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KW B AR S EZAE L (Gaillardet e al, 2R AR 2 e T B A A5 N A Z —  ((Tsunogai,
1999; SR, 2017), littu;xiﬂﬁTﬂ(ﬂ:qa Wakita, 1995; Favara et al, 2002; Fb 7 & 4
Wt 55T, PR K A28 LA | 20185 XUBLEAE, 20205 JA RS, 20205 Bk
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BH4E ) 2021, 2022; Yan et al, 2022) ., iE4EFK,
1R 22 35 F) F 1 2 Wi 84 b 7Kk 2% 21 Rl B U4
[F] 3 22 A% 338 A % 570 ML 32 1 T i AR A 5 vh B T
WZ WA, W Kingsley 55 (2001) ##T5 %W,
— S v gl 52 R P X R LR % R K Ak A
TR S RE AT 7% W R; Skeleton 55
(2014) RIAEVKE KHER 2 WS UL EHFRTT,
8D, 8"0. Na' ¥ B4 f8 bRy th B % @, M
T AR LT 3% DX 38 b 7K 7K SC b ER A6 24 28 1L RFAE 5
AT (2021) F DU A R 2 2 1 T SR K 64T
Mo A, S5 RE W ROk PR Na® | CL7 A
SO; ™ 2585 F-2H 43 % H: 300 km 5 Rl P 9 o o b 72
A ERMERCR . Bt BFSE LR KK Sk
ez s A, AT B9 DX M e e P ) R i 4 gt AR
HuBR AL “F AR

B 2 LR R T T L T v R G A i A
PR r b 2 A i b By, OB AR AR LR T Bl 5
U, Pis BRI ShsRE O MR (APERARSE,
1984 ) o FIHI0S B 22 11 2 R i 8421 A T 5 3 2 L 52
PEIE S A Wi RTE sk . TR AR A A M
Wb AR A AE (B A, WALA, 1982; FhME
&% 2009; Yang, Dong, 2020; Wei et al, 2021;
EAMEEE, 2021; Han et al, 2022), &= Wraday
PR 7K K ST 3Kk Al 2 AR 5 5% 1 S A4 AH SC AT
8. YT, ASCRIA 2= I AR W 244 Y 10 AN
SRR KA R F T G, AR KR I BT R
(Dol SRV 3 €/ L R R T
W R8T 1l KK SCH R AL A AR, Al 53 T KA
IR, IR A A B ol U K 32 A
R, 3l X T KR s AL, BF 58 R
XoF TR BE =2 L1 AR TR DR 2 R A S B —

B
1 WF5E XA

WFSE DAL TR PG 20 SR B =2 L AR EMT 2L,
R TS BIMI AR, W 2 LR 6] R
PEIE A, 1k T3k 5k, K2 120 km, W ZE [
NNE, fii[] SE, fiiffy S0° ~80°, JE—Z&3A fihet
TRIERTZ . BT AR 245 shar 21, 2RI
W T B e, 1970 ARRDRIZMIX 3L A T
22 YmE=, Pis B kAR 1739 A2 —R)1 8 4t

WE (RFAEAEE, 1984; Lin et al, 2015),

WL E R B 22 L& TPl T 5 X, O ZRiR
TR, AFFER, AT hE, BEKIRD, EREHA,
DXCIRAE -l 9.52 C, Rk 3 AR TR fE A 4R
6—9 H, A VIRER 22 192 mm, Sy AR
PERRRHE (B, #3558, 1990) o WIS DX AR
wrE A AR AR AR A, s A AR AR
. AKE. Huf, UG A b RN A A
ke, LA LSRR 5 DU R ORI AR B R 7K
TOKZ, EEBMEARLEEK (Wei er al, 2014)
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Fig. 1  Geotectonic settings, sampling points and the

distribution of historical earthquakes since 1965 in the

study region (according to Dong et al, 2021)
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FEG 403 W1 ~ W10, SRAEERTFEK 3R L6
IRFENEPE 3 W, BRAb RAE S H 250 mL R 2k
REEFESL 3R, FHTIE EREILE ., MEtRNIE
AR Z, Hodr I e S i T 2R A0 KRR T AR i iR
PR IRALZE pH (H <2, HUFEJE R AL % B f
A7, FEAEPIE N6 A L 50 2= 40 Mo () sk 1 FH A N
A ZE S pH T I K EERY pH (AR

