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TDS Na* K* Mg Ca® cl- NOj S0% HCO;
TDS 1
Na* 0.424 1
K* 0.592 0.592 1
Mg?* 0.687 0.669 0.739 1
Ca®* 0.765 0.063 0.055 0.141 1
cl- 0.705 0.655 0.836 0.919 0.200 1
NO, -0.004 -0.507 -0.100 -0.284 0.104 -0.264 1
S0?" 0.132 0.694 0.324 0.457 -0.090 0.405 -0.581 1
HCO; 0.988 0.404 0.592 0.693 0.691 0.707 0.026 0.093 1
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Srfil Ba BAENFRKF 1, MHEMITREEFNF/NF 1, RIHATRA X 318 &3]
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PRI Ik ) DRI I 7 0 28l 3l S /K R Bk B T KA (Pili et al ,2002)
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IR 1Ly gt P, 5 g X R T K A R T R A AT T 0 S RV (CaCO, +H,0 <
CaCO,+H,"0) ( Giggenbach, 1992) . HL#5 4 [l 37 3 15 #b &5 185 2 22 [1] ) 56 28 (M2 %5 %, 2009)
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Na-K-Mg = €% ( Giggenbach, 1988) (& 5) BE % S I 7K 1~ 14 - i R B0 0 - 47 3tk 32
AN Z5 AR B 8 A T A A (], 8 P B b R A 2 T b 32 A A | R B R b R T TR AR
B IR AR TE 7K S B, 3k B - R A I A, TR S s BIF S DX S R S AL TR UK X
B, HAWTFE R MR /N T 110°C I, 58 5 2 B 8 4 ) B I P iy Sio, & & R PYRSE,1996) ,
5 A8 (Arnérsson, 1983)
T=1112/(4.91 - lg(Cy,) - 273.15 (4)
Hop, G, UK R SI0, AT R BE , THR A5 SR W3R 5. TR I , U VI B 2807 A fidh I B2 2 28R
26.00°C ~52.22C M IEE £ H 1.17~2.67km,

x5 RERERRREITE
e B Si0, ¥ %/ (mg - L") AR/ C HE R /km
RRE] 5.67 50.44 2.57
E:R 5.92 52.22 2.67
2 e 2.97 26.00 1.17

33 BRSNS He & CO, XiF
3.3.1 He k&

2010 4F 6 A —2018 4F 8 J1, He/*He 784kl [El 4 0.02Ra~0.68Ra, F-3{EH 4 0. 14Ra, Hy
5 1 08 A7 A= S8 M L B, A A "He/*'Ne X 25 TR Y A2 & 1k 17 29 3 ( Duchkov et al,
2010) .*He/*He 5*He/ *Ne X Z & (& 6) (Sano et al,1985) g7 T &S AL 5 00 MR BE, it
ARSI ST OC . THES A IR He TTRRAR UL 4, Hh, 2010 45 6  —2018 4 8 /]
JUAE AT U 2R 08 IR S STk R 29 0.07% ~ 5.67% , & )¢ ¥4 i % 1 08 i &0 5T ik R 4 2k
0.30% ~7.77% , HT 2008 4 6 H T¢ ‘He/*Ne £t , Jo 14 1F "He/*He {5, {H % B0 1| £ 55 1 42
Je VAR SR He/ "He 4331 1.68Ra F1 2. 16Ra, ¥4 45 &5 . JEI B 25 (2017) W58 3 B 50 )1 M
A ORI ) B I S e AR TR G, T RE A b AR 0 U85, b e O R R I R
fi°He/*He TTHKIZHT /N . ASBFTE & B 2017 4F JLZEYH M7.0 Hi72 2 5 'He/"He — B 5 T [
B,

332 CO, &

2017 4 6 A INA5 ¥ 1 5 07 AR 2 9 IR R K P g TSe/MSe e R 43 i S 0.70862
0.70872 Fi1 0.70870 , F| F A 5% X 33k S K o “Se/*Sr°He/ *He 1 [ (K 7) , & 01| 4547 1 A2
JEW R K EER A T e, KRR R SR R A S IR R S/ S 3 54 A 7E
0.70800 747 , 4 I 48 22k 7 T IR VLW 21 & & 1Bk IR £5 4 ( Négrel ,2006)

