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Table 1 ~ Statistical analysis of water sample test results
SH 50 K' Na* ca”’ Mg cr So,” HCO; o,y TDS
/%o /%o /(mg/L) /(mg/L) /(tmg/L)  /(mg/L) /(mg/L) /Cmg/L) /(mg/L)  /(mg/L)  /(g/L)
K (=9
RKME 3424 567 16.06 149.47 127.08 58.64 196.76 142.98 466.80 29.91 0.76
RME —6041  —8.00 0.65 99.37 9.36 25.95 58.62 21.29 239.63 0.00 0.48
PHME 5198 —7.08 3.63 125.40 48.55 39.65 112.90 59.60 377.22 12.28 0.59
WUFIK (n=6)
A 4832 —6.98 2.83 301.92 165.49 117.25 534.69 260.78 681.00 30.20 1.66
mAME —56.14  —7.89 123 212.00 63.37 65.30 186.78 104.75 521.00 0.00 1.03
EHEME 5181 —7.46 1.99 239.51 116.60 91.24 321.91 191.09 616.88 8.56 1.28
K (n=35)
BRI 1638 —2.09 57570 1422449 116338  2136.00 29773.94  3815.84 697.00 61.77 48.42
BAME S 5934 -8.62 425 899.00 86.33 181.51 1784.00 269.83 0.00 0.00 3.84
FEE S -39.32 520 14831 6356.64 546.14 104093 12843.13  1968.89 347.47 17.04 23.09
K(n=10)
RAME —4099  —443 126117  45363.00  1782.00  7780.00  85162.00  11408.00  559.00 23.75 152.00
BAME S -57.07 774 30200 1572064 33726 2647.00 3292800  6201.00 3.04 0.00 60.71
P -48.61  —6.17  839.22  29553.68  916.78  4499.74 5408579  8171.18 290.81 7.68 98.22
K (n=1)
F¥IE -1623 129 323.74 8177.55 384.65 999.60 13734.17 1956.40 133.81 23.93 24.93

AR IR .
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Fig.3 The Piper diagram of the groundwater samples
10 -1 .
_____ g Ak @ - WOKAKIRA . ®
Uy N 1S 2 IR/ KR A2k )
T WA ARG Sl 9
‘e o
20} /" 4t @ oy .
£ (% ’3,' g le] ’
Y o ﬁ%o'% © © ..!.,.
—40 + o/ - B -6 | o J
2 o ‘ ;@
o Ve o Q v
50 - 7o-8% o -7 o . O_,; o
% o . . °
Je®_ s SRR
—60 % ”. 8k o (4
7 o
~70 I T R R B B R 9 ! ! ! I
-0 -9 8 -7 6 5 4 -3 -2 -1 0 1 10! 10? 10° 104 10°
8'80/%o Cl'/(mg/L)

4 FESRBTFAPBERMCEAR (a) MRS X TR CI5 60 H%% (b)

Fig.4 Stable isotopic composition of groundwater in different zones(a) and Cl vs 5"°0 diagram

of groundwater in different zones(b)

e [ R 25 1 A S0 5T UK X R K Y 8°H
EAF-36.99%0~—16.38%o, 8O {H A/ F—4.86%0 ~
—2.09%0; PRHIEK X T 7K 8°H {EAT—59.34%0~
~32.53%o, 8O {H A+ T—7.96%0 ~—3.69%o0, Wi 45 ]
R TR, P XA gl K R TR) v 2R B 4, SR T
K, TR HAZ BRI K AN E £ . DA #
B, SN VS e R 1Y 1K 7K R H TR K 28 R R 4 E R
g1 R O B R, K R R 8PH A SO
{8 29 B R T g K, TRFSE IX 5 7K /9 8°H (54 T
—57.07%0~—40.99%o0, 5O {H A T—7.74%0~—4.43%o,
HAEAE IR K AR K 22 18], ELEE g 1) TR 7K, W
KIEBGE R A IRKN S5 . PIREEUK X S A

[F 3 2R A Al DX L, 5k 20 W, K b 25
KRz, ZRoK . oK K IERIANS o BR
BEHEIRK XA, HoAth DR ZHORAE mi i A A R R
(MR R e i A s, K2 T 870 RSB
G, FEIE P KRR AN 1 T K i A R A
A2 T 2K R AIK -6 B T B S

Cl MK AR I P W I bR i 8 1, 3l
FHYE CLVRE 5 80 X R AT KA RIR A
A KL 4b AT LAFE Y, T T A 8K A T 3R 0K Ui
JUANEE KT IR 2k b, 5 CL Z i) 2 —E ik
PESCR, X R IR R P n] RE LA —,
FORIRTHEIK . BEABIKTEIR K | 7K B2 5 7K S



