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Abstract: Daocheng area is located in the northern part of Sichuan-Yunnan block on the southeastern margin of Qinghai-Tibet

Plateau. In order to reveal the geochemical characteristics of hot spring fluid and the relationship between the fluid and seismic
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activity in this area, hot spring water samples and gas samples from six hot springs in Daocheng area were collected, and the ion
components and concentrations in hot spring water, gas components and gas isotopes of hot spring were tested. The following
conclusions are obtained: the chemical types of hot spring water in the study area are mainly HCO;-Na and HCO;-Na-Ca types. The
Reservoir temperature is estimated to be between 74°C and 159°C by cationic temperature scale, and the circulation depth is between
2.2 km and 5.0 km. The CO, in the hot spring gas is mainly generated by the decomposition or dissolution of the carbonate rocks in
the reservoir, and the proportion of helium from the mantle component is relatively low, ranging from 0.4% to 2.4%. The hot spring
in the study area is formed by the heating of the deep crustal heat source caused by the atmospheric precipitation penetrating along
the fault zone. In Daocheng area, the geochemical characteristics of hot spring fluid such as circulation depth and contribution rate of
mantle-derived gas have a good correlation with seismic activity, and the seismic activity of the study area is weaker than that of deep

fluid upwelling areas such as the surrounding Xianshuihe fault area. At the same time, in the regional scale, the future seismic activity

in the Zhongdui hot spring area of Daocheng, located at the intersection of faults, is the most noteworthy.

Key words: Hot spring; Hydrogeochemistry; Isotope; Seismicity; Daocheng
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Fig.1 Study area location map (a) and sampling point distribution map (b)
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Fig.2 Piper diagram of water sample in Daocheng area
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samples in Daocheng area (according to Giggenbach (1988))

FH 28 s AT D o K i A Y BH S i
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(e 8, 2013), % H WA Na-K 45 (Giggenbach,
1988) . Na-K-Ca J&#5 (Fournier and Truesdell, 1973) .
K-Mg i B (Giggenbach et al., 1988) . Li-Na i Fr
(Kharaka, 1982) . Li-Mg i #5 (Kharaka and Mariner,
1989) 45 . AR WRMFFE T R AKFER Z & T R oK
([l 7)), X B AE 3 46 PH B8 - IR AR 1) 155 7T BB A7 7E
—E W% Z (Giggenbach et al., 1988; F 4255, 2007),
FEX PG LT R Si0, Hb#E bR 7T e & BB 4 1Y 7
PCEAEAE, 2007), (H st iy R AE AR AR
ARRH DA i, AR SO BH 85— T s Xo) A 48 e X I
AL FE R BRGHEAT 1A BAL, AR X2 DXl R A
B HETT Si0, M PR AR T AT o — 20 3 T I R
B mERR M

AR5 R DL E R A EGRAR 2 R
SROK A AR TR, T A R ULHER 5T X T CO,-
CH, PRI 7, 15 205 B R BEAR vT g %007 vk
B A P IR R VR T S PR S 7K A9 P B R 7
1M Na-K-Ca M An%E 5 0 25 B R K 2 70 8 3
Mg B AR IR ROK B, 25 5 7= A ek B i 22 (e A
f1,2013) .

