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Abstract: Geothermal resources have great potential as clean energy, and can be used to achieve the goal of carbon peaking and
carbon neutrality. The Xianshuihe fault zone in western Sichuan is rich in geothermal resources, but geothermal scaling has become
one of the main problems in the development and utilization of geothermal resources. In order to further identify the occurrence state
and scaling trend characteristics of geothermal resources, this paper takes the six areas of Moxi, Yulingong, Erdaoqiao, Zhonggu,

Bamei and Daofu on the Xianshuihe fault zone as the research area, and uses water chemistry analysis, hydrogen and oxygen
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isotopes, heat storage temperature estimation and scaling trend characteristics analysis to carry out the geothermal water
hydrochemistry and scaling trend characteristics of the Xianshuihe fault zone. The results show that the hydrochemical types of
geothermal water are mainly Na-HCO,, Ca-HCO,, Ca-Na-HCO, and Na-Cl-HCO;; Geothermal water mainly comes from the supply
of atmospheric precipitation and oxygen drift occurs in most areas; The geothermal water has not reached the complete water-rock
equilibrium state, and the shallow geothermal reservoir temperature is 61°C~ 172°C. The average temperature of deep thermal
reservoir is 183°C to 283°C, and the average cold water mixing ratio is 77% to 86%; The exponential analysis method and the
saturation index discrimination method show that carbonate scaling may occur in the all above geothermal areas. Silicate scaling may
only occur in several areas with abnormally high SiO, content, while sulfate scaling almost does not occur. According to the cold
water mixing ratio estimated by the silicon-enthalpy model, the fluid composition of the deep reservoir is reconstructed. Combined
with the formula, it is calculated that the carbonate scaling degree in the Erdaogiao area is the most serious, mainly because the
reservoir lithology in the area is carbonate salt, and the reservoir temperature can promote the precipitation of CaCO;. For descaling
and prevention, mechanical removal, control of CO, partial pressure, control of solution pH, and use of chemical additives (scale

inhibitors) can be used. The research results can provide a theoretical basis for the sustainable development and utilization of

geothermal resources in the Xianshuihe fault zone and western Sichuan.

Key words: Xianshuihe fault zone; hydrochemistry of geothermal water; recharge source; reservoir temperature; scaling of

geothermal water
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Fig. 1

(a) Regional tectonic map of the Xianshuihe fault zone and (b) the distribution map of geothermal areas in the

Xianshuihe fault zone (modified from Ref. Li et al., 2018, Li et al., 2020a, Zhang et al., 2021, Tang et al., 2022)
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B2 (a. b)) REEWMESEMAFLEIRBE (FEMEF, 2015, 3KI1EF, 2016) ; (cv d) ZEFHXHRKEIRER;

(ev ) EMIMMX R SLIAFETU AR ERR A

Fig. 2 (a, b) The scaling pictures of a high temperature geothermal well in Kangding County (Wang et al., 2015, Zhang et

al., 2016); (c, d ) Scaling pictures of geothermal waters in Erdaoqiao area; (e , f ) Scaling pictures of Longtougou and

Guanding geolothermal waters in Laoyulin area
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Fig. 3 Box diagram of hydrochemical parameters of geothermal waters in the Xianshuihe fault zone. (a) temperature ('C);

(b)pH; (c)TDS(mg/L); (d) Na’ (mg/L); (e) K’ (mg/L); (f) Mg (mg/L); (g) Ca™ (mg/L); (f) CI (mg/L); (i) SO," (mg/L);
(j) HCO, (mg/L); (k) SiO, (mg/L) (data from Supplement table 1)
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to four hydrochemical types; data from supplement table 1)
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geothermal waters in the Xianshuihe fault zone

(Giggenbach, 1988) (data from supplement table 1)

