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Abstract: This paper is the result of geothermal geological survey engineering.

[Objective] In order to develop and use geothermal water resources in western Sichuan rationally, it is important to study
hydrochemical characteristics and genetic models of the geothermal waters spatially linked with the Xianshuihe (XFZ), Anninghe
(AFZ), and Longmenshan (LFZ) fault zones. [Methods] The methods of hydrogeochemistry, reservoir temperature calculation,
hydrogen and oxygen isotopes were used to estimate hydrochemical types, hydrochemical processes, reservoir temperatures and
depths, and recharge sources of 48 typical localities of geothermal waters (or geothermal springs or drilling holes) located around
these three fault zones, and reconstruct the mode of their formation. [Results] (1) Hydrochemically the geothermal waters are
dominated by HCO,—Na type in the XFZ, SO,~Na and Cl-Na types in the LFZ and HCO,-Cl-Na, HCO,-SO,—Ca-Mg and
CI-:SO,—Na types in the AFZ. (2) The composition of geothermal waters of the three fault zones are mainly controlled by the
dissolution of silicate minerals and ion exchange process. (3) The temperatures of the reservoirs, their depths and the cold water
mixing ratio are, respectively, 129.6-210.6°C, 2532—4184 meters, and 66%—82% for the XFZ, 81-121.9°C, 2155-3519 meters, and
52%-95% for the AFZ and 108.2-153°C, 3573—5654 meters, and 68%—89% for the LFZ. (4) The geothermal waters in the three
fault zones are recharged by meteoric waters derived from elevations at 2493 to 5034 meters in the XFZ, 3235 to 3839 meters in the
AFZ, and 1628 to 4574 meters in the LFZ. (5) The degree of the “6'%O drift” of geothermal waters in the XFZ is higher than that in
the AFZ, and the geothermal waters in the LFZ exhibit characteristics of “§'°O drift” and “negative drift”. [Conclusions] Our
results show that among the three perspective areas of the Sichuan Province, the Xianshuihe Fault Zone possesses a higher
commercial potential for the exploration and utilization of medium-high temperature geothermal resources compared to the

Anninghe and Longmenshan fault zones.

Key words: fault zone; geothermal water; hydrogeochemistry; geothermal reservoir; recharge source; formation model; geothermal
geological survey engineering.; Longmenshan Mountain; western Sichuan Province

Highlights: The characteristics of hydrogeochemistry, stable isotopes and formation models of geothermal waters in Xianshuihe
fault zone, Anninghe fault zone and Longmenshan fault zone of the "Y" shaped regional tectonic system in western Sichuan are
revealed, which provides a theoretical basis for the differentiation of geothermal resources development in this area.
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Wang and Zheng, 2019) . HiFAHE H 7K IR G AT
FU, KRGO A RE . 7K
2 P HRRAS . PR L BB S M b B R 1) A2 2
53(Li et al., 2019; TEBIHSE, 2022) . SE4Ek, M
5 A0 AT 4 22 R R R U I 0 — S B Pk 6, 2 AR
FRSLTT A MBI TR, A 0 B2 iy I BH M AUK
A9 A A BLH (Mongillo and Axelsson, 2010; Haehnlein
et al., 2013; 5K =%, 2018)

IR ST b BR A2 R R A0 31— LR A A A
A ML A 0% (Domra et al., 2015) . Hi#h
T B P2 P A A AT DA 7 T 7K A 7K A2 40
O BTN K —A AR AR FH, 17 EL AT ARk 4
PEFAHLA . A AR AR | TR E R R UK
5 K TR A He ) (Asta et al., 2012; Li et al.,
2018; Zhang et al., 2019; JiM4 55, 2023) . FREE A fL
0T LIR T /K RT3 K AR S, L
1 6D-6"%0 [FIf3 2 T UM 7R B MK R R b 45 SR TR
F TR = AR B B 2257 (Chandrajith et al., 2013;
Taetal., 2019; Li et al., 2020; & /4%, 2023)

