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B M6. 5 WIRZRT, AFFINVIHLIXH PR Ca™" |
Mg** | HCO; | i 5% (6 F R, F~ & & bt
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DOIEER, EEHT PN 5 H DO R T B B —
R Z K SCHER A2 W I BERE . AR S a0 N 52
I TR G M XA TR K B Rk R R AR
ALK L R, S T2l XK ST 3R Ak 2 5 5 R
PRI, HAKCEFEDIRAS, MR EREE . &
%S SRR T S (PR TR
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WS AR XS R A X B bk
e DXt Ak PR S5t S i LI, i el X Ak R
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AR s Vb X NE [\ B35 /- A5+ 91 5o 45 Wy
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AIPEREAMRIT TR ME (1), TR X RAE S
W A W R A, R AE R BB AL K
TGRS VD L IX 5 K 2 A M oL . T an b K
WA, Gz KRG AR 77 3 L 1l
DR RAE b AL T R 622 0 1 B L b B 8 X T B
L Ly 3 T —/\ B 5 M 2 i 5 iR AT D R
AL M, MBS, HBRRIZHE (E 1),
Fekstili, KRKE, ZRKERK, WATERE,
AR ZN, DT Bl AR B R, 38 L M KR
bSO T VG TP X R T R R b
SRR PR AR N — EL BT LB (& 1), &
TG AR, P AR LR AR, IR
9100 ~250 m, ML E L. FHoL. .
R A7 20 B ) o BT 5t 32 XS O R P IO AR

JEEER, BEKEB TN, PR PRI AR, 5
R AR AR AR R A A X, R
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Fig. 1

Seismogeological map with the sampling sites in the border area between Inner Mongolia and Liaoning
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SHEHWTRE | BN — R T 255 — ZR 41 NE [6] B 2
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H 7 A ) B H BT AL i A (3R BUIR 4, 2015)
1990—2021 4=pF 5% X JEl i A A4 3 g LA b i 7% 485
W, HPaHE 4 WA MERE . 1999 4E 1 H 29 H
BIARIERETT M5, 2 #hF2, 2003 4E 8 H 16 H N5
—IL T A RN T AR L BT R 2 0 T b IX
MS.9 Mm%, 2013 4E 1 H 23 HIiTAATATIEN . ok
BT AR X A A M5, 1 Hif%, 2013 44 A 22 H
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2017 %5 H 22—29 H, M EMERHE
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AKEE, T IXCRAE 2 kAR, IIXCREE 15 A KEE
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KFERE, Blig e T K pH ., B F X
(o) FKIRSESH, [RBI T RAE S AR
ARk B A3 HP [ AR R M AR T A 5 I A
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B B2 S50 3 1, SRR S KRN
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TR, 3 T LU T K R A 25 R R . b
SRIX A B B TR IUK SCIE 3R K K 5 R
KM EFALR (FAL5, 2010),

EIRRAREK (GMW) By & A R 2H iR 2
P75 £k ( Rozanski et al, 1993). 8D = 8.175"0 +
10.35, WFWFFE X A AT 4 7K (R 467 2R 0800 4
i, PFrDASCR H E ARG XK R KSR (%
/NKEE 2012): 8D =7.208"0 - 2.39 L FEMITIX
KAFEK (LMW) B R R AR A . AR
12 AR 3R AL A /2 GMWL A KMWL fff i, 3%
WK A R 2R A A2 7K — 2 R 2R 28 48 I g AR
TR R s BN (B 2) o 4 K4 4 5 A 7
GMWL fil LMWL 285 ( -13.13, -96.95) I,
WX K FERL G 46l 8D =6.46"0 - 10.1 (R® =
0.917, n =25), HAPRE/NT GMWL F1 LM-
WL, XHHEFKRI B TKREZE LG R T R R
S, 5STR. BT RREERENAE, =T
W, ZE IR FH 8 ) BRS04 4 R IR B Y R SR
KRS R —3 (SIS, 2015)