HIRA T IRIRA K, {6 BH 3 Mo T B A 8 A i
TR 223K

TR ARRE MR TR A H A SRR TR B e T
K T AEALRE R AR, WA, B, ARG E
S AL Tt A8 K #2521 (Peralta Arnold et al., 2017,
Liu et al., 2022) ., log(K*/Mg) 5 log(SiO,) M {H & A]
PAF8 7~ B0 AR o ) — 4 AL A B 25 (Giggenbach
and Glover, 1992) . & 7a 2 il fff 5% [X Hb #A K £ 25
(A5 HEEHF Si0, S = IHUR) /) log(K*/Mg)
5 1og(Si0,) HLAE E, & B LT B A (1 3t $ARE & o5
IO T BB AL L, DT LUR 8 A S F0 B i
JERRGE X 3G 2 b L AR .
PHREEQCS3.0 X {431 5545 H A 5 1 T 86 11 10 A 45
H ST 43531 —0.09~0.99 F1-0.49~0.63, 1] L& H
FEAKE T i A ALIRES, I LA 9 o R B O
PRI 5% IX 356 FH - A Ak A b VR 3 Oy 9 s TR A
(Fournier, 1977) )l AERLEE, A HZ5 50 61°C ~
172°C HApRE | d 4 f & iy #uhid T 5 s
PRI Y4 91k 134°C, 129°C H1 132°C; 5§
VO AR 0 A TR AR, I TR T2
54> 24 106°C . 104°C F1 108°C . % &R {E LY
TKIEE G (R SE R, B b PAGT ik R 3] ) Ao ik
R Z GG BE, R T L — 25 ks A
(Truesdell and Fournier, 1977 )% 28 5K S fif Vs & FN
R AKIRA I (E 7b) o Al AR H X 7S i AR X Y
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SR E R 183°C~284°C, B KRG LBl
T7%~86%. Hirfr, rr 45 Hin X SF- 24 B iR 3 A K
R4 He ) i, S5 3T 284°C 1 86%; J3E 1 Ml IX -
PIPB IR e AIG, O 183°C; Ak E X 1) - 15 %
KRG LB A%, 2 77%.
3.4 HhIOKLEIRHEE AR

SEIT M R AR F AN A 7 i AR ) 32 )
i 22 —(Chauhan et al., 2021) . 4 {35 AH 76 Ho 21
IR, AT B T IR R ek ) AR
b UL B A ) A2 28 B 14 K 7 T 22 TR B4 TR A i 3
Vs e 8 I I AT Ao AR AN, 23 4T B B 45 3R (Bozau
etal, 2015), M&50 &t KET, & FEOHE LR
AR ISR 22, DT o e B AR 3 S AR 2, i i /N,
PG (AR SE, 2015), ™ 5 52 M Hb 4 5¢
TR & AR o DR e A 9 3 3t 8 0 7 L 1
FIHE B RN 2 3K 1 A A B3 A 48 5 i 7 i Iy 284
e SR X B SR L 3
341 BHELNE

(1) B TR 245 I e 4

M AR R R FR AR 25 YR W) ELR IR IR S, AR
PR BT IBIFSE (22 LI, 2004), H iz M R £ 0
D70 R B H 48 £ (LD 175 2% 14546 £ (RD) (Ellis,
1983 ) 24 5 M JI T iy FAK A B R A5 25 W Ba 4. A
PO, Y CIU BT 1 & 8w B (2258 Y i A 47
$0>25%), K FH0 I F8 200 0 Wi 152 55 45 3 7 34

RO BORHEE 2R 25 B IR X A R o

FORAHEL Y C SRR (ZR Y EE 55
<25%), W] LLR FH B 2% v 8 000 4 W ke T 845 245
Pt (FHMELE, 2012) . AU 1~5 frs (%
2) . PLHR B E FIRARHE A 2 LI> 0.5, #aRA
ZEYG, (HA T 24 L1<0.5, FoR I figdsdn, B
Ji e (R 238 Rk v, 2004) . 5 2536 45 B0 Ke
SRS 5 IR A OGP BRI B R AN A o
W, 8 K FH K f# 92 (Larson and Sollo, 1967) K 4k
B, Ke W25 80, B 2018 20 FI W bm ofE by 24
RI<4.0 i}, Z5359E % ™8 ; 4.0<RI<5.0, 4535 "™ 5 ;
5.0<RI<6.0, 4535 45 6.0<RI< 7.0, 5 F2 445
RI>7.0, A &RA S5 (Fi4E, 2012) .