PG S 7RI T 27 | 22 7 InT W 24ty Al ] L
SUFTER GBS FIE R T Y FRIM SRR, &
TRR W N | A s, AERE N 15 A
Bl S HE SURRAF 3 S BN L 2 B4 A, AU
SRS 22 R, TR I AR AR R I BR ) b A R A
o TR K AGE sh A (T S8 ik AR B, 2000; B2 E 2%
2009, 2010) . FIAT, £FX}F 3 27 24H7 b B4 1) 3
BRAGF R AE AL R AL AR 9 EL Rk T 40 4F
FAFI K SCHbBRfb 2 A ] 57 2 DL SR 0 T i
Xof B 7K T] DT 24 B K 8 7K A2 REAE B R R A T
TS, & B AT W7 24 1 T SR b A G 1) B AR 4
e\ e, s ZIERF . MR IR IX, AR
R 7 DX R A A I 0 IR B, A9 TE R
HCO,~Na-Ca BZK FLHA X3 HCO,—Na BU7K, If:
W5 i K TR Wiy 4 s B Rl 43 Shy R S A SR AN [
A R G5 B AL R ik ol =B R AR i
. DREBHL T HOK R R RN KA IR B — %
J5RE A T S b DX P AV A R ) S AR AR T L B A
T FNTRER 1) 28 = B AR <0 BRI, TR H AR #h
SRR T e R A HOK R AR K (k5 ik ) (TR
A b g GIEAS 3E, 1981; B4 PK AR, 1984; Luo et al.,
2017; Nukman and Hochstein, 2019; Li et al., 2020;

Cheng et al., 2022; = 245, 2023) . XRA=(1987)
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FIAE R = K0 Bl B AR i 52 4 8 A (0 8 46 55
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Fig.1 Tectonic map (a) and regional geological map (b) in the study area (modified from Zhang et al., 2017)
(Green samples from XFZ, red samples from AFZ, orange samples from LFZ)
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F A R RN E B VY AF 4 S HUKIX (L et al,
2020), P A R ORI A K KRS
AR DA A LA RS DU RN BUZ A5 . T T 2
N FUIA R ZEVG B —a, IAETEET N &, M
AUy, MR RS R T BV S, g
PEARRIRE A AR (BRI, 1994; 5132, 2018).
Jei WA LR T, M E RS, H—RIKE
SEAT T 3 S T O W AR B, TR SR o A
A LU T IR —H7 AR 3 (R BE AR, 2021)

3 A5ty v, S KIRT T SR Y Ml R U
KB, HHOK W2 2 e ek i8R, AR 80 4k
b, MR 10 X F, 2o — SRR R o 2T K
U A A RO 2 Ak, s AT 6 Ab, TR RANE R T
BRI M R sl g7, fER T P S
Z e R, LRI SR o 320 el T e Ry
HEEA TR 4 40, HiFIF 6 4b, iR IR 2 EE R
N7 ELr 2, T s A =200 e T T Ll i e —
ZELW oA, 2 PR R R . o, K
SRR EAT 43 DXCRFAE, e 2 K 3G gl
JEE 2 A ek 5, L PR AT B R B A1 A I BN
UG FA AR ATE S5 (2R IE4E, 2018)
3 FEMBSREE S5

AU A KT T80 | 2 7] T 2445 FN
[T LI T 2T SR AR RS TR IR . M AT i I 48 4
Hor 12 4153 51F 2014 4E(5 41) F1 2017 4(7 4H) %
T K B 2T, 8 41T 2020 4F 10 H Al 2021 4F
6 H R FEA W24 (1 4 27 I (2 41)
el JLLIBrLT (5 20), Hor 36 ARemdidins B T8
RFRBSCHR(E 1) o FEI i HEE Multi3630IDS
EH#EX 2 SHOK AT IR | FRIRRE (pH) | 77
B AR (TDS) #E470125- 0 2 , 31 H HNO, HF ek =
PG I A2 A 0 % HCO, & o & ¥ /K B iy S £
0.45 pm IS IE, ¥ 550 mL =% B ZIRITE
ME e = R W I B . BOREE S 40y
BT ER U145 4 b3 e TR AR R AT BR 98 Rl 58
B, SRR AT F H L TR} 2 B K SO T3
BE SIS BT e . BRI E (K Na',
Ca’"fll Mg™") I 2B+ (CL ., SO, ) 43 lid 1 HL
JEAN A 45 B TR & SO L (ICP-OES, MR
0.3%~2%) Fl 5 F {031 1 (Diona ICS—1100, 34

