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and deep hot water migration, is the most densely distributed hot spring area in Jiangxi Province and the most
important heat-controlling structure in southern Jiangxi Province. However, the current research is limited to
scattered geothermal fields without the origin of geothermal water from the scale of regional tectonic zones.
In order to find out the origin of geothermal water in the Shicheng-Xunwu fault zone, 14 geothermal fields in
the Shicheng-Xunwu fault zone have been studied by means of hydrochemical components and isotopes. The
results show that: (1) The Shicheng-Xunwu fault zone can be divided into three parts: the Shaowu-Shicheng
fault in the north, the Huichang shallow thermal rise extensional structure in the middle and the Xunwu fault
zone in the south. Geothermal water is controlled by the above three main faults respectively, and the activity
degree of the fault zone increases from north to south, resulting in great differences in the heat storage charac-
teristics of different geothermal fields; (2) The geothermal water belongs to neutral and weakly alkaline wa-
ter. In Shicheng and Huichang basin, the cations are mainly sodium and calcium ions, and the anions are
mainly sulfate and bicarbonate. In the southern Xunwu fault zone, the cation is mainly sodium ion, and the an-
ion is mainly bicarbonate. The hydrochemical components are mainly derived from water-rock interaction,
and evaporite and silicate rock are the main source of ions; (3) Geothermal water comes from the nearby re-
charge of rainwater from the surrounding mountains. The apparent age of geothermal water in the study area
becomes longer, and the hot water age, the ratio of mantle source material and the heat storage temperature in-
crease synchronously from north to south in the tectonic belt; (4) The hot water in the fault zone is immature
water, but it tends to mature gradually as the fault zone extends southward. The heat storage temperature rang-
es from 54 °C to 144°C, with the lowest temperature in Mianfang, Shicheng, and the highest temperature in
the east of Nangiao, Xunwu, showing a trend of getting warm to the south, corresponding to gradual increase
in depth of hot water circulation to the south, and the maximum depth can exceed 3 km (east of Nangiao,
Xunwu ). The spatial differentiation of geothermal water along the fault zone is obvious. Water-rock interac-
tion intensity, geothermal water maturity, heat storage temperature, circulation depth and water age, earth heat
flow value, magmatic activity and seismic activity are all related to the active degree of the fault zone, and in-
crease with the southward extension of the fault zone. The Nanqiao East geothermal field in the fault zone
has the greatest potential and can be used as the priority area for high temperature geothermal exploration in
the deep cycle of the fault zone.

Key words: Shicheng-Xunwu fault zone; geothermal; hydrochemistry; genesis model
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Fig. 1 Geological and structural sketch of the study area
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Table 1 Basic information of geothermal fields in the study area
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Table 2 List of fracture characteristics of major heat—controlling structures in the study area
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Fig. 3 Distribution map of sampling points in geothermal fields in the study area
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Fig. 4 Piper diagram of geothermal water, cold springs, surface water, and rainwater in the Shicheng-Xunwu fault zone
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Fig. 5 Na-K-Mg diagram for geothermal water in the study area

Fig. 6 Cluster analysis dendrogram of geothermal fields in the
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Table 5 Correlation coefficient matrix among geothermal water ions in the study area
Ca™ Mg K Na' Cr SO~ HCOy F SiO, TDS
Ca™ 1.000
Mg™ 0.504 1.000
K" 0.726 0.703 1.000
Na' 0.689 0.339 0.586 1.000
Cr 0.322 0.355 0.303 0.592 1.000
SO~ 0.810 0.282 0.527 0.546 0.038 1.000
HCOy 0.520 0.555 0.656 0.739 0.691 0.263 1.000
F -0.280 -0.254 -0.225 -0.042 -0.027 -0.188 -0.028 1.000
SiO, 0.046 -0.310 -0.009 0.407 0.352 -0.126 0.372 0.271 1.000
TDS 0.816 0.446 0.680 0.918 0.625 0.645 0.785 -0.095 0.290 1.000

S i U R OK b T I AR A R (T
2023) o % B E AT B FEAT - B W R o e
LB 71 XE LU A T 7 A S R 2
M, SRS DX L B K PR S 1 T2 R RN 4 DA TR
Zea e =TT RE TR 81 52\ N e =B UL R )
T BURTRGAGER , WO T BRAE b B FAEE .

