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RAWEKL (R A, 1999 ; 7 i & %, 20045 Du et al ,2005) , 80 {8 4 J 5 AT 9 44 -
@ b K A A BRI A2 o 5 & 4270 (1 1Bl R A AR TR R Y 58 4 ( Okada et al, 2000 ; Favara
et al,2001 ; Bahati et al,2005) ; @ H # K 76 G406 26 3 72 iR A & 4270 1Y 3 #1K ( Pang
et al ,2006) , K T HEAL 5 L B0 [R] M X KR K 28 K BE 45 o B R 7 i 22 5, Dansgaard
(1964) 5 SUT R A d=8D~88"0 , % 18 i 44 A% T LA /1% A X JBE 841K 1 T 5% A Ak 3l [X /K
Z AR RN, B WK T A N B 28 R K (R R A AR, 2017) o - 10%0<d < 10%0 B}, /R
IEH R Y d>10%0 B, Femm 5 A AN [R5 548 T 1 B K SO R U K TR A5 1 24
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d<=10%of , /R T I F5AE T I KRR K S ZZ R BELS K. BFR X @ T IR — S 8%, [
W [R]—ZE 5 S 52 e BT LA 208 K FERS d B T 1.5%0 ~ 11.4%0 2 [0] , F W 7K F 2 T K
REK o M3k 2(HC2) FifEsk 4 (HCA) 1 d S & T 10%0, 5353024 11.1%0 1 11.4%o , 35 W 7] A
ZAGIH AP HE R R W20, KIpWs (DLL) AR 3 (HC3) fi 25 A< 36 H X R R K 2k, %8¢
AT O, W ML T K AT Al 2 K e BN SR AR B B o i SR KRR R SR KA KRR
SRR O A R R R R I 3% A TR R R K 78 R BE A K D 45 1 L
4.1.2 KA E A TR

WKHEEF R IR A3 B KR4y Dy 8 Rk A 2% 2830 . 4% 3(HC3) g3k 4 (HC4) K
Je s (DLL) F1EE = (i AF H (MYS-1) By 7K b 2% 25 7 2 Ca-HCO,, M F 7K 5200 L B R
11.0~18.0°C ,pH { 6.72 ~ 7.49, 5" fk. B ik (TDS: 212.03 ~ 553.25mg/L) , 3% W H: 4/ 35 18 Bir 4
X, FEOR ARIRER M, 22 BN F AR AR . Hrp B = LA (MYS-1) () TDS
(B X H5AIG (212.03 ~262.30mg/L) |, F ik B AH %45 85 (0.21 ~2.28mg/L, F- 35 {H g 1.28mg/L) ,
J& T i S R KA 2RI (3R 1) W] H IR T R F K A6 26 26 A2 o 5 R PR K A R R A
SEE R YR R, Ca® SRR R T O MG SRV . B A B, Na® i BERES 1 Ca® f B DU
AR (205 ,2015) , Kt , Ca-HCO, BU7K Ak 24 28 A1 (% 5 X AT Be 5 P 2 sS4 AR T A 6 .

POz 1 (XAS) K By {2 25 A Oy Ca - Mg-HCO,, #b T 7K 52 I 3 B2 2y 20.6°C, pH B
6.94~7.59, TDS {H Ik (211.84 ~246.57Tmg/L) , FR W 3 T /KI5 IR BV, 32 v B VR 2w K, B
B PP A LR ALK (R R4 4E,2014) o FEKIER R IEL R, S K EHR M S ERE T
(Na" K" [ Cl" SO ) SR IJGi 2K s 720 25°C W4, J5 A 1) 175 A ok 2 oA ik PR 6 1 102 ~ 106
% (Stumm et al , 1996) 5 K [ 7K 35 Al 224 Hb 55 10 2R v 3% 50 17 76 B IR 2L, it /K & 4 Ca™ |
Mg™ #l HCO; %5857, JE i T Ca-Mg-HCO,RK .