RS YT DR 284 445 3 SR K P AR 1 €O,/ "He HE LR 0.66x 10" ~100x 10" (£ 6) , 3
RF VP LA (2x107) (Marty et al ,1987) ,8"C, FE 534 4E 0+3%0, ik 3% H A h 1
CO, TR A b A LT R &, b o BF 98 X SR SR P CO, 1R T, 4 i "He/ *He
(R/Ra)-8"Co KR M, WM 8, e, T (R e s 35 5835 A JK A7 (L) 350G, 157 o g i <,
(M) A B i A5 X5 B3 ik ( Sano et al, 1995) , & B 41 K 47 (L) ( Chiodini et al, 2004 ) 57 ik & K
75.00% ~99.47% (3% 6) , KPR R CO, K A IKa 2t .
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VE . &R R U IC 0 (4> B R s 28 K PHe/*He = 1.4 % 107% *He/ *Ne = 0.318; Hi 1% He/*He = 12x 107°,
“He/?Ne=100000; Hi7 He/*He = 0.02x 10°°,*He/ *Ne = 100000 ( Ozima et al, 1983 ; Ballentine et al, 2005) .
& B 5 ok R ke B ). D 2008-11-015 @ 2009-06-01; (3 2010-04-01; @ 2013-04-20; (5 2014-08-01;
©2015-08-01; (22016-08-01; @2017-08-01; ©2018-08-01, H; H1,2008-11-01 ,2009-06-01 ,2010-04-01 {1 5 4%

4 Zhou % (2015)
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0.702

3He/*He(R/Ra)

7 IRV ZLAS *He/! He 5 ¥Sr/*Srat Z I (3E Martelli 258 (2008) )

34 EEBEMBRELZETHSHE

R R VT DT B R SR K R T 2 S R ] A S R 9, B T R T R T B T
HCO; MPAE T Ca®™ Mg™ WA, 57 A Ui, Bk AT Na® .Cl7 Al SOT fE RS %, 3l
X+20 (X P 5 20:2 (5 ) ME MBS TSR % 5 . M O v m] L 1, L2 9 4 7% i

T A AR R T CURI SO LKA Je i SR b SOT BRI T i ;4 .

1 B9 X 3 R K 8 BRI E A 1. 17 ~ 2.67km , b 52 (14 % A o 3L R 7K HP A B8 1 ok R AR
AR 0N BN R B 3t 7 A0 110 3 52 B 8 SR A i B, S 8] 9 v R R B AR 5
B P DR L DR 2R ) Ll S K 1 A AR R Y R A, R B UL 3 R T R S R A . LS T M
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1 4] A1 A YT T 2R G B ST A Hh 3K Ak 2 AR A 73
*6 IR T R T BRSEPHE AREMTRVEIR CO, HILLF)
KA R AR €0,/*He/ (x10'?) COoyp s ) /% COsipe 1y /% COs sy /%
(4E-A-H)

CPQH 2008-06-01 0.09 1.59 92.42 5.99*
CPQH 2008-11-01 2.21 0.05 86.96 12.99*
CPQH 2009-06-01 4.08 0.05 88.63 11.32*
CPQH 2010-04-01 10.00 0.00 90.33 9.67
CPQH 2010-06-01 10.00 0.00 91.67 8.33
CPQH 2013-04-20 7.36 0.01 97.66 2.33
CPQH 2014-08-01 0.82 0.17 99.47 0.36
CPQH 2015-08-01 10.00 0.00 96.00 4.00
MNGH 2008-06-01 0.07 2.26 84.23 13.51*
MNGH 2008-11-01 10.00 0.00 81.67 18.33*
MNGH 2009-06-01 0.95 0.14 77.89 21.97"
MNGH 2010-04-01 4.73 0.02 79.99 20.00
MNGH 2010-06-01 10.00 0.00 75.00 25.00
MNGH 2013-04-20 2.19 0.05 90.62 9.32
MNGH 2014-08-01 0.35 0.41 88.05 11.54
MNGH 2015-08-01 1.37 0.09 95.36 4.55

i« BB Zhou 4§ (2015)
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-30 -25 -20 -15 -10 -5 O
8"Cey,(PDB,%0)

s AN TR S G AL 43 0 Sk DURR A LR (S) ,6”Cw2 =~25%0 ~ —19%0,°He/*He (R/Ra) = 0.01; & (M),
313cc02:—6%0~—2%o, 3He/*He(R/Ra)= 8; K (L) ,5'3CC(,2:0%0,3He/4He(H/Ra): 0.01( Sano et al,1995)