3 Wity s HORIEPRRFAE

B IELRE O BR R B e b & A ) TR S 1
PR M ROR AR R RRAE , A1 5628 X 225 SRR L
%6,

xo6 MAEERE BRREAEFETEX

Table 6 Formulas for reservoir temperature, circulation depth, and elevation effect

RN

ESENY 275 3k

TR BRAPEEAR(C)

T 5.19-1g(Si0,)

1309

—273.15 Foumnier, 1977

T=-44.119+0.24469%(Si0,)

JLiEbR(C . . erma and S 99
ABERFR(C) ~1.7414%10 - 4(Si0,), +79.305*1g(SiOy) Verma and Santoyo, 1997
ERERAR(C) T= B2 27315 Foumnier, 1977

S HEmAN 4.69 —lg(SiOZ) oumnier,
y o T- To y S
PEFRE (km) H=100 2 +h TEAERA 2, 1990

6D =-25.11-0.047H
0"%0=-4.82-0.0032H

A AR B AN (m)

LiJLetal., 2017

3.1 AMERESEINRE

K AR SS G log (Si0.)-log (K /Mg)
B 7) , AT FE SR A OK h S10, I AETEIE A iy 2
fith b 25 I IR RE (TR, 2018) o BHES il brad F
T KA AE FAH X 78 49 1) o #4 H (Fournier, 1979;
Fouillac and Michard, 1981) , 75 76 H & 7K 5 Mtk
A FEERE FW I (Fournier, 1977) o b 4h , % FREXS

TR AR AT ) M HOK = A R AR IR A IR AR A
e (7, 20193 AR F 2145, 2021 ) s R Z 0 Y F
5 Pl #% (Reed and Spycher, 1984 ; 7\ (5 2= 1 SR 2144,
1999) ATAE Ay b il il A A TR -G A A Bk o i A
R W] 25 X M AR R RE HEA THAEL (
AR 2023),

WFFE XK H Si0, [RI I DA 3 RS T2
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Fig. 7 log(Si0.)-log(K’’Mg) diagram of the geothermal water in the study area

FEAE  ANBE TR —IRAR S 4518 45 G B G I, R
RUCZRIRPUR  BOE BOCZE R R A e ilibn 5 &
BEMRAR I SBEAE R PAHIRE (4 8) oA - T S WY
TR TE 54~144 cCZ ], e IR AE A 3 37
I IR AE T SR A, B 1) R TR A A X
Dy T T2 ) e T R R

P EZE/RE Sl A k=N 2 eI
fiffr ERE RO s A A A9 FMIK
TR SR A H DL )/ PHREEQC Version 3 R JEJT
B, 2210 I B - i AR £ (SD B (151 8) , 151
I FAE I B A 5 AR A A IR — B X I B
TN A0 RS A T PRI, R
WA IREBL Hi -2 B B - B AL 43 5]
1£50~100 °C.50~150 °C % 80~170 “CIX[i].,

b FROKTE TR b R b 27 PR 85 P i i 1Y SiO,
A A7 B Vs A R i 2 R R SO, YT A
TR s (ELX B A3 HOK ZEIR B R AN 2t
SiOAr i, Bt T oK A “ 1042 H R 2 A IR

FE B D RE o S F UL R SR Ak P A B T A
R BOKIR A HA] AR B VA 7K K3 N Si0, 15 7
AEFR R R A, BRI SR KES A S0, SRR
MUBLA B W TE N E LR IE KX HLAR S A R R
JE M2 AR ZE T 1, C o2 a5 I X I AR (L B Ay T 4
TKIRINE 2R B AB 54 By AC KB 1 EL AR P A
K IETR A 7K H B L (1] 9) o Pl kA T v 2600
BRI R AT AR L R AT VG b TG A8 A0 M s b
PRI A TR 7K I H 91 5 57, 1T 3K 85.44% ; ¥4 1 4t R 40
T WAl TR G AR, 541K 20.93% o 3X K W]
5T DX PRS0 A E R TR A B0 S, HA R 7 bR
AAEFEE (7).

