48 R) 437 3% 43 A [ R B 11 1) AR RS B, T
F BRI A A0 PP & s l/b, B o Xkt IX
ANTR] R KA o 1) SR 2B VR T LA (18] 17) 07K
B O°H B = BE W3S I ARG, R SRS, 254
ERRSON, FAREERE N 100 m, 6*H B/ 2.3%0, BIAR
EFERE B k = —2.3%0/(100 m), THE A5 S0 HHk
HIK(AFO102) %M A H FE N 868.3 m; Jld 3 b #AUR /K
(AFO109) M4 i FE N 644.1 m(F 7).

6 ik

AR S 30 2 %of v ] 5 4 T e A L X R A
b AROK, HiL R ¥ 7K B 2% K ) K Ak 2 B[R] 26
TEHAT 53 B

(O BEHETER AR, HR KT R X
HCO;-Ca JI7K [i] HCO5-Na-Ca Bk, Fe&AE /K A
HAEF A R, HCO;-Na Rl ok HEH 1%
KR IC R ZRERRER KA K AR, & T
FRURBE (3G IN, b $ROK BH B 58 R W B 3852
AR AR T (NaHCl) . 558 R ¥ (yCalyMg) . Wi
FE(100ySO; /yCl), WHF5E X H T 7K iy Ak Hb )22 358 P41 42
W2, HINBE KA, T KHNEFEZRET
RERR L A WAL %

)M 4 A AR Rl R M SRR R Ak, oY
DX T 7K Rb 25 Sk I S KRR, A KRR PR
% HUFKEEIC R FEORIE T o h S 58T A A .

®7 MREXBHKIESE
Table 7 Geothermal water recharge elevation
in the study area

Fh, fbrE HMAERE
Gy KSR Hi ok BORE S bRm AN R
O°H /m /m
AF0102 XFEHHAH  —46.76 342 868.3
AF0109 RMEHII  —46.62 246 644.1
. 41600
® §5'H/%o
A 2
— ﬁ%tir‘léj‘fine H1400
<1200
<1000 g
&
-0’H=0.023H+26.659 800 1E
R=0.502
L] [ ]
- 4600
anm | ]
[ ] - =400
] L}
n
=200
—41 -40 -39 -38 =37 -36 -35 -34 -33 -32
o'H/%o

17 oH SERSEEL
Fig. 17 6°H values with elevation

(3)38 2o X 5% DX R UL B A A B, T R Y
R KB AR BOK, H TR #OK 32 208 7K IR A H
KR, H76.1%~87.5%, HAHEIEEN 49.8~101.4 C,
WF5E X BOKTEERERE R 1 502.6~1 513.6 m, H1F
BIKIGIRR ETE 343.4~709.8 m, Hb T HUKKMA mi i
Jy 644.1~868.3 m,

(HBFFE X IR SR 34 TR AOK, 32 1l BT
VERISE A, FEAG P 3 A2 v pl R0 b L =2 i T I
2T, FERERIKIRA G I HERIE B R . Pk
MK F R AERR & 4w, HA — M BT I
T 8 1 AR (AF0109) FF R AR BEALAR, I RA B KR
TEEFIHTE T -
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