& 0.2%) 4700 5 43 B, R Aar 7 15 22 11 T 5%
AR R 5 Bk A s R AR e 2 — [ &R T
{53 (HTC —IRMS) % H1 GasbenchlI [7] {7 & HE
J 1% (GasbenchIT-TRMS ) 32 1l % , 45 SR LA 2t 44 b
YE - 24908 7 K (VSMOW) 78 R b i, R F A% 48 1)
6(%o) Fern ik, 6D A1 60 A NIRHKE BE 35110 1.0%0
F10.2%0, 7KALZEFN 6D-6"0 [l RLERWZE 1,

4 R
4.1 FKTHIBRIL F4HE
4.1.1 RACF 0 AT

W 2R s BRI P 7K A 2 1 B BT R K A 27 B
43 (3R 1) IR, SRR WL | 27T W4t A e ]
Ly PRy 2 b PR B IR 2 S L4303 R 26.3~85°C (BF
PIE 54.6°C) . 25~62°C CFH4{H 40.8°C) Fl 24.5~65C
CEYIE 40.1°C), BF /K InT W7 24315 AR TR 3 T %7
TAT T2 I ] L DB 2Ry, 3R D v R K BT B 7
AT 4 B TR R . K TR 4AT | 28 T
HERUE T 11 W7 24545 b A K /9 pH Y 20 31 R 6.5~
9.5CFYIME 7.3) . 6.8~8.3FI(H 7.6) Fil 7.2~9.3(°F
BI(E 8.2), ¥ 5 B 55 B M K R AE 5 9% i P R 1] 1A
(TDS Y535k 239.1~2822. 1 mg/L CFHAHE 1205.6 mg/L ).,
810.8~4641.8 mg/L( *F ¥ {H 22629 mg/L) Fl
68~16990 mg/L(SF-¥J{H 3611.9 mg/L), 7 A& /K
S, B T 1L SR >4 1 Tl I At > i 7T W
SLHFRFAE, AR AT RE 5 0] Ll W7 5404 TR 48 58 Pk
Z R KKA (LRI, 2021)

HiFIK B Schoeller ] (&l 2) F B, i 7K Jn] K7 24
WL HOKBHE F LA Na', Ca™ 3, I F R 2 RN
HCO, H1 CI'; LWy UK FHESF-DA Na*|, Ca™
K FE, Mgz B+ F % HCO;4 . Cl'. SO,™;
Jel Tl B 28 AR OK FHES 5~ Na'™, Ca® 32, 155
TEE N CI, SO, HCO, &N/

HRAE 3 N 3 T b HROKFE SO FE Piper [ H ) 43
AFEAE (] 3), MUK Kb 2F 2 22 S g, ff
7K AA] Wy 24745 7K Ak 2= 2 AU 5= % HCO,—Na-Ca il |
C1:SO,~Na %! . HCO,-Cl-Na %! Fl HCO,—Na %I 4,
H L HCO,—Na U 3 o 42 77 ] Wy 2471 7K Ak 2%
A1 A HCO,-SO,~Na il | HCO,-SO,—Ca-Mg ! |
HCO,-Cl-Na | C1-:SO,~Na RIZ5E LR Jp )]
L1 b 2471 7K Ak 2425 Ay HCO,—Na %! | SO,~Na Al
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Table 1 Analysis and collection results of geothermal water hydrochemical parameters

SR 4R 7/C pH TDS K' Na* Ca* Mg* HCO, SO, CI' SiO, 6"0/%0 &D/%o KA BT
BRI RY 64.0 6.8 1871.3 43.0 310.0 1383 37.1 930.5 1512 198.6 751 -10.8 -802  HCO,Na-Ca
R 62.0 6.7 2822.1 100.0 575.0 139.3 359 12692 145.6 453.8 1279 -11.5 —90.7 HCO,—Na
RS 53.0 6.5 2248.6 58.0 360.0 161.3 58.4 11044 1472 2872 876 -11.0 -822  HCO,Na-Ca
Tz 635 — — 106 1258 563 202 4972 605 208 - -127 -886  HCO,NaCa
HLR R 510 - - 92 2956 23.1 113 7504 187 981 — —148 -105.1 HCO,—Na
WE T 4R 85.0 — - 422 3183 546 162 7717 53.7 1802 - -153 -1154 HCO,~Na
TP ISIRRS  s3.6 - - 259 257.6 484 75 8388 156 734 - -169 -1258 HCO,~Na
bl RS RRY 548 - - 273 2602 737 144 9852 127 734 - —164 —123.3 HCO,~Na