PEPRUR BE A B s_ B e F IR , i 5T
Xt 4 FE A5 L 009053 288 I S e TSI 174 b A0 3 L
VLV -4 M B B 23.83 °C/km, # M SF-2 Hb
MRBRJE 33.6°C/km (=22 £L 755, 1992) % B H| 5
DXl A FH 3 A A 8 M T R T A v v O BB DX, PRI 1k
K FH M H RS B - BR 3.59 °C/100 m A AT X AL
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Fig. 8 Simulation diagram of mineral saturation index in geothermal fields along the Shicheng-Xunwu fault zone

IR R () P SAE R R T o Fh B TS RE A
SE ML HOK G PR IR A 1~3.5 km 2Z 8] (42 8)  Horbgg
YR BEE AR vk 7 1~2 km; Hi 42 -2 B -
1 B KA R B WA N, e K] Rt 3 km
(T SRR ) o W 4HE M HOK I B R R AR 5
JEIRR | 55 2 R0 B Rl R T A R 1
P (A A3 L B ) AN A R A
PRI X IO e R B M A P JRE R P (R e 37 750 3
ER G 0 LR 5 6 A A VA B R B A
IRUREE 1 BEL 5 W b 1 110 3% R 88 8 B A G
% DX A X S5 TR R T ] 8 - R T S A 0
B, 2807 T hn B 2R B Dok 1) 22 B R 25 ] #4) 1 iz
By, X PN IBT 2R R AT R R T R R i
LR B R 15 32 2y, S DX R ot W 24 T
T A5 P b H EIGETRL T IEIAIR BEAEA
3.2 #MAKRIESHMATTE

R S SR 37 28 %) i AR AR, ] B T AR
UATEFE(LI T Letal,2017) S BRk KA BEK L
VLV KA R AT 40 BT, 22 T F 5 [X b 3R
KB SR UL R K B R R R 2R A3 A B (15 10) o 7K
FEAT T ALK LR 5 2 b R K ZR BT, 2 I AM A R
R KA S T 5 WIS X M ROK (R A R

4 248.72~896.88 m( £ 9) , AR FMBIKCK A A 1L
ik B4 58 0T o AR 5T DX G A 3ok B AR i Ay 3
Jik , fo e W XS N A T A ik B S A T AL B A A
b, EE 1389.9 m, S H = T ER L R & P
BOPHR AR HIY AR FRAEKABRNG 512
DTRR SR R 5 i ol F e = B = WL T =i e L
H PE RS T I REAG BB 23 B A R, AR
A T PG ABUARE , DRI b 2 She Dy 235t v 00 o g 1)l
PR IR DX 0 - % B ) e 06y i) 3% — 4%
A& FAR I LR, F2 IR 1529.8 m, SVAHLIE B
PO, AR M 2 Rk B e U B YA A AL
A5 FF R AK X5 A 22 (8] A i
2, WRFBEKAB S SHRIEAX et T 280
K44

FHECVE SR AIRR 7K, Bk i) S 48 R o AP
Pt , BB B0 A R R IR I 4, R W A
KGR T 2 T HIX B A AR T e,
i KA e bey e A Gl VA et QR (B S22V i RTA O
FAER (TR, 2018) JARRERR ER A BBl A HH K A 4R
[F] {37 28 3¢ 4 i 7 3 b F R h A (1 S0 4
1991), IR ) SRR LG AN, UEBH 3 i A
FERBOR AL B R TR R R RS
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Fig. 9 Silicon enthalpy diagram of geothermal field in the study area
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Table 7 Mixed calculation results

P 431X HhFA FH 25 HbFA FH 44 TRABIK (%) “PEKT ELBI (%)
@® A R 46.24~70.91 29.09~53.76
@ Al B 46.12~70.55 29.45~53.88
A @ Ak i 66.72~85.44 14.56~33.28
@ bl L 42.07~52.86 47.14~57.93
® A I R 55.36~78.82 21.18~44.64
© A ILAE 45.70~57.07 42.93~54.30
@ iy Gz 1l 58.16~67.6 32.4~41.84
T — Fii & TEAE I, JEAE I,
e b ©) B 42.56~59.36 40.64~57.44
© B 78.54 21.46
@ F5 A 38.57-76.45 23.55~61.43
@ S AEATIYE 20.93~30.71 69.29~79.07
Ty (E] SRENE i JEAE 88 JCBE I,
@ FEMEAR JGAE A, JEAE M,