8 ‘He/*He(R/Ra)-8"C,, K F

e 5 R AR B AR JE P IRUR 9752 A B0 Bl 20 0 29km (43km 1 68km , FLi% i 7% K A 1E
B B oL R A 300 25, TR I, 2% 300 72 8 R R T A A IR Y DB 3R ., (LR 68 M Y BT 2841 A — 7 1Y
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- LT/01/810T
= 01/10/810C
= Z2/60/L10Z
= 90/€0/L10Z
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= LTZIP10
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1 TR T IR VT I 245 b B L S5 I 1 b BR Ak 2 4 75

(0 R, 2 D] 9 R BT 28 00 i RE =2 S5 I 9T X 38 K i A B T (58 LA, 2019) , 43 BT SRR Ry
JUFE TR Hb 7% 1) 5 ) S0f L R 558, 3 e KR IR SR PR B AR T, 52 S I A 1 AR R T IR AR
7K, DA Ao 9 88 R Wt R A1

U AR AR K R A7 R 32 54 (€O, N, (CH, 0, *He/*He) WL 3 4, i TF X AF 58 X 45k
FG A A W 3 BEE /DN, JUBE I R T He " He/*He JCBA W52 %, 10 2015 4 H, B0 i {H
H, 1 5 5 W 2240 20 %5 U0 A G IR VLW 24 15 25 i 3 T e Al 7 2844 9 2L B 7 3% 38 5 1A 4 (A
o, FECH, WAL . He ZAI-4E REBNETER o AW (Bhe)5 5 ,2013) B
¥ K I S 7K H 4l A 0.010~0.850mg/L 4F 24 0.002~0.009mg/ L, & %A%, S 3% He ¥ J&
B, B8 XSGR S A K i CO,, 2% He B — & MR BRVE T . JA 88 (2011) A58 &
B, O 372 A i T BT 2 A B R A TR T U2 7 M AR S A0 G B B "He/ *He
AEAY, o DR TL T ST A T A - T FORE B B R 04 B 5 O 1T L o o R A 4 G AL (PR
W 4F,2014) 2 WTIR VLI 2447 55 e 177 L B 2880 30 R B K, 3 3001 | il 52 0 Y T 2R 45 ) 572
oA U S TR I 350 )1 7 X R Y KT SR 1 52 ) B L 8 Y b 7R X 2 T S ) R K, A T E R
AR Y FE 0 2 DX W 00 28 B N A R W0 ) i R Y R 1) R VR A T, A R I T Ak 2
m
3.5 BRRME Mk FER

EEL 200 % W R AR 7 35 7 T 6 I g b b R el P o e 1T L D B R Y T 2 R - R
W7 2ty 359 Ay A7 ) 5 0 0 B4 Hb oS AR T R W) T B — 2R 9 R BN sl (FL 4 B 55,2012 BR
K 2%,2013) . 254 RaROFGR 45 R 5 O A i M 5T 5 RE g S B (8] 10)

WP (He, Ne. CO,%)

4786.75

3321.5

1856.25

—— BRI B I o]

P10 R YT 2 A L AR O A R AL A R (R AR R AN 45 (2017))

QIR P 7% T T 2R ] BT A 3R 2 R BT 3436 ~ 4506m KRR K Hh 4 o MRTT T
217 i R K SR A R 912 R T IE T R K T TR 1] T A2 A% (s A ad B R 5 RS X O
HARM PG S T KA RO, 7 AR D R R TR R Z R BT R o BB R K R i
B M5 F 1. 17~2.6Tkm Kb, 22 3t Ji T A% g b b 25 Ui 7 Dy 2285 Jo] L B 3 OR o 0T 5 X3RS i
i 25 2, 300km Ji B N A R R R 22 R AR i R v, AT RE 2 i K W BT TN AR K R R
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A ) B2 1] F) 5 308 800l 90 PR 5, YR D MR TR A AT - SR T 25 ] L L SR K v S T
W B R AR AR A, AN JUEE Y 3 RE A kA S SR VI DR 2 T LI SR K R B MR R R AR R A
F1 IR Y 2R 1) TR A A 22 30km A % ¥ 0 1T (AR AR 45, 19945 ARRANSE,2017)  BHLAG T AT
o3 W P A L OB S X e AR K R A R He BTk R AL