Z NI £ 28 A v R A G T v 0 A 5 B
Bk ot 58 e P KA A KT Na™ |
Mg>*, Ca’", Cl™, SO;” FFH %8 F & 5
ICP - OES {lll5E, HCO; 5 CO;™ R & LM e,
B, PHES TRl iR 22 /N F 5% ; SAE RN R
20 R AR [R) A5 28 o 35 A2 MAT253 i, Hi 2%
AR T e g AR - 25K (VSMOW ) 1)
Tor2E 2R, M5 AR B 53 B T = 1%0 F1
+0. 2%0; TR ICER K HH B A SF 8 1K & 51t
P ICP — MS 52, 4IRS 8 7T 3% 0. 001 mg/L,
X2 <2% .

3 #RS1he

3.1 ZKALZEHFE R A E 2 #r
3. 1.1 AKABZALH AT RRAE Bk A 2a 2l

WF 5 XM T 7K A 2 BRK Ak 2 41 3 e AiE
Wi 25 LR 1, BFGE X N b R KRR R E R
12.0°C ~29.8 C, pH{i N 6.9 ~8.5, Hrh
90% Lk ' /KKE pH >7.0, J& T mtEKA, S
FAH N 565.8 ~ 6 325.8 us/cm, AV R A
(TDS) 5 229.82 ~1353.23 mg /L. kK
Hh&EFMWRE . SR K& TDS BFE KA
Fr b, Al Re S o K0 R R e AR Y AR R
YEMA —@E K FR (Zhang et al, 2016) . Hi KK
FEP P ES FF L Ca® . Na* . Mg®" . K* 3}
F, Bk ELEH N Ca®" >Na® > Mg™" >K*;
BB LA SO;- . HCO, | ClI7 &, FiiikE R
ik SO;” > HCO; >Cl™