SR R 38 BRI TR 28 v 8 B0 B A 7S A
X B R A 45 3R B A S5 SR e 1 TR, T
iy ARCE M B CU 22 58 X 1 A 4 8 G LA
0.03%~ 64.16%, - ¥J{H K 41.78%)F ¥ {H K T
25%, A% b IX R 7 H 4 8000 % B 4 2R, Al A
5 LI 97 2018 M 0.98, 743 kLB Bk TR A5 45 3
HARARA MY CL 2 5 i | 40 BCFYE Y
INT 25%, RS 2GR B B R4 R . g,
A3 FIE 7 L X A B PR 5 45 T e #4 kg v 4 ~ P
TE T 1 IX A B R 505 45 U R oA ™ i ~ R T L A
5 1L DX P i R 5 245 I i S5 R R~ T

(2) BB Eh 25 e 34

MR P R AR LS F EAE AR K
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Table 1 Prediction results of CaCO; scaling trend in typical geothermal areas of Xianshuihe fault zone

Hh X LI & I e 3 RI' & I s 3 R’ 4 45 i 3 Cl 24 E%
il — - 4.24 JEE 5.59 4 13.05
A bR B 0.98 N 3.90 - — &5 41.78
B - — 3.46 dEH = E 4.55 FEE 7.56
SEEES - — 4.09 T 5.45 &5 13.07
I\ — — 4.70 FE 6.13 B 13.97
PR — — 4.05 T 5.19 &5 1.79
W RPN ESE RN TFHME, MRRKITE;, 2CRBMKIHHE; “—7 BRREAIHHE.
HAME G AL Ky A E GRIES, 342 afds 8 5l %

2016) . Y Hb P AR B2 /N T 100°C B, CaSO, &
BLULA H (CaS0, 2H,0) JE A VITE . Wi A F 1 45
e A AT DL AH X A0 AR RS PEAS B (T 25 0
%, 2010), W03 6 Fron (B 2) 0 Hid logKy i
PN AT TR R, AT DUAR 4l R R e
TDS FRLE AT th (B MAEAE, 2012) o A E AHXT
TOFNBEE R.S.EYHIBIBRUE R : 2 R.S. <1 B, Frm A
L, ANl A B S Y 2 RS.> 1 B, KR A,
RIRE S E IR o Al 545 SRAT B A 5T X 4 A A
X FIEE R.SAE 0.000 004~ 0.107 368 28 4k, -1
{HM 0.014 035, R, SEK AT Z4HT B 03X 7~
R XSS 0 B

(3) FEFR L L I a3

REMRER M EEIR R 52 2%, T Lhis e e I — &
ARRE A AH XTI R EE RS SR FIWT (250 %5 2010) o
s 7 FR (R 2. ER A ALRERHIXT
XTI R R.S.AHFIHIFRAER: 24 R.S. <1 B, JCRERR
IR ARG 2 R.S.> 1B, 1] G4 ik FR Eh 35 42 Wit .
il B85 SR A H AR 5T XA S AR A X T A
R.SAE 0.119~4.184 224k, “F-¥I{H  0.587. I,
T X R EB o MK A 257 A wk R ARG . T g
FEA RERRER R (R.S. > 1) [ b AUK B i 3 2240 A 7
A MRCET T AR b X, 3 2 K 3 TR] R E
Si0, e FE S5 i, YAt 1T 282 me/L, f i i —Ab
HFEIRF| T 1082 mg/L,

ZEA VA LA AT g, K] BT XN
AN X B B A IR TR AR 255, SRR R 45 YR LT
A, RERR R 255 A 2 th BRAE Si0, ¥R B S
e ) X R AR R 28 ) o R T AR O 2%
WiR B A 2 B K b T B T i Bl ) R
fiE . CO, 4 FEAS AL AN pH H A9 AR 1k, PH I 75 20k —
oo

FE ARG AR AT R v, VAR A 45 85 1) AT B
SR AETEH AR L Th AR b, PR R R AR G
(A ASE UL ER A 53 A b AR A AE b T 3 i v & A 1 —
R IR, W AT HE B A &5 3R (5 A AE, 2012) .
A SC FEEF A PHREEQC M489 4 A 1 il 48
(S, DL Uk ok 40 Wi S 18] 9 49 %) 3 ik 0 0 bR 3
(Singhetal., 2017) . 412X 8 Fios (Fff# 27).