TR 1(HCL) K 14k 25 8 Sl Ca-HCO, - C1, TDS {5 AH X 45 8, i s 7K 1A 52 85 8 A 4
55, 0 RE SRR TRk A b & 4 i BV K Mk P AT R COT (HCO; A €L, Na™ b Ca™ \Mg™
PEAT BT A e, 80 Na W BE Ui/, 1k BE 3 i, HCO A1 SOL M & A= UL T , 1 C1 & 4 5 ik
SR A ] REJE O A W ECE AR AR IR A K AR TE TR K .

11 42 B 25 2O (JBFZ) K [l 422 2578 g Ca«Na-Cl1- SO, , 57 A6 BE 48 & , SE /K iR 14.0°C
Na® (Cl” \SOY #efE R H B RES 1) 3~60 £, CLTA SO He B 5 T SR /K, 3 N F /K 16 35 A
BEWMBREB AT A o AL WA HERR NS HETS A AR it IE 1 52 ), 3¢ e 16 NOS R BE 1 Ry
it AE 5 | (PN RUER 45, 20165 X118k 55 4 ,2017)

TR 2 (HC2) FEE 25 IR R 1 (MYS-2) K iy 4k 2 26 By Ca-HCO, - SO, , i) 5 (HCS)
IKI AL Hy Ca-SO, - HCO,, 57 4k JE 341K, SO R KA /K B A ML T 1Y i By At T
K, SO% Al RE F B [ A 8 SR A ARAE B s LA B A T AR . K AT ) NO;
W FE FE ok B A0l E Wt IE (P RUER 55,2016 5 X 4k 55 4 ,2017)

WFE DR AE A Piper =28 1K WLIEL 3,07 LA 3 AT % KR AE i 19 7K Ak 2% 28 R 3t 5 A
[ FIHK e TR (TGZ-R) KAk 22 25 AL Na-HCO, - SO, SR /KL EE 3 (72°C) A 8
FIH) FUE (1.49~16.86mg/L) , HAT 16 i) A S Bk SL B4R AE . 38 SR K R 7778 COY, N 7
B ST AR B A7 e K OH 3l COY & A /K MR IV . TGZ-R A i Sy i FAK
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DX P I 0 T RO R 0 A A 5 DY AR D R O A0 )2 R AR BROK B BOKCE 2 D e )
FEpd . AR PUJr & (DSFT-R) SRR SS9 94°C, T i fid % &5 (QS-R) Sk 5203 152
74°C AL 2E 2R TN Na-SO, - HCO, , K FER H Mo R PR 3 X B AR 3t LU 300 48 B o 2B R T R0k
PR S W R, BOK LGSR TR LA TT A T R oK R S A SRR
RSB GRS PTG ER U6 MR BROK TR B R A R I W S L I 0 TR
rea AR o BT M 1L I e ST T % A DR ARRE A S M 0 R W T A B AR (TR AR A
2001) ,

e DLL
e HC1
e HC2
e HC3
HC4
® HCS
JBFZ
® MYS-1
® XAS
A DSFT-E
A QS-R
A TGZ-R
W MYS-2

S < S S N < 7 7 7 7 7 ‘o
1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 06 08 10