£1 BRRETKERSERKMLEESBE
Tab. 1 The parameters of the sampling sites and the hydrochemical composition of the groundwater in the study area
AR R KEE A en/ KR MR/ BFHE/ (mg- L) TDS/
R fE w5 (°) () (C) ’ (pseem™)  Na* K* Mg* Ca®* Cl- S0} HCO; (mg-L™')
I W1 106.65 39.18 29.8  7.49 20064.5 47.48 3.96 66.51 154.58 58.28 440.03 330.6 1 088.02
EoRVE W2 106.59 39.11 21.2  7.35 2 405.3 41.88 3.02 30.72 80.83 25.27 213.23 150.2 1078.20
(B W3  106.48 39.08 28.9 7.56 1799 104.12  6.53 118.35 139.99 80.29 526.44 207.5 1081.72
fimFIH W4 106.31 39.18 28.5 7.06 3 850 94.45 3.98 35.63 155.90 59.41 37.53 171.4 875.24
+ WIRF W5 106.27 38.96 27.0 7.27 2164.9 78.81 3.78 33.94 101.66 131.03 180.00 169.5 615. 89
x KKl W6 106.14 38.89 22.3 8.53 565.8 19.93 2.71 14.08 74.76 18.24 70.18 170.4 685. 89
" AWEDS W7 105.67 38.76 23.0 7.75 4019.9 123.63 2.95 39.79 70.24 152.13 190.19 160.5 660. 38
piN/au W8 105.98 38.71 17.2  7.39 1910.5 20.68 2.53 23.14 80.32 21.07 68.46 223.4 328.49
FEFO W9 105.96 38.67 14.9 8.01 1 699.2 41.23  4.22  20.59 48.69 37.52 74.02 220.1 337.19
/NAF W10 105.93 38.60 14.6  6.90 1838 18.02 2.07 9.10 58.43 11.67 44.67 170.3 229. 82
20+ W1 106.65 39.18  20.3 7.56 2559.5 112.10 6.94 133.16 149.00 94.88 683.70 339.5 1353.23
TRE W2 106.59 39.11 18.6  6.61 2645.3 41.27 3.81 27.85 76.46 37.95 199.60 153.2 1 162.30
(B W3  106.48 39.08 16.8 7.52 1883.6 48.80 4.21 71.41 170.30 70.91 501.80 206.2 973.57
fimFIH W4 106.31 39.18 16.6  7.78 4005.1 110.90 9.73 50.28 190.00 95.88 607.60 177.7 1 157.10
i WRF W5 106.27 38.96 16.1 7.70 3854.1 98.93 4.26 40.36 121.80 169.80 264.30 171.8 788. 46
* Kok W6 106.14 38.89 14.9 8.52 3775.2 18.58 2.18 13.17 75.77 30.96 79.43 179.7 711.74
& /3% W7 105.67 38.76 12.9  7.79 2145.6 126.10 3.22 38.96 70.86 170.80 207.80 170.4 705. 13
piN/3u W8 105.98 38.71 12.5 7.87 619.4 19.47 3.77 23.49 79.29 30.96 85.32 226.1 356. 83
FEF O W9 105.96 38.67 12.3 7.76 6325.8 67.66 6.37 18.66 59.39 55.93 108.00 221.5 429. 11
/NP W10 105.93 38.60 12.0  7.79 3 349 17.36 3.54 7.69 59.92 17.98 49.06 172.4 243.57
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A 58 X P = 7K 55 A 7K A Y Bl K 2
1€ Piper =2k (& 2), Jf H&F K51 5k Lk
IKFER AL 22 i AT o 28, W 2 A 0L, A5
XH FAKBEPHE FLL Ca® &, Na* Wk, Bl
B FLL SO M HCO; b, XAl fE S Rk
W ZafimmRE s (CAKAE. Hah) H
mREs (A8, MAaEd) AL, T KFEMN

B 4l
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FERHE F N C®F . Na® | SO;” Al HCO; ;
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HCO, - SO, —Na - Ca BN 3=, 7K HH 2 7K
W1, AR AE S HL R KRR Y 7K Ak 2 28 T S iR AR 4k
AR, HA WL, W5 5 W8 Bk k2R H B
%5,

o
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Fig.2 Piper diagram of the groundwater samples in the study area during the flood (a) and dry (b) season

3.1.2 EEET L)

R, T 7K 45 B F R A B R FE—
FEFRE 1 AT DA AN [7] 25 X b 7K 7K Ak 22 1
B2 (SCAE5E, 1995), Na™ 5 C17 [k IR iE
# R Na - Cl 9 ¢ 2R M RE . an2l b R 7K Na®
1 Cl” Z v R B (AR 1 1 S HE M, B4
X2 AP R AR UL, &l 3a T,
R AKARE SR T Na® Fil C1™ Z 50 Sk H
B0 1 W EZ L7, FBIHL R KH Na* B 754k 0
AN AR R, i ) Na ™ n] BRI 4%
KIZHEERNHE FASHEH, —MBERT, H
FOKHRY Na ™ EZORIE PR A . IERA AR
fEFRER A1) i WAL i o

MR K Ca® EESRIEF LA, Asf
ERRTR TR YA B SRR Y i i . it
Tk Ca¥ 1 SO EEOR | AT, Ca’t
M SO;™ N H AR PE S R, HBE R L

fHR A 11, EL3b thaf LUA Hh, RES S b
FEULFE 11 2 b, RUIHFE X HF K Ca®* Al
SO;” FERAABWEM. PEHAFERAMT 1:1
LR, FW SO, WA Ca' ik, XA RERE
FH 25 - 22 4/ I sl 2 26 7 0 0 0 £ 45 R /K v
Ca’" SR I 45 5. 4 K BE MG KM SO 7
T A, X T AR S WK B 2 R S R
HeEf X,