TE PR PG A rh LR R R R 2 ) A
TrflAT . A oA BRI ). Wi B A i
FRELH 1) B8, AT A lbak, 70
REEADL IR B 7 TR B ~200°C 1 pH 7 4~ 11 Z [H]
(A ) ) - AS

AL (B 8), Bl 2 I B2 (35 i, 3 71> Hh
X PR R R Z 1 (1 T RN B2 8 U ST AR KT 0, &b
Fad RS o (AR SR, SIR B LT 180°C
DU, B BR R 280 W) (B A M0 ) Y ST 4R Y
PR/ AR, 3 PR O AR B = R s A, CO, B
i JE 21E 150°C ~ 180°C A B d5e/IME, 24 M FA i 1A
TE MR R & A Wb s I, CO, I ARE T ek, 3
CaCO, [a] 33 1 FNANVLIE (9 77 ) R 340 B i (2% S
FJE B, 2018) o M B ML 180°C LU, CO, Y
VoS A i 78 K Af CaCOs #a 0] T 5 i, 3 BB R 6 2%
WY STAE/IN . FR A SCHAVAA T A 33 0 285 SR T
X 7S A~ M A DXOTR S A O 34 B R S 183°C ~
284°C, Kb, 15 FH it A T R R B A 3 o, 2 K YT
WA B S b R XA i HROK A AT K A R
G5

B pH (438 0 (& 9), AT X b 0K H B B
TR ER T PRI Ny, WA AR S B #d i3 T
THARIRES o (EASHE B0, AN 6] A XA i PR £
W) (LA 7 i A0 R 1)) 1k 37 IR S 15 9 pHAAEAS
] o HCHp T A b DR B PRR S B Y pH B/,
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Fig. 8 Variation of saturation index of typical minerals in geothermal waters at different temperatures in the Xianshuihe

fault zone

A 6.06; 5 P AN\ SEH X B K, Y98 6.70, AL
pH X BRI ER 256 W (9 1R 1 52 i K, pH 3
T2 FEERTRER Y AR it MR A T & A DLvE .
2 i P AR AR (R il 8 ) ) 3 (G L IR
JE) T sh g, 25 58 CO, IS A oK % Ak
J#, X RS T30 pH ., i fie i CaCO; UE (Li
et al.,, 2020b) . S HLBIRARTE pH /N T 9 B AH XS
TAYER G R R, B T3 22 A, 4T i
RS R AR A VIERE N, HATREINZELL—
FE HOR AR TOE B S ALRE BLBEIS A AN, A ] RE
PUCVE (4L, 2012) . B T IREE AL eETE
pH Mt 72 i 2 b F KA LIRS, A &5 1
PURERR R 4505

K2, BEACT ST A AR TR ERIE B 2]
H1 5 M, R R R A R AR 5 I X LU B, Bk R £
SEIG R IX E B, X SR SRR TIE A
S EEA I,
343 nRIHHE®

TR J2 I AR 4 43 v 50 AT LA B T o e ) )
W2 35 () a3 . ARG R R FURE i 5080 o

TRIR TR 730 AR T SC B A -AS BEARLAG 545 H )
TRA HLfB, 25600 v K o A R & iRk al
43, AT DATE VR 2 2 AR 4 o (2= SC 2 RN i JE
2018) o 5 HCRE b A X I SR B R P S E AR E
BEHEEE . EEE S X B RIARL N 2 PR

(1)CaCO; &5 A%

HAARTE R St B rh, 7 g Al AR T 2R
Ko AR ATl O ARG A . AR A R 9B & 27) 7T
A58 5 fift A 1Y 45 Y5 13 2 (Zhang and Dawe, 1998,
Zhang et al., 2001) ., Ji AR Mg He & 24 i 7 it
AR, X Mg/Ca EE/R HEA 0.1~0.5 B, W] iy
fift A1 A 1 3 R AL 40%(Dawe and Zhang, 1997) .
SRR MR B Hb XY Mg/Ca FER [ (1.25) KT 0.5, H
AL IX Y Mg/Ca BE /R L340 F 0.1~0.5 Z 1],
IEZh a3 10 A1 1LCREE 20) 43 BN BB & A vk B
Mg ARV E Mg 39 7 g 1 A K %8 (Zhang
and Farquhar, 2001) . H: 7 1 B2 0.02 mol/kg, fiti %4
TS H P X FROK PR ER (150°C ) AT kb 3% CHE IR
BE)TE 48 /NI N T ff A IS S5 IR R . 45 R
7N, TEIX S A b HR DX AR, J7 il A0 450 )2 B I K
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Fig. 9 Variation of saturation index of typical minerals in geothermal waters at different pH in the Xianshuihe fault zone
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Table 2 Reconstruction results of deep fluid components in typical geothermal area of Xianshuihe fault zone