25 AIKBE RS Z T K KRR g Bk, 1
XKL B A TR 28 2H A Eb T DX KR 1 T 4 R 4
B, BB 1 DA AR v i X3 P 3 ) o 5 X 37
RE N A AR TP B 2% K VR FH R T K AR i A8 4k, TR
IR W X ORGSR R B vk . TR P, 5
IAAEIR K e R % Y). MHQ, RST 1 YCYC 7K
FERY R R A 2R A i 5%, PTRE S B T 4R 1 K
SBERULA ZERET AlAL , AES JKBERFE X H
FONF UL OB RS, PR SE IR TR RE, Rk
S LT, FRRARME IR, SR AN AKFIR
T CO, Mt A7 Al EAc 4, (45 6 O {HFEAR,
[F] 52 DX 78 e v A A 5380 8D (Y 7t

AT IX 2= 750 P i 25 B K, P AR A AR AR i 4R
E2Z45 1000 m, 8D H1 8™ 0 {f 23 [u] 45 fk 55 Hh #
AL M XF R, T X AN I X K FE RS 8D fEH N
—106. 7%0 ~ — 70.3%0, 8" O {H K - 15.6%0 ~
-10.8%0, Wl EERINEAFNZER; MXIKFERY
SD {H K —=73.6%0 ~ —57.3%0, 80 {H K —10. 0%0 ~
=7. 5%, WEEEHRMNAD AFME (K2), X
BB T RAREIK ) A5 B 2400 5 | Y (R 2% 4 5 4R
M, MESEA, BRI, FKWE
[FfL 2R BTk . KA KRR R = Y 4 A7
AR R R A R AN, R R (R
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Fig.2  Plot of 8D vs "0 in the groundwater in the

border area between Inner Mongolia and Liaoning

(Modified from Cui et al, 2022)

HRAREKM RS Z AN L, B s RS 100
m, 8" 0 {H F& A% 0. 15%0 ~ 0.50%0, 8D {H F& 1%
1. 2%0 ~4%o, & R 25 40 B ) A7 s 25 LMWL 3= 22
JE K - 5 R 28 A8 46 S g 5 | A R IR T A TR
MY . PEILTIK 2R RS, LST KAE S A7k 2 H
BEIKFEAH LR BT E RN 2=, AT I BT 7K J e 3
e B R A o =
3.1.2 #MAXERE

FIFH 22 M KR AR TR A 28 o R AR N, AT Al
R KA X = R WIS (2006) it [l
P TR 80 (5 RER RN

&S - 6P
K

H= +h (1)
X H RN EB AR ; 8 KB 6°0
{B; 8P IR 80 fH; h A/KFE SRR &
RFENE R S ERREE . #5 b BUE - 0. 58%0/100 m (H]
FME | 2006) , 8P BUE K —6.63% (GNIP), Flff
A 8O kil LATH AT B R BE AU R KA
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XM S —IL T 38 S DX R 7R Ak~ 2R A0 SR R 73 i 63

XERFE (3R 2) o SRFR S0 R R FRN 25 DX 11 v A
ZEWBIKRZ 10 m, PEILKRZN 5 m, 552
PruufE AL, P, PN RE 7K 2R KRR T B 27 B B i
L B RIS B SRR 2 1155 m
1250 m (1 DR B DX A R SR K AR 2 M (3
A, 1985; LEGEAE, 2008), PHILTZK R ILX A
R KA X, VAT A4S 3 M. VG A YAT S JEA R K
HARHLIK
3.2 K FEEBIR R E
3.2.1  ARAk2AZAY

MRIEEF R H K432, HFFRIX 25 oK EER]
PR 12 FRkARAE R (1) TXHERE R, A

K2 ARH—ITFRFMBRMTARESIETE
Tab. 2 Calculated elevation of the groundwater recharge
areas of the sampling points in the border area between