Ca’*/Na® - Mg’*/Na® 5 Ca’*/Na* - HCO, /
Na ™ i B8 7R Wk FE OC 2R 32 2 52 26 ¢ R R 55 52 il
ATRLHI R B 58 R K 5O ) & A 1 R G &R
( Gaillardet et al, 1999, B M, 2015), M
Kl 4 afLLFE 1, KFER 40 i KRR i 32 20 A 7
RERRER i JC BT, A8 23 KA AR T B R Eh A
Mzg B Ao, X R BTE X T K12 4
IS RER #h s . 78k ha R R ER A T i g At
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Fig. 3 Plots of the Na*vs C1~ (a), and Ca’*vs SO;* (b) in water samples
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Fig. 4 plots of Ca’*/Na*vs Mg’*/Na® (a), and Ca’*/Na*vs HCO; /Na® (b) in water samples

3.2 HITRKAMARIERIMATTE

PR EE A [F AL R A7 BRI 58 R K i £b
RIRE oy, SRR R AR R AT L 0
SEX LT K B R E S il (5R &4, 2021) 4
FEIX H T KEER 8D #1680 ARl (%£2) 4
i -82.9%0 ~ —61.0%F —11.4%0 ~ —8. 1%0, %
REFRAONIZ IR, ~FoK B SE X 3 T 7K 8D A1 60
T A, BRI ZE WS/,

ARSCR 4 B R A K 2R 6D =7.96™0 +
8.2 (FRMGEAF, 1982) HyGdtih X KRS FEKL T
FEoD =7.26"0 +5.5 (HERLAE 2015), 4T
ST IX L T 7K 8D -8 0 X RE (K S), MWIES

& B ]

n FKH n K
. o Kk ol o Kk
10 100 0.1 1 o /Ng 10 100

T AP Ca’"/Na® 5 Mg®*/Na* (a), Ca’*/Na®k HCO; /Na® (b) #ZH

ARV, 058 XA 2K 30 S A K0 3l T KRR Y
(137 2R AR RE AR B BT 4 [ R /K 2 A PG B R
R KRR I, e W32 DX el T 7K 32 252 AR TR
KM o BT K AR 1 S R [R) £0 3 AT AN [ 7 2 M 1) A
MRE VIR TR L, KET “HERT. —T5
THT, MR K5 % R R e R 8] 8 o0 4 figk, AN W7
VR IRIRIR R T & SR Wy, &R T
R T 5 T AE K PR A S T R A TR
N RACH R, FHIRAK P 600 R E 4, K&
8°0 ML 2R (EH WA, 2013), 55—,
WX AL S e+ R I, AU TR EH AR E R,
KA T T B T K AE b 45 0 B o kA TR A R
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Tab.2 8D -8"0 data, supply elevation, temperature of the reservoirs and depth of circulation of water samples in the study area