HOKBISHRY 503 6.9 1009.3 30.0 270.0 71.1 164 897.0 65 649 1254 —159 —1193 HCO,—Na
HOKIR2SHRRY 62,0 6.7 13158 32.0 3400 802 134 11288 50 833 1489 —16.7 —125.9 HCO,~Na

. %ﬁ%ﬁ;ﬁ/&iv 63.0 — - 1.1 1619 29 0.1 3813 125 92 - -179 -1319 HCO,~Na
e ZIEMRRRY 438 - =215 1235 2451 493 12200 1128 433 -~ —149 -lILI HCO,—Ca
CHEHRERNAERR® 500 6.5 1080.0 224 163.0 207.0 362 1064.0 50.6 554 460 -155 -117.0 HCO;Na:Ca
M2 5 iR 460 — - 304 3156 1102 192 12510 253 788 - —17.0 —-1274 HCO;Na-Ca
M35 iR 380 —  — 314 3297 1054 194 12660 23.8 802 — -17.0 —128.0 HCO,—Na
Hi kIR SR © 740 —  — 549 5025 484 332 14520 265 2283 -— -—164 -—127.8 HCO,~Na
Pl SRR 719 - - 226 2746 445 1.0 9181 73 429 - -1824 -1389 HCO,;—Na
PHE2 S iE R 56.1 — — 812 4713 66.4 385 19400 143 353 - —183 -1399 HCO,—Na
B R R e 460 — - 152 109.7 131.7 385 9456 219 33 - -184 -137.1 HCO,NaCa
i e R 53.0 — - 120 1905 663 132 8541 102 108 — —19.0 —143.7 HCO,NaCa
YA=PAR-E A 490 — - 114 1521 69.1 96 7168 133 88 - —185 -139.2 HCO,Na:Ca
b )R R 400 - - 113 2902 75.8 11.1 11040 149 198 - —181 -1393 HCO,—Na
JERFi iR 480 — - 152 5215 372 119 1681.0 380 27 - —19.0 -144.1 HCO,—Na
INBROKRIR® 26379 2391 46 120 47.1 85 1831 354 - 521 - - HCO,—Ca
KPR RO 42072 6250 6.0 506 992 85 2620 153.0 4.1 521 -89.0 -13.1 HCO,8O,Na-Ca
ST R 67.0 7.1 905.0 150 150.0 46.1 152 248.0 268.0 124 1920 -920 -133 HCO,'SO,~Na
Rk i‘ﬁﬁﬁﬁ%“ 55.0 6.9 1561.0 18.5 82.0 196.0 80.3 946.0 133.0 31.0 923 -78.0 -11.1  HCO,~CaMg
s 2 ?ﬁﬁ%ﬁ%‘@\ 58.0 7.6 850.0 18.0 250.0 20.0 — 117.0 485 341.0 598 -920 -129  HCO;Cl-Na
ARMIFRRBEY 560 9.5 3690 49 1100 3.0 — 220 249 484 113.0 -108.0 —15.0 Cl-Na
WREIAIE® 570 82 777.0 150 2400 242 3.0 1056 514 3540 490 -912 —12.6 Cl-Na
Rl R 313 83 19700 84 7630 23 07 189.0 02 10300 23.0 —-113.0 —-15.0 Cl-Na
SRR 25.0 7.5 3300.0 14.9 831.0 3870 62 782 334 1980.0 21.0 —104.4 —14.2 Cl-Na Ca
BEAANEFRR® 470 68 8108 440 53.0 1323 535 604.1 1744 227 371 - - HCO,-Ca-Mg
22 ] AR S 62.0 69 8151 284 454 1294 56.6 530.6 2050 31.7 374 -140 -973  HCO,CaMg
Wi PENRIEEER® 39.0 8.1 4641.8 9.2 1250.0 2024 77.8 565 2904.0 1425 335 - - SO,~Na
FUHEETT A RK® 41.0 7.4 22405 — 4300 1884 474 3173 13720 - 259 - - HCO,-SO,~Na-Ca
NI 24iE R 440 8.2 20622 55 470.0 1182 60.8 207.5 11920 858 341 - - SO,~Na
T PR R 373 - - 01 468 09 00 854 96 62 - —148 -1113 HCO,—Na
A INAN e 65.0 8.1 2580 27 942 05 01 1765 31.1 211 730 -18.1 -132.1 HCO,~Na
RV IR 48091 680 15 197 06 0.1 245 182 32 350 -164 -1186 HCO;SO,~Na
W i R 32.0 7.5 2949.0 624 6150 435 41.7 20750 9.0 499 581 - - HCO,~Na
A Y R 31.9 7.2 2150.0 159 110.0 343.0 124.0 301.6 1360.0 19.7 430 -122 -85.1 HCO;SO,~Ca-Mg
Jei T A LR R 44093 3840 14 979 - - 1430 140 147 888 - - HCO,—Na
Wi cHFOREERT 24579 3600 26 49.1 468 125 2586 88.1 349 - -147 -67.1  HCO,Na-Ca
LAAlIr N 26.0 8.0 16990.0 119.5 2800.5 472.6 322.9 8977.8 1701.6 7088.7 — —13.8 —68.1 HCO,-Cl-Na
s LER® 393 8.1 22200 113 5499 511 53 12202 194 977.8 - -162 -70.1 HCO,-Cl-Na
TR P LIRRT 265 8.5 15000 2.6 3843 287 108 8683 197 6237 — ~—11.6 -555  HCO;Cl-Na