2+

+ + 2+ - 2= - :
Wy [ L (C) o Na K Ca Mg — Cl SO, HCO, SiO,
B 7 150.0 6.70 994.66 35.91 109.94 20.44 26047 31044 231089  166.26
IR Y=Y 150.0 6.68 1102.21 112.24 49.65 37.23 57586 11293  2013.39  244.72
B 150.0 6.06 624.05 101.76  822.61 153.16 23135 236.10  4180.94  203.66
SRESS 150.0 647 111756  106.60  153.72 24.67 252.06 30.83 3131.62  304.17
I\ 150.0 6.70 985.47 97.30 36.75 6.92 327.72 98.29 2213.07 26221
e 150.0 6.34 928.99 78.12 299.15 92.15 39.09 78.05 382245 22623

TE: pHEA M DX 5 il A7 3k 21 4 RS A

B —ERFHBIX, K3 T 35.20 cm; BEVE | AR FIE
F M X 25 45 R B A AR K, 3 IR 9.63. 10.92 Al
19.61 cm; A MRE Fl/\ S Hi X 45 35 J5 B2 /DN, 43 )
7 5.50 cm 1 2.54 cm. H R 7E Hb R IR SR HER
T, XA HL AR X S5 55 2 BE /N T 0.02 eme i
s BAK L 2R AL T3 b i A ep, D
SEIR RSB WAE /N

(2) T Ca® W F Mk

AT R AR e BT R Ca® & L CaCo,

5 CaMg(CO;), B X PLTE ok, & Bk
Ca™ ) e B NIRRT B i )2 Tt Ak
FIH: FURE i 22 R] %) 805 R 3 25 S 2 vl O A e |
Y, AT Lhis AR 1206 3 27) 318 (Amannsson,
1989, 7 X & FI P HL A, 2018); Hirh v B 3 Lis, t Bt
48 ho AHEATHHEEVE | MrARE . M. A Sk
FITE 23 751 b A XA AR AV IR B 2R 150°C
PTRAL b T3 M R i f b, Oy A A5 h 1Y S oy
5k 86.60 kg, 26.58 kg. 804.26 kg, 116.75 kg 4.84
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kg #1267.03 kg.

IEE B BT B, B AR X A0 25 R
B h T, AR A\ SEH X B B . BT E
A TARNCE AR IR A W77 230, 208 T i
TRAE b Thasd A b & A ) — R Bl sk DT EVE
I 5 2 3 — 25 4 i RO FE b T I R v 0 3
R (R
344 ZEHHEFEH

25 LTIk, FRATAT LA A5 i e AT W Sy |
XS AR XA 1] e & AR IR ER 45T, iR Eh 4
i AT e 2 & A AE LA SiO, & 1 S8 i 19 X 3 (i
ME PR, MR LA L, ([Ef5
T I 2 T A L DX () Rl TR 4 U A R f ™
()5 SV | R4S RS A M DX IR R i 23 5 e b v
FATMCE] NN 5 i X S5 Y5 R B e 1l