% 40E 53 W

HOHTH e LRI TR Y IR X M R AR A A A 69

JLZ 18], 4678 ARG Z A BOK PR AT RESE i iROK | 1
KN AR T o

33 FEETTHAFE

Kl 5 hEEE TS ClRLRKE, KK L
LR AR RS Y TSR . YW WA
SIS AT AR GEE K, T 0. WML IV, V., Vg5
FoR AV ABTFFHRUUR ., AETUR ., AT

RO, AER VTR, ISFIER IR,

iR K Y B AR RRAE, WT LA AR

T ) K FIRK PR AR . INE S ATLUE H CL
5 Na'. Mg” #1 SO, A BRIk & &, B CI
Fr IR, Na', Mg™', Ca” F1 SO~ AR 4
KA A, X LT REORIE T RE—B. Fr A ks
RIEA FERL FIRIK K IRIK /1 7K IR £ T,
FEARTIURK X PN i /K DX I T /K DX A L T 7K
JERIRAK K IR KR ETE A

7E CI-Na'55 CI -Mg” % & [# 1, Na', Mg” #fl

3200

I
PR ERRA

YK/ KR AL
L s fpKIELL

2800 |-

2400 |-

2000 -

1600

1200 -

Na'/(meq/L)

800 -

—400 | | |
1 10! 10% 103 104
Cl/(meq/L)

600

400

Mg*/(meq/L)

200

1 10! 10? 10° 10*
Cl'/(meq/L)

X ClURERMERE K, Sk X, B K X R
JHK DX 1R 7K R A0 FIR K A K IR A SRR K/
B K TR A R IR, 3 3R BH LM R 7K b o3 ofe Y5 2 22
JEIEK R K o T PR K AR E T K B Na '
Mg” Hil ClHBLENE K 22 |, BP9 i K X B T 2 3
KRS ARYE FEZ K
7E CI -Na 2 R &, oK X . UK X | it
JHK X BT KRB R EIR K KR G2 -, N
Bl R DX B 7K DX A3 A FEIR K/ s K TR A4k 7, BI
TE A R K I B 7K X R 7K R, Ca® X 4,
FETERE DS B TN A R UR, 25 & T BEVAUE T 1T
B e P sizE k8L, WA . Jrfdass.
7E CI-SO,” A B, WUBK X | R K X
)2 AR SR K DX 1l 7K 53 AR FEIR K A K IR A
2% b, T A K DX A 2 R K P SO,
TR IRAK/RKIRALR, BT 4, K20 B
AT BRIRER 38 SN
M < KA R — e, HoOP B A 14
100
90 °
80 [~

70 -

60 - e
50 - L4

Ca*/(meq/L)
&
-'

- o
40 11
30

ok _

~10 I I I
1 10! 10% 10° 10
Cl/(meq/L)

400

350

300

250

200

SO,*/(meq/L)

1 10! 10? 10° 10*
Cl'/(meq/L)

5 RE4RAKMER yCl-yNa' (yCl-yCa™ yCI -yMg”’ (yCI ySO, % %&
Fig.5 Plots of yCI vs ( yNa', yCa™", yMg"", vSO,”) of groundwater in different zones



70 Marine Geology Frontiers ML T

2024 43 A

HE, R <KL KA LT
B, AR T bl 7K A5 B 20 43 £ 0 Y% AR AR D
BFREKERGELE b, 2, 5 KRR
Bl 2k, LB M i KA 2R VR Tk, ol &
TEJG R B9 WA PR B & A T RE el AR HAb 2 il A 1)
WA AR SETLLE L, 1 K SV T i
TR 7% J LRI, TIE BH 1< 7K 38430k H R i K (T 7K
RGN . SR, B 5 1) 4 > EEE TR,
B 7K DX KRR i S A Tl K 78 R 4k B R [R]
BBt CI-Na 2 & i K i Tk 28 k4
1 R RA B s C1-Ca” e 2 ki K sy Ca” ] 48
B TR ZE R A B FF R DU Ca”' ik 5 1 B
EURBE s CI-Mg™ e R B rh ik K S Tk 28 R 4
VR IR Y BE s CL-SO, 3 28 vh i 7K 5 45 T
IKZE K2 F ANV R a] B B o 33X 3 BIFSE X N
BT 7K DX 2 H T KT i R AN J2 1 B8 T 7K 28
WA FHE A R R, % R /K- 0] A4 PH B 13 e b
P4 fdiHh Rk H iy Na & i, Ca™, Mg & 1
L, WYl Ca® . Mg” #l SO, St £, L)
Ko HA A 7K SCHBER Ak 27 1 R 5 . /K F 2
T R A AR A, HEDN 2 R X IR B D T K T
AER Tk IR gk IV A LW TR TR B B, LAt
WREZ R 348.9 /L, Ji X4 iR K IR &K L ZE
B BT 7K (CBRAG 5 Rk S8 7 3 M S e e il 7K PR e e
kg R 216 /L) .