K R® 63.6 7.7 9240.0 208.9 2936.0 393.3 108.2 322.1 3007.7 2390.3 -9.5 —80.9 SO, Cl-Na
W O20144E K4 @920204F 10 H FI20214F6 H KA @G RIE T 9K E55(2021); @ N20174RFE: KR T #d 5%
(2017); @HHERIET E£534(2018); DR RIF FHAI LIS (2021);  “—" RN 1% AR TR AR 4 B H 3k -
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Fig.2 Schoeller logarithmic plots of major components of
geothermal samples
a—Xianshuihe fault zone (XFZ), b-Anninghe fault zone (AFZ),
c—Longmenshan fault zone (LFZ)

Cl-Na %1, H:ft Pl SO,—Na il Cl1-Na %Ik ¥,
4.1.2 KRALF T A2 5 M
CI A M HOK ) LTS R LA SZ K-

AHELAE FH A 52, I S 25 38 o W BRFE FH B 1361 AH
40 2 T T W, 8 A SRy s B K SC R Ak A
o B B4 B 2 B T ( Arnorsson, 1985; Arnorsson and
Andresdottir 1995; Guo and Wang, 2012) , CI 1
by BFY B 25 - 22 18] (18 4 56 2 T LA T B %) of T
HEFN KA 2 A B . CL 3 H e Y5 T IR0 b A
IRIIR A | K DA S AR A PV . TTATES X
W, EhA Al /b, ClUERA P RER H SR I A i)
RA . TEE 4 v, BEKRE 24 oK Cls K
CFJ5 A £ £0=0.76) I AF M R (K] 4a),
B K'ATRESk B IR IAR . CIS LitAy vk BE 2 Al 77
TE W A 2 1 ¢ & (L 4g), ~F 7 [l 13 &R 8000 1 ok
0.67 1 0.87, FHI LT HEK F T AN [R] A TR B it 14
Na', HCO; 5 Cl i fAfE—E Ltk &R, F 14
Z80(0.58 F1 0.53)#z3r, (A AR T K'. Li'f 5
a1 Z %L, #3718 Na Hl HCO, =2 3| HAhAE Bl 5% 0 (£51)
WK=EVEFAT CO, lSAEMD . Mg™, Ca*', SO, .
F 5 CURRZYER R (K 4e, £, h, 1), B H SR E
Bk AK—HER