<— Ca — —Cl —

¥l 3 Piper = £ K| (4} Pipper(1944))
SO AR R I K 5 920 = MR IR SR K s 1E BRI SR K

4.1.3 ¥ T K& VEER

25 BT U B 1) A8 1 S5 W K 0 ok AR o R 2 AR R BB R T DL B 5 A A A
28 KAl 2 2 43 22 80 19 £ ik 091 25 0T T f 0 06T S 7K 2 B 43 14 Ok D45 T e AR (B 0 st
45 2013) o Hb R KBS T AR, R 00 2 9 Y B VR B () B9 L, 4 yNa'/yCL fl y (HCO ™ +
SOT ) /y(Ca® +Mg™ ) , REA U Hi S e Hb /K f Y5 FATG 3R 2o 72 ( 3296 7, 20155 B L 45, 2016) .
pKRE B T2 YL R (E 4) af LLF H, MYS-1 MYS-2 XAS P K i R K yNa'/
yCU> 1, Yl T K 2672 Vi o i o 28 17 T 30 210 14 /K e R R P 4 D 2 0 KA Y % . TDS %%
5 0 3R KAl 2% A3 1 % R A LA 6 32 48 32, ELRE 2 TDS #% K, yNa™/yCl ™8 fk 5
TR, LI TDS 1% B — 5 W B2 I, Na™ M ZE K 4 R R 56 10 KU 72 9 (KA1 45) o B ity
ok, TR K s T iR R R 2 A R RR R B UL = (G L B A ) TRy Ca¥t 5 L
Na' 24, T Na' W i = CL i . FLERERL I yNa'/yCl <1, F 0.30~0.51 Z [i], 3 /)
TARETE KA 0.85, W BEA I /K IR A , B2 24 0 KA 18 A/ TS . BRL e, T 90 X 1 2
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TR EZE TRETHRK A M KA SRMRIET Y =0 M7 8 0 S R e U &
R T A5 2 R R AL T R (R R 4R, 2016) o BT KE SR A9 y (HCOZ +S03 ) /y (Ca™ +
Mg™ ) <1, £ W CO, ¥ fift x4 F /K i) HCO; 57 dRk 4% K, [l b o fift 7 A8 e MR £k /K BE Y
yMg™ /yCa®™ Jy 0~0.26 , 36/ T /K B 5.50 , 1132 BAWF 52 IX T /K R Z K 18200 . 3R K
CI7 MU T ¥k AL P 5 A, i B B 15 S TR I LW 10 15y (Na™+K™ ) >y Cl™ ]
H R K CU AR & NaCl ¥ @ (49 7 90, 157 2 0 T T 5 4 760 20 0 TR o O 14

101 \-'.\/
7
/\ Qs-R /\JBFZ
8- ~ 64
— /\ DSFT-R i 5 AHC4
= 6 ATGZR o 2 1 AHcl
o ° Ay <
) X4 Ancs  AHC
bt % ApLL Axas
) = 3 AMYS-2
Z & HC2 LA MYS-1
< 2 i
O

Qs-R
ATGZ-R ADSFT-R A
T T T T T T T

T T 1
0 1 2 3 4 5 6 7 8 9 10 11
Cl-/(meq-L) (HCO;+50%)/(meq-L™)

K4 kBEFEHTZERGRELR

42 KUEFBUESHMEHXE

TE 2014 4 7~12 H AR, B H 4T —RFE &R B 13 7K R K AR 2% 2 850405 3 T 2
1, XK Ak 2 5505 M0 7 A (B UE AT OB, R B KRR S B e R TR R B A A8 Ak o T A R i
TDS FifiE A 5 im0, 7~9 A& TR 4ME, 10~ 12 R TP, X v g 5 2= 1 1
FERN A O P98 X EZERENIATE 6~7 H B i N /K & A B R fG . NOS A8 fb e e T 4l
Tl A 5 050, B NOS A8 Ak i 15 5 20% 4 (il i #8 3d 20% J&@ T IE % 5 %) , HC3 | DLL  JBFZ
FHCS (1K AL 25 41 o AR AR AL B /0N, 8 BE AR 20% LN %FF HC2,7 H Y Na'™ \Mg®"  Ca™ |
Cl \SOi' HCOS #e B HSEE 4 3 BT+ 81% . 75% .100% . 72% ,392% .32% ; %} T XAS,9 A
(g CL™ e J8 Lo 2494 T 51% ;% F HC4,10 11 A fg Na™ \Mg™ . Ca®™ CI” . SOT ¥ HF- 1
{3 B K 24% \22% .22% .40% .25% ; %1 F MYS-1,10 H B Mg™ [Cl™ . SO; ¥ JF Lo -
S5 BT 30% . 71% 25% 11 A #) Mg™ (C1™ ¥ Ji HF- 3 1843 31 1= T+ 34% .50% ; % F MYS-2,
10 A i) HCOZ ¥ B2 LU P 3ME BTt 329% ,12 H i) CUHk B2 LU 39ME BTt 72%