C A WFSE A B, WO 3 52 U8 38 M 2 9 A A I 1 7R B A BT 2R L IR Y BT SR ) P2 AR L
AR (Shan et al ,2009; TEEEZA5E,2017) o [R] i Ui VT Wy 2847 38 7K 35 A K3 A 08 H <
CO,, CO, i HH T B M2 7 SR 1) TR B 3 1o TS JAE R 2 0 BT 2 7 26 1 3 A D, 5 PTG 1
SRt i SR U R St R~ 1 5 0 Xk 2 Ml DX R ] L AR A e i e 5 8L A A S P IR RAT —

4 %t

Xt 2010 4F 6 H —2018 4 8 J L Wy 24 5 K2 FL G 30 X 485 i R O 1% b 2K 16 27 B 1
e e B, X% X Sk K Ak 2 AR S K SCHBR Ak 2 37 47 X FUBIF S, 15 4 DL T 4598

(1) TR 58 DX 385014 7K 359 Sy o 55 Al 7K, L 9 AR 7K A 2 288 TR0 22 S A/ AR B A 27 2 45 R AE
Wi SR K 4> Ca-HCO, ,Mg-HCO, ,Ca-Mg-HCO, ,Mg-Ca-HCO, PUFh 2%, 3 i 60 .8D FI
Si0, i F By H M 71 DB 2R 5 T BT A 9 SR /K 349 98 F AR K, BV TR EE Ol 26.00 ~ 52.22°C i 3
TN 117 ~2.67km B35 o0 2 2 BEHCAR, U 0 DRI 7 007 585 30 SR /K ¥ b 7K 2 I o 7 B A
TR T R BRI YT 4 IR SR K R Y P Se/VSeil FL Ol 0.70862 ~ 070872, 1 i H: £k A
FRERER I W 87°C, 0 Bl N —~7.50%0 ~ -0.12%o , F& W I 7L 1T 24 17 P9 3l SR 7K 3 S P
CO, FEk g HFE KA.

(2)2017 4E 8 A 8 H A& MJ7.0 JLIEWHIRE M RR & AR Ao, TSR K SCHb Bk Ak 24 A A
W 525 Ak, 32 B B MRS AT R A R AR SRR R G SOT ALK A2 8 i St i SOT
I, R S R R AT AR 2 IR SR OK R LR SO B F R, {HHe/'He L3 AR L
[l >4 0.02 Ra~0.68Ra, JGHA 08 U5 He A3, 434 J5 DR A B by R 1 ;445 i) 4B A 32 2 T
30km %) 3 v 16 BELAS: 1735 20 U5 o b3 o

(3) 254 T A7 HBR ) B350 LFIBIF 52 DX 8000 5 0 4% b BR Tk~ R AE , 225 Sl R V1 0B7 2447 1 2 I
Ria B R R AR R ASE RN % 31, 3436 ~4506m YR 111 | Y AR 7K D 28 DR 7T Ui 24 47 &) 6L £ - &
W BT AT AR eI SR, IR IR VLW A LR n) N i % 252 T 0.82~2.67km, iz
% 3k B v 55 IR VT T SR L R A — e I KSR, P A R R R TR R Ju &R f CO, 4F
AR TR VI DB SR L TR ST Ak DX SR i 3 sl s A, PR, 300m i [l P Y v iR AR 2R
KA R, AT RE 2 i S T LA PR R s R AR O, TR K R B, A R 2 ]S B
TR B, AN ) R V5 A I MR A, DT S5 50O V7 2847 ] LR A /K 7k 8 A A Ak

B - A b E B2 B 3 5T 5 IR BRI T BT 22 Ml AR IR I 0 2 S R 2 e P A M 3 R
FEI5E T3 X0 UM XU X0 /0 78 T 4 23 A7 I 0 5 Bl SR o R R LR T
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2% Uk

Mz T4 1L, i AR, 45,2013, B 200 W5 B0 5 0K 73 35 75 3h B R 00 3l 43 L JB 25 R AE KM 5 R S b ER A H AR 4, 56 (12) ¢
4125~4141.