b AR 32 BB ] 1 OC R AT DAt — 25 R 4%
P S 5K—AHEER A RS, Ca¥' Mg™.
HCO, 5 Na'f1y LA 4  HH TR 5 7K K =5 A
HAERI92 7 (Gaillardet et al., 1999) , 3 £ &iify
KRR SR 7278 & SR Y R RERR R 7 ) 22 1a)
Z (Fl 5a, b), £IK—AMEAE AR ERREE D
VIR ZE S 3h Wi KA Sk 3 o K T S —E
o X HFROK (K Ak 2725 88 ) HCO,—Na-Ca ) |
BT W ST O T TR R RN AT BT SR OKfk 22k
RIS HCO,—Ca-Mg AY) DL R e ] L W 2y ) il
SR YA IR IR (K AR 2R 28R HCO,—Ca-Mg #Y)
AbFrEFRER W) AR R R ) =22 (6], R B HL Az 3]
RERRER ™ W XA FNBR TR ER W (R i 4 il . Ca™
5 S0, HCO; . Mg¥ Kk R, Na'5 CI i & R LU
K (Ca>+Mg?") 55 (HCO, +S0,.2) I X % (& 5c. d.
e. f. g) 3, 3 KW S b BOK FP LR SR 1 ¥ 1t
JEAE] 3 A W 24T M BOK I B T 0 EEIKSC
BRI 2 FE . MK s & Y Ca” il BEVR T
B R PR ER AT W S A, T R Y HCO5 Ml Na ]
B B T4 T IR K —CO,— Rk RREL 01y (Il K
ORI (1) (Yietal, 2021) BT #1710
Wi 47 1Y 2 20 T SR AN LR, 3 2R 24T B b Ak
K RAT BT 2 E (5K 2 #12K 3) (& 5h), 45
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Fig.3 Piper diagram of major components of geothermal samples

TN TSI FH AR 3 AR B 24 i Hok fb 24 0 A
B FEPERRAE, AR 2 ] £ M Bk v 2R L BH S
FEmA N R . K, rERRER T4 001 Al AR
#B CO, BT TR A LA S 8 52 VR 2 i 3 4%
WS4y M AR g - B ) R BRSO ER b2 e

SR, B T3S E AN A S5 A0 I SR IR T 1L o
Y ARV HE S 20 TR SR AN T LR SR ) 7R SR Y AR
LB (& SE, ), 27T T 4t 9 ST i SR A A 3
o R Ca™, (HRNTEABH Y. IR Py Fl ik
PR LA W) VS b, T it SR B e 5 i
B CL, HEIH AT 58 -5 b v A% BB <0 7K A G (B &
HHAE 2021)

NaAlSi;O + 3H,0 + CO, — Al, (Si,05) (OH),+
4Si0, +2Na* +2HCO; (1)

Ca® (Mg™) +2NaX (solids) — 2Na* +CaX,
(MgX,) (solids)
(2)
2Na" +CaX, (MgX,) (solids) — Ca** (Mg™") +
2NaX (solids) (3)

4.1.3 PABIEE

(DK PHPIRZS b
Giggenbach(1988) 44 ! 1) Na—K-Mg -1 [§] A]

DL 735 b K R 7K AT A R S R R IR R Y
3 Wi LA RS Na-K AR 2S5
7 B 7K W St AR FE AE 200~225°C, &2 T T
4 PAK IR FEAE 100~125°C, JE 1111 W 24H7 ik IR
FENIAE 150~175°C, S BUEE /K ] I 2407 > T8 1] 1 b2
> 2 T W ST B RRAE (18] 6) o FF5E X Rk H
AR E  Pr25E IR . SEMTA LR AR iR R
AibF B FA 7K X, A b KR T 95 TR
BOK X, BLHH 3 25 W7 245 1 b HOK i K —A VR TR
KB GE A VA, 52 BIAS R R BE BV KR A 52,
I BH S 1 AR AR A B ) AV R LA SR R

(2) gL T A

AR AR PR AR H ETR R TIZ A HE
IR R, X b K A R A B AR AR VE
Si0, Hb FAR A5 1Y 38 FH S LA 20~250°C (B AE1E
H 150~225°C), fE 75T 250°C 1}, Si0, # ¥ &ILE,
HE R R ST K. RIS TAE
ZFp AR, A BRE. oA, BT
ALK TEE T A AR, 7R R Si0, dh R BR
I, T SEHIW K Si0, & &2 Fh — A bk s
Y, 75 LA A Giggenbach and Glover(1992) fifi
FHIY log(K*/Mg)-SiO, ¥ Fl PHREEQC % Fi15 1Y
By iy 048 %% (Saturation Index, Bl SI) ik A&
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Fig.4 Correlation diagram between CI™ and other major ions: (a—CI—K"; b—CI-Na"; c—CI—Sr*"; d—CI -HCO,; e-CI -Mg"";
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) SRR PG AR o 3 AR R B T A
oe, EREA o7 Ao Z 8] (8] 7a), (H A A58
JEHEAR AL THIAHLRZS (K 7b), IRIAS AT ST e
Si0, B (f145&) MU BGR br b A7 35, i+ A h

(Fournier, 1977):