8 AT W R MO IAGE IR 5P P AR L

Table 8 Reservoir temperature and average circulation depth of in the Shicheng-Xunwu fault zone

HbFA H 2 HuR 4 B O (C) PAHIREE (C) TEPRE (km)
@® g 41 80 1.685
@ e 39 71 1.420
) 55 27 55 0.975
@ 1L 55 83 1.750
® iR IE 42 90 1.950
® JUZE 58 95 2.090
@ LIl 33 58 1.080
® e 41 126 2.920
©@ i1 52 108 2.460
@ B3/l 35 106 2.400
@ (B 37 97 2.135
@ £ 74 111 2.550
3 (o] 44 112 2.570
@ AR 54 144 3.450

3. 3 IKEW 5 iR SR R EL 6

A 3 PEAS HHOK FR COL R C AR B A i PR A
RS B PR () L, AT LA s A b ROk R CO,
R, FIBT IR EBIG IR AR , SE 1B B s HOKAE R
T 5T X MK C 5 50 1.04+0.04~45.76+0.17
pMC, Xf i Ay M #4 7K 3% W 4E 1% o 4712.13~
36403.16 a. H Wy 2477 1 #4 FH 8" Coon 2 W) DR 15 TR
TR T EC AT (10, BAR A W TR S i

HOKS"C 11 F= B UE P 2, (H M HOK At A7 TR 1
TE) Jo 2

S5 G A B AR AR, vl LUE R 3
At 1) B AT PO A IS 5 R I B (R0 1S R
O A iy A R A P G A SR R S, HL b
ORI C A 5 AV TR S A M G, e B IO
BRI (R B T R A )RR R AAGRE T R oA
eI B A 1L B UK e AR RS AR 24 5000 a,
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JaR At r S B A, DX b AR AP i R T
LT 4 JR S 2L R U B o 2 B 10 55

BB 1Y) LA X AT

b BRI B g SRR, LS C R 45
AT Sl 10 B 08 EEL b A R AR )7 217 B
HEREMHE, m b 73% x5 TS B850
U4 |5 A A A TR R 2R U)o b #ROK 11 T
A R BT o BIFE 1X.6" Ceon IR FRAIE 5 TR HH Bt T 224
A 111 T B T 30 3457 39 R 1) i 34, UK R B el Tk
T AL TR T B SRy o DA TR G R A T A
FE X o TH i o BT ABIEGE 2 B, b HROK AR 43 U
TRA HFE N VRS (90 177 55, 2014) L TE
AW FEHAF BN T 56 UE o W 3 A B i T S R AR
Hi FFH 19 67 Con ZEWE N B0, 1B T 12 b AR 1Y

F9 MHBIMASERITHEER

Table 9 Calculation results of geothermal field recharge elevation

A i 5 Hb B 24 A a5 R (m) 8D 5 (m) 8"0 i (m)

) AR B 321 358 666

@ A L B 338 392 703

® VAR IRIIPN S 263 487 897

© AL 241 373 669

© AL 216 304 606

@ LB 220 449 828

© SR 550 596 803

@ FE A 294 411 750

@3 LR 150 249 531

) F LR 239 397 622

F10 HHREARENMERKER
Table 10 Carbon isotope and water age in geothermal fields
LT R (p:fc) SUER () o) B(PCDB%'? 5(},%3{"2/1)“

@ A be i) 48.07+0.17 4712.13 -11.8 63.84 36.16
@ AT L B 45.76£0.17 5119.26 -14 72.76 27.24
® A G R FE 6.910.06 20747.54 7.4 40.24 59.76
© AW 9.96+0.06 17725.06 5.2 24.99 75.01
©) LB 3.69+0.04 25933.78 3.6 15.97 84.03
@ S5 £y 23.70+0.09 10558.42 -10.6 47.48 52.52
@ FE AR 1.04+0.04 36403.16 0.8 -7.62 107.62
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SC YR M TR, AR UE T WS R TG I IR A
K, R B R A AR b A ELA e K HE R A 3
=R
3.4 EEBRRA S BHIEHLFI