AW KEE R/ SD 80 #h R A/ km PAERBE/ (°C) EVRIEL R, RFRVRRE/
W %S m (%) (%) JEk1(8D)  Jik2(8D) Fik2(8"0) FHfH Na-K Na-K-Ca Na-Li (c) km
W1 1079 -74.0 -10.2 1.68 1. 69 1.35 1.57 2021  157.4  111.0  111.0 2.7
W2 1061 -73.9 —10.0 1.68 1.67 1.25 1.53  190.6  152.1  102.0  102.0 2.4
W3 1092 -82.9 —11.3 2.03 2.20 1.77 2,00 180.2  151.2  100.4  100.4 2.4
W4 1358 -66.0 —8.7 1.38 1.52 1.06 .32 1528  131.9  99.4 99.4 2.4
T ws 1073 -68.6 -9.3 1.48 1.38 0. 98 1.28 161.4  137.9  98.8 98.8 2.3
x W6 1307 -66.5 9.6 1.40 1.49 1.35 1.41 2452  177.6  96.2 96.2 2.3
" W7 1508 -70.1 -10.1 1.53 1.90 1.74 .72 119.0  113.6  90.8 90. 8 2.1
W8 1424 -73.3 -10.7 1. 66 2.00 1. 86 1.84 2352 172.0  92.9 92.9 2.2
W9 1285 -70.5 -9.9 1.55 1.70 1.42 1.56 219.1  171.8  91.2 91.2 2.1
W10 1545 -75.3 —10.7 1.73 2.23 2.02 1.99 2296 169.0  81.0 81.0 1.9
Wl 1079 -82.1 -11.4  2.00 2.15 1.79 1.98  179.2  150.9 1141  114.1 2.8
W2 1061 -69.4 9.6 1.51 1.41 1.07 1.33  210.4 1643  108.3  108.3 2.6
W3 1092 -71.2 —10.0 1.58 1.55 1.27 1.46  204.8  158.8  102.5  102.5 2.4
W4 1358 -61.0 —8.1 1.18 1.23 0.79 1.07 206.2  166.8  98.5 98.5 2.3
W ws 1073 -67.9 -9.2 1.45 1.34 0. 96 1.25  154.2 1342 97.1 97.1 2.3
x W6 1307 -67.4 -9.7 1.43 1. 54 1.38 1.45 231.2  169.0  93.8 93.8 2.2
" W7 1508 -67.5 -9.8 1.43 1.75 1.62 .60 1227 1163  90.9 90. 9 2.1
W8 1424 -71.8 -10.6 1. 60 1.91 1.83 1.78  281.2  196.7 84.7 84.7 2.0
W9 1285 -74.9 -10.7 1.72 1.95 1.73 1.80 212.0  171.3 80.5 80.5 1.8
W10 1545 -75.4 —11.1 1.74 2.23 2.15 2.04 286.9  200.0  74.6 74.6 1.7

A, N AT M T KR FLA 18 A i B P L R
BRI AR . KRR BB E IR 52 3% 6D Al
80 WA o B (Y B R U/, BLUA R RN, B

40
50
-60
5 70 -
[a]
w
B0 P 1
B FKH
-90 o Kk
- AEKEMKE
100 , , , — PR
V) -11 -10 -9 -8 7 6
530 (%)
BS HMREKHESD (%) -8%0 (%) * %A

Fig. 5 Relations between 8D (%o) and 60 (%) of

the water samples in the study area

RS 8D A1 8" 0 ZIMAF eI L R, FIH
X — A AT LA 2 b R K NG R B (Zhou et al,
2010) o ASCRIH AT PO 7 24l A 5% X R K
R

Jrd 1 AR TR [ PG AR b X RSB K 8D 11
RO R (T, 1997) A

6D = -0.026H -30.2 (1)

JE2: B sD, 6°0 SEmEXERER (FE
ali, 1991) 5.

H=(8,-8,)/K+h 2)

K. HRIRAMG X s 8 RN BURE RUKFERY
8D 5 8" 0 i 8, Fm BURE S KgAK 1 8D
160 ff; K MKSFEK 8D 87 6" 0 BB FEBhE
KREVEILH X 8™ 0 By 3k BEER - 0. 26%0/100,
8D [ E34ME K - 1. 77%0/100 (Ma et al, 2018); h
R EURE B AR R o AR E PR R REALMY (TAEA)
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SRR K I R BORE, B 1 i X R R K
% 60 55 8D JALCFHIE 53 I HL - 9. 52%0 55
—-63. 19%o.

P (1) (2) FHEMEEFEIX U T KN 45
FEIFRIEFEIfE . N2 AT, WF5E X4 R Kk
FARMPFE A S AR 1,28 ~2.00 km, FH{H
791,62 kmy Al oK HOF 8 4 45 AR N 107 ~
2.04 km, SFIYEN 158 km, SARFEE RN
1.07 ~2. 04 km, 35 HORE R BT TRk R BEAH Y
3.3 MK EGERE R IEINRE