A T RHPAEIRE, Si0, S A AL R Y I i
B, B mg/L. TR ZE AR, B K IR W 245 Pk
TR A 98~177.2°C (FEHIMH 129.6°C) , % Tu]
Wi S A TR S Bl 70.6~88.8°C (SF-H1H 81°C),

JE 1T L 7 247 S TR Y R 85.9~130.7°C (SF-1
{8 108.2°C) o SiO, i br A B 1) $1 i 1R B2 K T

e 1309
R TCO= 515 1100 2" ) Nake Mg = B A G I 6 (] 6). TEWTH
1309 ﬁUJ(TEJ:ﬂii&%%ﬁﬁqj%?UT—ZHEEJ;{F&EY@\

RRHEFIR: T(C) = -273.15 Kk KBRS

5.75—1g(Si0,)
(5)

() kG IR AT
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Fig.5 The relationship between the major ions of geothermal water
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RERSTR A BIRL) TR 25 A (32 2) W, oK
W 2474 ) b A0 IR EE S 1L R 150~275°C (R34
210.6°C), ¥ KIB A LLHI R 66%~82%:; 4 1 1] W 4
WA PGEIREE LN 100~141°CCEIIMHE 121.9°C),
BB LB 52%~95%; Tl ] 1L W 245 0y th it
T EVE A 102~177°C CFYI{H 153°C), R KIEA
FE11h 68%~89%. Ttk IR A BRI 15 i 4] 4 P
T 5 Na-K-Mg V-1 B 4006 i) #6183 A )
B o MR O BT R M B A B YE ) (GB/T
11615-2010) 1% 1 B 0% P56 B 70 9%, 5 /KT Iy 247
S AGE TR K 129.6~210.6°C., J& T Hh— 1 55 Ui b
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J& T — IR M BRI e T 1L DR SR S 2 A U
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(RAEK,2017),

THE B (55 2), 7K T 2405 HOK G A IR B
2532~4184 m, *& 77 i) W AL BOKIE R IR 2155~
3519 m, Je i T W88 HOKIE PR IR EE 3573~5654 m,
fief 7T VAT 4 R 42 1 I W SR ORI A TR B 20
Jel T4 2 BRIG R
4.2 SERNMRRFE
4.2.1 Ahgs F A

R S0 48[ 057 2 R A 1T DA a2 b AOK R R 2
Fli. T oD Fil 6"°0 MIZEIRAHXTEIR, sD F1 "0
WA RO, PR e SRR R AR AR Tl L
7N AN [) LT 7K BR 58 00 496 B 0 A2 (5K 25 ), 1988) ¢

O tif 7 10 W7 244 3k

Geothermal srings in the XFZ
A sk 2 AT

Geothermal drilling holes in the XFZ
© 2z 7 ] W A

Geothermal srings in the AFZ
A g A A

Geothermal drilling holes in the AFZ
O il T il 5447 il s

Geothermal srings in the LFZ
A G 1Tl A
Geothermal drilling holes in the LFZ

K/100

El 6 MoK Na—K-Mg =&l L4345 (4 Giggenbach, 1988 f&k)
Fig.6 Na-K-Mg triangle diagram plots of geothermal water(modified from Giggenbach, 1988)
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Table 2 Estimation results of the reservoir temperature, cold water mixing ratio and circulation depth of geothermal water

PGB IR T B4 R C e U
S0 AR Na K Mg R B AORRELER
K VAT W A 98~177.2 (a=129.6) 200~225 150~275 (2=210.6) 66%~82% 2532~4184
2] Ty 70.6~88.8 (a=81) 100~125 100~140 (a=121.9) 52%~95% 2155~3519
AR 85.9~130.7 (a=108.2) 150~175 102~177 (a=153) 68%~89% 3573~5654

e 2R T

Craig(1961 )il # A FE A6 32 Kt KABEIK, K IRFEIK
1) S SR 3R 4 B s 2R A DG 284k, -4 8K
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%, TEARIR 4 F , H,S—-H,0(7K ) #l CH,~H,O (/K ) {&
F 1 H,S Fl CO, A2l oK b 6D (B3 5, 7
6D-6"%0 & I W gl 1) A% ol (S BGE %, 2018) .
T 1T Ll Ay LAY (g 306 wp R ST, AT RS2 b A
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Fig.9 A schematic diagram of the formation model of geothermal waters in the Xianshuihe fault zone, Anninghe fault zone, and
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