Inner Mongolia and Liaoning

53X RS S ERE/m AN ER/m F{EH/m

GGST 1240 1250 10

AES 988 995 7

BYNE 1242 1249 7

MNT 1343 1350 7

! NS 1023 1031 8
MHQ 1290 1 305 15

YCYC 1036 1047 11

RST 1079 1093 14

IST 593 603 10

f RS 683 693 10
DGT 446 451 5

WDG 380 384 4

YIYZ 477 482 5

FHL 534 537 3

sYc 295 298 3

YXMH 272 278 6

DTS 286 291 5

m ZBGQ 269 272 3
DQGZZQ 234 240 6

DQGY 238 243 5

DQGE 221 226 5

LHT 216 218 2

KZHQ 274 277 3

SDML 151 153 2

SDSK 150 155 5

T FKAAZEAY, 53518 Ca - Na — HCO;, Na - Mg -
HCO,. Na-HCO,, Ca-HCO,, Ca-HCO, - S0,
Na - Ca -+ Mg — HCO, } Na - HCO, - Cl #I; II [X
LST 1 RS 7k ¥£43 514 Na — SO, - HCO, ., Na - SO,
ALy I XK A 2R R Rp RAR X T 5, A7 7 Fhok 4k
2R Wk Ca — HCO,, Ca — HCO, - SO, .
Ca - Mg - HCO,, Ca - Na-S0O, - HCO;, Ca - Na -
HCO, - SO,, Ca - Na — HCO, I Na — HCO, -
SO, #Y,
3.2.2 BRI

HUFK TP BB R IE T LAy 4 2 RAH
AL ARG RESRIARA R, T CL M
Na " 7E7K - FAE I R A 5 i EMATTE , Fir A
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(modified from Cui et al, 2022)
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Abstract

The hydrochemical types and origins of the underground water collected from 25 hot springs (wells) at the
main active fault zones in the border area between Inner Mongolia and Liaoning Province were discussed based on
the isotope ratios of hydrogen and oxygen as well as ion concentrations. The results show that: (DValues of §D and
8" 0 range from —106.7%0 to —57.3%c and —15.6%c to —7. 5%, respectively, which indicate the waters have
a meteoric origin. The TDS values of water samples range from 40. 14 mg/L to 1 720. 87 mg/L. The ions of the wa-
ter samples with low salinity (7DS <200 mg/L) mainly come from rock dissolution and atmospheric input, while
the ions of other water samples mainly come from rock dissolution and deep fluid. The atmospheric input is relatively
small, but the contribution of deep fluid at each survey point is significantly different; (2)The low-temperature,
medium-temperature and high-temperature water is all granite fissure water, and their hydrochemical types are sul-
furic acid type and bicarbonate type. The dissolution of alkali-feldspar in igneous rocks leads to the enrichment of
Na® in groundwater, and the surrounding tectonic activities are relatively active. Among them, the RST water sam-
ple is closer to the hot water characteristics of deep water storage layer, indicating that the water sample is mainly
affected by deep fluid; (3)The NS well and AES water samples from the northern plateau area of the Yinshan Moun-
tain are CO, supersaturated water, and the soda water is Na - Ca - Mg — HCO; and Na - Mg — HCO,. AES water
samples have the highest salinity due to the leaching of surface soluble salts by seasonal precipitation in arid areas,
which can be attributed to meteoric water leaching soluble salts and mixture with the CO, — enriched, deep fluids.
@The KZH(Q and BYNE observation well are located in carbonate rock aquifer and gravel sandstone aquifer respec-
tively. Because Ca’" participates in mineral precipitation, Na* is relatively enriched in the water, forming sodium-
bicarbonate-type water. The chemical composition of groundwater is greatly affected by deep fluids in the seismically
active region.

Keywords: ground water; hydrogen and oxygen isotope; hydrochemical types; supply source; the border

area between Inner Mongolia and Liaoning Province