BRI, 22 55,2014 VL b 30 o] 38 v 3t %8 0 17 1Ly 0BT 2415 396 e /R T (9 0 7. 1 b2 4R, 32(5) 535 ~ 540.

R, 2014, B0 3t 52 05 )1 PG b DX IR SR K R AL 25 F 5. 25 00 3. B8 v E R BR

o AT, L 45,2019, 7.0 Gt 2 X LA I AL O SOWRUK AL R 0 . b 45 7, 38(2) 1186~ 192.

XEREAR , BRAt &, /NI, 1994, g 1T 1l B FLAR IX 14 44 it b 52 3 2l S 3l 1) 2% . bR M T, 16 (4) 1389 ~403.

LA B0k SR, 2002, DU IS0 i R R R i A K IR T R M AR R R B A Hr. Hb R Hb R O 5 B T, 33
(1):61~66.

Zeep oV P IME 2 Sr R, 45,2007, SAH (% - 2 R0 3% 0T 1 vk 0 A R JE LB Bk R 62 3. 43 i k2% ,35(10) 1 1455~ 1458.

AN, T B R X, 45,2003, 1Y 1| A 8 1 K MR 1 [ 46 3 R AL A R AE . Bk =4 ,24(6) 1529~ 534.
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Geochemical Characteristics of Hot Spring Fluids along the Minjiang
Fault Zone
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Abstract Geothermal fluid geochemistry along active fault is a powerful tool for studying coupling
of mantle-derived and crust-derived fluid. Four hot springs along Minjiang fault were investigated
systematically for seven times ( from June 2010 to July 2018 ). The helium and carbon isotope
(*He/*He, SBCCOZ ) and gas compositions of 16 gas samples and major and trace element
composition and stable isotope values(8'"0 8D ) of 27 water samples were measured. The results
show that;there are mainly four hydro-chemical types:Ca-HCO, ,Mg-HCO,  Ca+Mg-HCO, and
Mg-Ca-HCO, of the thermal springs in the Minjiang fault zone. @ 8D and 60 values
(=13.2%0~-19.8%0 and =95.6%0 ~ —113.33%¢ ) of the geothermal waters indicated that the hot
springs were with a meteoric origin, where the recharge elevation range is at 3436 ~4506m. (3)SiO,
in the region is 2.49 ~ 5.92mg/L, and thermal storage temperature estimated by aqueous
geothermometry was 26.00°C ~ 52.22°C. This data, along with estimated temperature, gave an
estimated circulation depth for the spring waters of 1.17 ~ 2.67km. @) the Na-K-Mg triangle
diagram indicates that the spring water was a type of immature water. (3)almost all trace element
concentration coefficients are less than 1 except for B, Sr and Ba in the spring water of the
Minjiang fault zone, which suggested that the contents of trace element were low, and with a
limestone origin. (®the He-C and He-Sr systematics were mostly controlled by the mixture between
mantle and various crustal sources. The observed *He/*He ratios varied from 0.02 to 0.68Ra( Ra is
atmospheric *He/*He ratio = 1.39 x 10™°) indicated that hot springs discharge gas with a low
contribution of mantle-derived helium. The limestone was the primary source of carbon
(75% ~99.47% of the total carbon inventory) from the hot springs in the Minjiang fault zone. It
was found that the geochemical characteristic of hot spring fluids before and after the earthquake
has changed obviously. But the observed *He/‘He ratio indicates that hot springs discharge gas
with a low contribution of mantle helium. Based on above observation,a fluid geochemistry model
was proposed for the geochemical system combined with the geology and hydrogeology of the study
area , it is very significant for the determination of precursory anomalies of the future medium-strong
earthquake along Minjiang fault zone.

Keywords: Hot spring; Isotope; Geochemistry; Earthquake; Minjiang fault zone