TIEMHLIX T R A A R R T
ARG AR Ca” M B AR R o X B A LAY
Jir PR 3 R A X 9 i 2 o PR R 2 IR B S 3
TS TR b DX R Y T R R DL A 1 ik
REBUAR I THUE . A K s A B 20 i 4
Al e N o 32, B AR ] RE MR A7 T i 45
mm A A FNAE 5 5 4 RS i )2 (L et al., 2018)
OB T i XA i PR AR AE TR A R
i, SRR Ca B . HKERA RN E 5
B 2% I 3B A Ml IX A 7K - A AR FH AR TR pREy
IS VG 5 557, i J2 0L T AIG, 1T RE 2 52 Ca”™ i 1
P o AHE B A 1 DA B A TR 2 2 TR
25 209°C, 1L T CO, 7EK T A e /NS fift IR
JE(150°C~180°C) . K& HiHIK EFid )
FIELEE R REAIG, 72 BL IR Y Y AT R 2 & 2Rl .
KA BE CO, MR i K, &7 KEm
HCO, & 15 Ca™ & F = i, M fE kT
CaCO; B WL o B AR — 38 M Hh IX 1Y i )2 Ik A4 11
pH {H (6.06) 5K, 234 CaCO; BYVLTE . (HZTE
W I L B T AR Y pH A 23 R (4= 0= AT S
1, 2018), [H It — T8 A7 b X i )2 AR SR 9 pH X
CaCO, 4535 BTV s i AN AR K .
345 BRIEMTG

HF CaCO, Z5 35 [, 25 1 il P 288 &
ARSI NG, BHAS T HBRGE YR A% A1 I % R o
I, T X CaCO; Z5 4R EAT AL B . X F CaCO; 25
P iy b #1770 E 2R AT . REMN TR
HUBRARBR . #5561 CO, 43 % . #5617 % pH (B R

FH AR 2 5 57 (B35 7)) % (Corsi, 1986, Li et al.,
2020b) o X F KRR G, R AR T ZHET
R, R ER PR AR | IR IR PRV RPN IR 5E A
PRI T DR B AT - OMLRIFRRR o Hh iR Uk
VA ML B A T B, mT LA MLBRE AT 5 0 A B
BRIGBREEIG o HCHE S PR A 45 55 B3 FH L BE, 7T L) —
AEEAT— RSP UR . AT LUK B0 T3 0 LA
T, AR KA RS CO, B AEZ A,
T 2 ) B K A pH R I O i A5 . X
TR R G, W R K TR, T LRI
B Z, MHLAARRR . #E6 CO, 4 e | $58 il ¥ W 1Y)
pH BRI A2 A8 a8 w] DL, Fer Ak 2z a8 m
iz M2 H A 300 ik, inxtF CaCo, 45
Wi, T 2 /b B f 3 SR FH A S Eh AR RO e 791,
Jot MM WE AR 1R, I Je ) 2% R R IR — 4
AR 7 %I CaCO, 53R R 2 T K4 SR
(2 7 FUE 48, 1995) o KAk, 38 BT LLAR I nano-
Ca-DTPMP ™ YA il 71, f# Ca® B 134 Ji () 1k il o
BEAR, TEIA T Ca® B 1 B A 76 I TR HE K, DA 1T ik
2% CaCO; TLTE 1Y % (Kiaei and Haghtalab, 2014) .

4 g

A YRI5 B T K T W 24T T B BEVE | AR
B IR AR N SERIE B S HU A X
POKE AR B, FFE T Kb SA RN % M
SEIRAIRFIE AT, A5 H LUF DU S 458

(1) 7) 0T WiF 224015 b K pHL {RL A 55
FEHE 7 Na'fl Ca®', FEBHE T HCO, #l
Cl™, 7K fb 2% 28 B 3= %2 Na-HCO;. Ca-HCO,,
Ca-Na-HCO; Fl Na-CI-HCO, %!,

(2) F AR R FFIE R W, Hh oK FEoRIE T
KAFEK B B IR X & T AR A,
H: FRR A T e X SR RS B S A L, R
IR A HiL DX 8 7K -2 S 2, G 4% il DX 0] R X

(3) I PUK AR IR B S LK —F-FAPIR S . %
HIRE TG I BHAGEIRE R 61°C~172°C, T AE
L BE SR 183°C ~284°C, ¥ /KIR A L7
HH 77%~86%.

(4) 38 B0 BT AR A BOH 51 A5 s ff 7k 3T
Wi 47 7S A HU A X 2 v RE & AR AR R R 2545, RETR
EREEIR T RE 2 R AEAE LA SI0, & 5 55 &1 1 X
(AR E Ay, R L 455 LA & kA4 . i
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