HC27E 7 A B Na® \Mg™ [Ca™ [Cl” ,SO; T 100 e JiF K i 1F 755 S 3, 0F 9% % BT SR K 0
HC2 (17K Ak 2% i 5 R TP T AR R A A ¢, I, Bk B 7 B R ik iR vT BB 55 2014 4F 4 J
17 H M, 3.4(40.6°N,122.9°E) #14 H 24 H M,3.1(40.7°N,122.8°FE) # 2 i A&H %, B G &
RGBSR/, £ B TR T R . AEMbR M E R IR AR SR E RO BR ) s
%, 2 A [R) )2 7 ] S A4 A A, DTG 5 350 T /K AR 4 20 & A AN [R) R B 1 A8 4k o W B R A
3T 1) B T B S IR S A, R B 8 ~ 100 T S I T TR T R L 10 T 11 S I A
12 A TR (K 5Ca)) . 8 .9 H HCI (9 SO \CI #e BE Sk iR K T 20% 59 7 XAS 1y CI7 i
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J4 B R 57 5 510~ 12 F HC4 MYS-1 A Na® Mg™ [Ca®™ [C1™ SO e J& th H B [7] 7 1 sk
B (I 5(b)) . 2014 45 1 H ~2015 4 6 H 811 -1g i X 6 & 2E 25 %k M =2.5 HR% , RAE
] kA M, =2.5 Hi7% 9 Yk, M, =3.0 #b7% 2 %, 43918 10 A 31 H M,3.1(40.7°N,122.8°E) fil
11 J1 20 H M,3.2(40.7°N,122.9°E) b 7% , 43 45 IS 7F ] BT 58445 BRI o SRR 309 1] 48 1L -V 3t
RGN N 2 AW B, T~9 A EE — BB, 10~ 12 7 55 B B, 55 B B i b 78 1 2 5
SRELCE 5 (e)) , S8 M = 145 — B B o SRAFE AL HC1  HC4  XAS MYS-1 [ % B 7 ¥k &
P B IE B S, S X 2 o v R A, b HCA R B R b R, MR AR, FR SRR
JSLTE MR e A AN M AR 2 2 Oy BT A B T AR Ak, B A TR Na® SO Al
Cl AR 5 & Ca® Mg™ (HCO; W IRARTR A, Na™ Mg™ [Ca™ Cl” SO /KAL~F 5 T U FE
Al B ., AT B 2 o ML 52 3 Sl A I B

BT HAE R B 20% ) J& F 6 5% % . 8 A HC1 By Na® \Mg™ [Ca™ \Cl™,SO3 W& H P
PB4 9 R B 53% 50% 59% 42% 97% ;7 | HC4 fif Na® Mg .Ca®* [Cl” . SOY ¥ B L3
{5 5 F M 23% .22% \21% 40% 34% ;7~9 H MYS-1 [) Mg™ ¥t BE b F- 3548 50 51 F W 31% .
31% 34% , C1 ¥ i V- 35908 73 51 F B 60% .60% \51% . 7~9 H 851V B HC AR B 67 5 3 ]
RES Z AR AT 56,7 ~9 F TR /K FE il , K AR AR 25 ARG 185 22 TR0 S R A 370 A o i >,
B VR Eb Sk B SR 1 00 SR A X A

5 #ig

(D) WFFE X T K A2 R RS J, E 24 8 Rk AL 2% 28 A0 g IR 3 I 4 L K e % B =
WAy Ca-HCO, B PG 8% 11y Ca-Mg-HCO, B ¥3% 1 g Ca-HCO, - C1 B ; 11 43 4% 25 41
KA Ca-Na-Cl-SO, B g3k 2 FHEE = LA K H K i A6~ 26 AL Ca-HCO, - SO, R ;i3 5 7K
AL 2% 25 R Ca-SO, - HCO, Y 37 i i 5% A5 DU 5 5 T R 7K 1 A 24 28 81 Dl Na-HCO, - SO,
s T I3 SR A Na-SO,-HCO, %l