B ZE A (2020) N W R 1l T KOS A B
Za b B BRE R 5, 2 I R AR AR AR [ D i
(2018 N R 2 B MUK 24 5 16 1 A LIS A
TEFEAY N o Li J L et al.(2017) % N3z &+ 00
K Z2 BB T w5 e H AROK B 7 ] A S (H G
AT - () ELACI VA . Fh o] LB 5 X i = AUk
b 24 1 BE X 25 7 0 U8 1 3B 99 . A BF 5% R A Origin
2024 22 AT WA (1] 11a 11b) BEIR - —Ju Al
(E 11e 11d) (B F il e R B (E] 11e-11h) I J@ T
A3HT A S E TT LUK 25 5 T RER JE TR RN B 4%
T R R ELAET W, A6 7 T W b BROK A 27 20 3 A R
(LA _F (Gibbs, 1970) K56 = Fh 3= 22 AL AL (R
MR EL RIRER FN78 5 WALV fif ) X b T 7K i B
B BT, I 7K Ak 2 ) ot B R RT e ke R
(Sheppard, 1986) o

WFGE 200, KA 3 B0 A AE 7K A AR T IX JE
Bl , 4520 A B 178 A S RERR 5 KUAKIX IiE
A 30 - 2 I 2470 b HROR AL 24 41 43 T ORI F K
FAAHEAER, HZE R A S A e F 2 T
(& 11a.11b) (Liu R et al.,2023) .78 & ATEPF 5 X
DIt & Ak (k3 5%) iR ER (44
R AT S ) SR LR E 2 S8 2 Y b s
2R R R AR A 5 7 i R R IR 5 IR B
O FEAR 1 A bt 6 S R BRER A 1 L
—— AL R UA SR T T KRR R AL £ Ak
B PRHOF 585 B i (Liu S S et al.,2023) ;1]
DURERRER A MBI 5T X 4% 1 o 1A o S B A0 4
MK Na™ (K", Si0, i 5 22k i (Wickman and
Richard, 1981 ),

Wr 247 OKFE 253 A 7E (Na™+K ) —CI & T~
77 (Ca*+Mg*" )—(HCO;+S0.) £k [ Ca*—S 0.4k
o IR 2(Cat '+ Mg ) —HCOs [ o f1 i 4R o
A5 (1] 1le-11h) , 2680 Na' F1 K BRE A 85 i@ o1,
I 32 p A R R A P ) R A S R I R
(Steiner, 1970; Sonney and Mountain, 2013) , H
2B 1T AR Y A oK SRR B

LR T S B AR ZEMER AR NFEW
2 o Ca +Mg” Il HCOs+S O, 1 56 2 &1 4 W 4 6
B FEOR A T B EERRER Y I A ( Sriniv-
asamoorthy et al.,2012) . 7£ Ca*+Mg* 5 HCO, K &
Elh B 5 H = am /K& & BB e, Ul
B Ca™'+Mg™ B 1Al etk | T 1 = A I i
FEXAFTE S o A L2 HLAS R i B 2 0 A
ARG FE AR B RS (25 2018) R4
& O IRBR L RS R POURTEZ RS
T4 3 AR S5 AT A2 op il R S e 45 W T Ak A
oA S0 7E Ca 5 SOS KRR K (& 11h)
T R A LU 9] 5 A5 g~ vy, 3 ) L B/ At IR AR
TRV T 202 A F I, vTRBIR R A
R A I XA B A SR B AR (it A
2016),

4 W Zdaty M PRt RIS X
AF 5T DX AR 45 B b oK R RS 2 1] I
P11 12w bR ARG R O TR R R
REAE B O A= 3 JE R T B A R 5
(Rybach and Muffler, 1981 ; X Hii#F45,2019) o 7 35 -
- Vi AT b B FH TR J 5 W S AU T S AR
B A AT R G G AR A b A -
Sy RARLEND 7 m o b AR SR R 1 R 1
L7 ) — B A2 S5 WA PG [l b i 1) 3 e IR )5, ik
AR AT 7 A Al e L B U S A T IO A 3 . JL
Z R TE IR B AU AR Il kAL ey A
POK PR EA L, P2k 24 ) Hh %02 85 =
B AN A0 k- - R T B A N S, IR
A T EW, RSB LTS, mEE
P TR T AT 3 b T K IR 2
Fe AN R], 51 R T2, TE R A 2R , $A0K
FeEE /N ) 285, DATR SR T X HE
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