Na - K - Mg =R 5 M T X 7K 2R A,
PEAK - 5P @R A (Giggenbach, 1988) . [ 6
B T RESE DCRTA L R K AR AR K - S P AR,
ATLLE BT R S5 96 78 Mg® " s oL, 3%
WIBIFSE DX B R 7K AL TR PR S

/
300280260240 220 200 180 160 140 120 100

6 MWTRHHE Na-K-Mg =4H
(# Giggenbach, 1988)
Fig. 6 The triangle diagram of Na — K — Mg of the
water samples (according to Giggenbach, 1988)

TGt P R 42 ) R AROK TP O R e B
KIZR, JE Rk Ak 2% 2 53 ] DA TS LA TR S
A K Na = K (Fournier, 1997) . Na — K - Ca
(Fournier, Truesdell, 1973 ) J Na — Li ( Verma,
Santoyo, 1997) [FH &5 b PR b5 1T 5 0 5% XM T
KK R B, 4y B 119.0 C ~ 286.9 C,
113.6 °C ~200.0 CH174.6 C ~114.1 C, Na-Li
HiFRIR R AR Y PG R R P 0 A AN R HL AR
SEARAE, A R A e R A D T R S

ST X R KRR
AR PRl J3E R 214 i it B 32 55 ot AR BT
DTS L R KRR RS, HAHTY:

H=(T,-T,)/G+H, (3)

K HERRH T RKMEARIRE; T, #mitE
RAE IR (°C) 5 Ty 2 BIF 5 DX 1E IR A R
(C); GFRWFFXHIERE; Hy FRBF5E X AE
HEATRE (m),

MR A RS (2013) JefRotim (2019) 1y
WFFEZs A, AR Hb X TR B 5 5y Ty =
14.8 C, G=36.4°C/km, H,=30.5m, T, BUOEH
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Hydrogeochemical Characteristics of the Groundwater in the
Eastern Piedmont Fault of the Helan Mountains

WANG Xiaotao, DING Fenghe, ZHANG Yanxia, LI Xinyan, HE Jiawei
( Earthquake Agency of Ningxia Hui Autonomous Region, Yinchuan 750001, Ningxia, China)

Abstract

In this study, 10 groundwater samples were collected in the Eastern Piedmont Fault of the Helan Mountains to
investigate the hydrogeochemical characteristics during the flood and dry season by various methods, such as Piper
trilinear diagrams and ion ratios. We also discussed how the Eastern Piedmont Fault of the Helan Mountains was re-
lated with the chemical composition of the groundwater and the earthquake activity. We further built a model illus-
trating the genesis of the groundwater in this area. The results show that: (1) The groundwater is generally alkaline
in this area. The main cations in groundwater samples are Ca’* and Na®, while the main anions are HCO; and
SO; ™. @ Hydrogen and oxygen isotopes indicate that precipitation is the main source of recharge for groundwater in
the study area, and the recharge height is between 1. 07 km and 2. 04 km. Almost all groundwater in the study area
is “immature water” with a weak degree of water-rock reaction. The mineral saturation index in most water samples
is less than O, indicating that the content of each ion in the regional groundwater is generally in an unsaturated
state. The geothermal reservoir temperature calculated is 74.6 ‘C—114.1 C, and the circulation depth ranges
from 1. 8 km to 2.7 km. (3 Most of the trace elements enrichment factors ( EF) are less than 1, indicating that
the groundwater is “immature” with low mineralization. The degree of water-rock reaction was relatively weak. (4)
Water temperature, mineralization, mineral saturation index and water circulation depth is high in the north part
and low in the south part. The small earthquakes’s activity has a high frequency but weak intensity in high value
zone of hydrochemical components. (5) Groundwater in the study area is recharged by infiltration of atmospheric pre-
cipitation in the nearby mountains, and the groundwater during subsurface circulation is heated by the Earth’s heat
flow. The groundwater reacts with the surrounding rock and eventually rises along the fracture to the surface as hot
springs.

Keywords: groundwater; the Eastern Piedmont Fault of the Helan Mountains; hydrogeochemistry; hydrogen

and oxygen isotopes; trace elements