(2) A K RER 8'°0 8D {14347 78 Bl 43 5 A = 11.2%0 ~ —8.3%0 1 —80.2%0 ~ —65.3%0 ,  F<HB
Gy AR AE A E R AR KL S P E AR R K 2 Z (8], Kok g (DLL) FiigE 3 3(HC3) 1l
IR (QS-R) H 8L T 45 B 2 1% 1E ) 32 %, 146 B T K 32 SRR F R KR K, 16 T RE A 2D IR
RN 25 o Ca-HCO, F Ca-Mg-HCO, B 7K 1) 7K 0§ #5108 B2 1 e B I [R] 6, K Ak 27 24 0 U T
H A WL 5 Ca-HCO, - C1 il Ca-HCO, - SO, B BR 555 4 WAL A S&4h 8 A & €1 .SO% i iAkR
A ;Ca+Na-Cl-SO B (5 4k BE 42 5 ,Na™ [ C1™ [ SO5 ¥k BE M e B dh 19 3~ 60 %, 1A SO ¥
JE v TR SR K, VA PR T R A A TR A R Ak I TR, BV A N 2R Bl Y R 5 Na-HCO, - SO,
il Na-SO, - HCO, BY U] J& T R AR 7K RN it A4 TR 5 1 1A o

() TEMRE R 2 E A R b, U G BBt ] s B 00 TR Ui 1Al 1 2 & A el 2, AT
SR KRR IS K AE A TR B W25 4h; Na® Mg™ [ Ca™ [ CL™ SO X 4 5% 1 3l 1 1 17 45
T RAFE SV 1 IR 4 BE 2= LR I V4 8 1L AR O e R 4 1) R e L
U,

%k

AR E A A A5 1976, 56 T 1 Sl 4t 7R FR VR A sC Y 18, s BB, (3) , 195 ~204.
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Seismic-geochemistry of Groundwater in the Anshan-Haicheng
Area,Liaoning Province

. 1,2 . ! | . 1,2
Wu Ketian'®  Cui Yueju"  Sun Fengxia"  Du Jianguo'®
1) Key Laboratory of Earthquake Prediction, Institute of Earthquake Forecasting, CEA , Beijing 100036, China
2)School of the Earth Science and Resources, China University of Geosciences( Beijing) , Beijing 100083, China

Abstract The spatial and temporal variations of groundwater chemical types and their genesis
were discussed by measuring ion concentration and hydrogen and oxygen isotopic compositions in
the Anshan-Haicheng area, Liaoning Province. The measurements showed that the water
temperatures ranged from 11.0°C to 97.0°C, and the total dissolved solids ( TDS) of the water
samples ranged from 197.89mg/L to 829.99mg/L. The water samples can be divided into 8
chemical types. The 6D and 8" O values of the most water samples are distributed along the
atmospheric precipitation line in the eastern monsoon region of China. A few deviations indicated
that the well water in the study area was mainly recharged by atmospheric precipitation, but the hot
spring water mixed with small amount of deep fluids. The Ca-HCO, and Ca- Mg-HCO, waters
resulted mainly from rock weathering dissolution and cation exchange;Ca-HCO, +Cl and Ca- Na-
Cl-S0,,waters from rock weathering dissolution with deep brine mixing or likely sewage pollution;
Ca-HCO,-S0, and Ca-SO,-HCO, waters from rock weathering dissolution and deep fluid mixing;
Na-SO,-HCO, and Na-HCO, - SO, waters from atmospheric precipitation with the mixing of deep
source fluids. The obvious chemical anomalies of the ground waters were well correspond to two
earthquakes of M, =3.0 in the study area during the sampling duration. The Na*,Mg>",Ca*" ,CI",
and SO can be considered as the sensitive indicators to local seismic activity.

Key words: Hydro-geochemistry; Earthquake; Hydrogen and Oxygen isotopes; Fault

zone; East Liaoning