TEASCZHOR R AR BBOKSET, FI A
B R AR R TR ) 4l R R i R AT AR B —
FEME X o K-Mg i Ar 8 57 78 38 PR -5 52 L
PRI AR 26 3 B2 B AN TR A 1) R ik B2 (S R 4
2013), 7 X o AR B i AR BRI pr ]
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fiEATh R A %4 (Giggenbach, 1988), A 1 H: AT DX Fi 5k
AR T A R S8 1 B 2 R B, DL SR AR P i Mg
A5 A I8 20 MG 55, 2018), BIFFE X R 4
A=A B R AR VT RE S th FIRA TR K H A
SEAPIRA VR IK, BB IZIRAR 1 115 45 R 45 32 138
K, DT A5 2] E S BRI B SRR A R B . X
F Na-K AR5, HE s fE oK Stk K a2
[&] /) - £ I (Giggenbach, 1988), H7E R il K 45
PR, RGO A A B, PR % R A
T4 T B f e (PNLL IR 45, 2015), AR IRBIFFT I
F95(2002) 38 1 K-Mg AR IR R 5 Na-K il
FRiRBE 22 ] B 25 (B 7F 25~62°C 2], PR Scrh
I A7 R SR Al K-Mg SR ARE, HoR 75 5 B mT
FIE W AIK T 52 B 2Rt B, {EL phy 7 SRR B A0 K-
Mg IR ARIE FME B4, BT AR 22 0 12 2 BRI, B
22 AP SR 4 el P R R A 8 ST P (ELAE
Ry e 2 S PR AR BE A4, DT 3R 2L Li-Na DL
Li-Mg %5 HoAth PHES IR bR 0 71525 A 22 (It
5,

FFH AR, 3 DL A 0] =R A5 X ek 2R
TR IR IR R

H=(T-Ty/g+h

K H PG IRIE (km) 5 T A b 340K 5 #0if T E
(°C); Ty AWFEE IXFERR (C), IR X3 RR
B 4.1°C; i Bh R (@) B 32.15°C/km (£t B 5,
2016); h AE IRATRE, B 20 m, R kR A A
TR DB PR IRE (B 50 6

2RI 5T X AR SR B PR IR B 43 A 1
FEIZE 2.3 km~5.0 km, [ 75 A 3o L 3 T A e 3ok
AR SR PR PR IR BE B /0N, R 2.2 km, FEAY PO SR
P A6 P R BB B R 42 0k, HLAE R R E 4 AR TE 4.1
km~5.0 km Z [A] . {EA5HE B A2 BAR IR IR AR Y
TR SR Z AR RN 2 5, (e LTI iR
P AR 2 SR v, RS A T S D R R R T SR AT
FUAT S A A IR B, X RLR R T R — 1L,
HEAG AR R A AR 25 8 (G 8 A5, 2004), ik T I 24
LA B LA 2 IR 7K G PR 0] BB 7 A X
—IRGR A
43 BRSEYHE
4.3.1 m R ARA p AR

R e 3k b DX 9 SR AR Y 32 B2 43 T DL AR

R FORHEE 2 25 B B0 X SRS I 3R

A5 RAE T SR SR 5 AR R 43k 2 F
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PIN, B 3 B G AR R, N IR E Y KT
85.00%. 55 —JEMAEMRH ARIER  KILIE R S5
I A L, 3 2B R SR DL CO, B CH, o 22
2H RS 43, CO, Y BE 43 03l 2 86.95%. 95.96% Fil
38.30%, A3k P MU SR A IR R SRR S A K
i) CH,, ¥ & Al 35 36.08%,
432 kIR

A 2 MEGE R 2 4 B2 He Fl*He, 1X
R R 248 KA. 5T 5 i b i = 3 B A
()22 5, 783X = RS TR 182 vl {13 % 9 He/He
Iy Bk 1.4x107°, 2.0x10°, 1.2x10°(O'Nions and
Oxburgh, 1988; Ballentine et al., 2005), H XS H #)
X — HAEH RN Rao ARYRWFSE A B fl i 25 LA
AN A AN R SR SRR A A9 HeHe, K 15 1Y
*He/*He {8 B 425 LA Ra ARiEAE G 7T LA X 28l
SRS R He/'He #7286 75 Fl k7 0.08 Ra~0.56 Ra,
SEIEA 0.23 Rao A TG BRSSPk F b
(S HL ), B 3k BEARE B 4% A CHe/'He 5 *He/Ne
{8 % Z [l (Ballentine et al., 2005) LIl 8, H i 5
e 5 S LA TR 0.4%~2.4% Z A (VL2 67) .
I, RR AP R A B OR A T 5T, LA TR
A HE AR R SR A BB AR S (>2%), A
A1 B LR i R i 5 A5 4394 il 2 M i He
S W) F 2k (Ballentine and Burnard., 2002), K3
B FIASE 5 P X e O I AR 1 TR R o e MR
Ffl (Tamburello et al., 2018), 7£ 7 % = J5 45 % 19 5K
PEBI DL R ARE W BT R 5, ol LI i A Ak
T R 10 S A5 % 2 b AR e W ARl 1, i 7K YT D
S N YR b B K JR) 25 v BB ) TR B T T Y,
PR I 0 5 45 % 1) 38 % (Tian et al., 2021) . #3
308 1, DX 108 Y AR A4 b T /0 ] 20 7 2 e X T B U TR
FRR B SR, [A] I A Il b X 32 B2 (0 4 1 45 2
PR PERFAE (96, 2002), 3 AT BE -4 122 X 38 1) I
PR L= A T . ZEE ST X PN R 3k e 7
SRR f S R A L, x5 R TR
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Fig. 8 Ratio diagram of *He/'He and *He/'Ne in hot spring

gas in Daocheng area

&R AEA DR

FER SRS B S B Al S W, AS A s ) 47
A AL OC TR AR IR ) 45 B (Hilton,
1996; Zhou et al., 2020) . {H & i & <A P A [R] R
T[] 57 28 2 A 2 A BT S, DA B4 o LAk ()
13 2R 21 R f AT SR B SR TR, BT LA SE 8 O,/ He
55 8°Cp 1 HLAH 56 22K BT CO, 1Y Y5 (Sano and
Marty, 1995; Hilton, 1996) . 7£ CO,/’He-8"C,,, [l fif
o A = A TG, A3 AR IR (M) | K AR TR
(L) 5APLFRE(S) o AR INAE TANR R R
BE RS R 28 55 1, X BB SRR CO/ He HER
T FEN 5.31x107~2.85x10", Hd A H 4 1R 5% 1
LI SR A IR R SR LL CO, R T (>85%),
T AR SR IR SR AR CO, & IR, (%A
fi i iR 22 80 K (Ray et al., 2009) . K iR A
B A COL He-8"C,, FIfi# (1] 9) AT UL X B A
FE b 7E B B AR I T, 28 R (S5 R L
B 7)) i X3 R A CO, W8 IR 4L HE 9] 158
FRlJ& 0%~ 1.7%, MK A >k I3 35 [ 2 81.8%~ 94.1%,
A ML TR 5.9%~ 16.5%, X ¢ B 12 Fef 3 s X
R AR CO, REIRAB)ZE T B BRIR EE A 22 4
SR R AR o X — AR T i D 2 X
oL, ZE G VD VLT RL | FE0E DR 224 LA K 5 7K YT Dy 284 ) 7
SRR CO, )2 F Bk [ KA 1 i (Zhou et
al., 2015, 2017, 2020) ,
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Fig. 9 Ratio diagram of CO,/’He and 6”Cco, in hot spring

gas in Daocheng area
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B T A P1EHIHAE CO, JE LY
4.4 FEWMXERR IR FEIIER

el L [X K & ot X b Ak LS53R, 2 £
WALV — B 4507 1) B Aii (Zhang et al., 2015), A A
FEMZS IR T IR 32 W 24 s s il , B e 2
PR, AR EWTRE RS Wi TR KRR
T2 e HL Ay Sl S A YA b BFE KRR
PP A R AL 43 AR /D, X R K ST 4 R G 4E
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TRBGL 53 I 5 FE B AR R 5% il iR SR AR P
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Fig. 10 Ratio diagram of 8"Ceop and 8"Cgy, in hot spring
gas in Daocheng area (according to Woltemate et al.(1984))
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FLAT IR DX ) 30 e e 1 At 2 T R e 0 5 1 i R
(Tian et al., 2021) . 7 W —H Fl—EE KT T 24 R
G0 VT 2R TR 2 Tt A K b R ) e AR 2 & O
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B (Liu et al., 2022), 7EAF 58 IX [ 3, B3 Wy 24707 i
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Fig. 11 Schematic Diagram of Hot Spring Circulation Mode in Daocheng District
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Fig. 12 The relationship between seismic activity in the
north of Sichuan-Yunnan block and the ratio of mantle
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