34 FEBETEREDH
Gibbs [ J& F| H 7K 5 BH &5 - ot & vk B He{E

10° (2) ’

10* E

TDS{H/(mg/L)
=)

,_.
(=1
T

T

TDS{H/(mg/L)

Na/(Na+Ca)

1
0 01 02 03 04 05 0.6 07 08 09 1.0

Na'/(Na'+Ca”") Fl JF B 1 5 fit o 7 LU B CL/(CL+
HCO; ) 5¥ it S B A S 7 (TDS) B OC R, 7 W
S B 7K = B A4 o R 3 G AT O v, — s
TR RN LG MER . AaRUbER . KR
BRI S 3 700

ME 6 AT LLE ), KEZHRE A TR R RE
TR BRI, D BH AR AKX bR 7K 1) B R A FH kL
BT o IRIK DX AUSK X H T 7K 3 A1 T2 A R
FEAE R X, 22 BH IR K X AR X AG R 7KK
A W R i T2 2 32 K A BV s . P il
JRK DX BETRE A DX R 7K DX R AR ASE 2% & 4
s E R I, IFAEZE AR RS2 T i i 4
XIRF3 . BE%EZE &M, ', Mgl COy BT
I R B RRER VTR TN, SBUR L 5K X AT
J2 4 F 7k Na'/(Na'+Ca™") F1 C1/(CI+HCO; ) Lt
TEIGR, Fa7n HIRZ M T 7K AR R ER DTIEVE A

3.5 KUFERUIE

e T K AG32 Bt AR, M R 7K 5 Tk el
(9T R AR S, 43 Wb R K T B A
TR B2 5 57 it 4B R
T X5 M R K KA 2 A R, 1 i A
B(SD RUR R MK K R LS 4143 i 22 8 257
WIS HT T K I R A 1R K SO ER A2 VR
3.5.1 FHegE g

bR K E B 7K 2 T B ) AR KT
AR K (I L BE L L, 2R A KR TR SR

10° |- (b) .7

(=)
™

—
(=1
N

T

10" E

1
0 0.1 02 03 04 05 0.6 0.7 0.8 09 1.0
CI/(CHHCO,)

6 AES X TR Gibbs

Fig.6 The Gibbs diagrams of groundwater in different zones



% 40E 53 W

HOHTH e LRI TR Y IR X M R AR A A A 71

PEB ), E o R ARV TR 1) T APIRES . 5
FEH(ST) AT RN 7 T K b TR 25 i
SRR, i T RS R R A R —E
2, — AR SIFE 0 £0.5 BIEEINE = 559
AbF AR, B AR A

IS [ 43 16 3 7Kk v 3 2 4 4 45
] (1] 7) T, D5 1 6 TS 43 X1 R 7K ko 3
A% 2 R T A AR ZS (] 7a), FUR AR BbE 2%
CIVR B (38 KA IF AR . (15 A TR AKX
TR DX LA 5 1A S K X748 2 1 . K e A 4
FILIRS, 75 PR K X2 | 5 K X R 7K X
(9 4 R K e, b Tt AR 2 (& 7b), HA RIS %k
Wi CI R (M BB B N ke . B e 1
K IR B R 7K T ik B RDIR A, T 7E TR K X . U
IKIX . P IR X AR R K X (3 R 7K rh ok 2]
WK (B 7c), FM RIS CI vk J 1 K T
BEKC, AR TETAT A3 X (R K PR b R 4
FLIRZS (P 7d), HoAuAnds b % CI i 2 (1 1 K i

1.0

0.5 %
o

o - —— — — 3 -

05| o o e

Sleacie

2.0 | | | |
1 10! 10? 10° 10* 10°
Cl/(mg/L)

| | | |
10! 10? 10° 10* 10°
Cl'/(mg/L)

N

M 7 AT LA Y, 112 A0 2E PR K IR
VR R K I 5 K XA MR 7K Ak T o AR
B 7E 3 4 55 K 2 P AT RE 2 R A A UUTE LS,
A0 0 5 M R K Ak S % Ak 818
(), b T 7K 5 SR 43k B I FLIR S, 6 R )
T YAk R, LR SR B R
I % B0 4 1T Bl vl T BH s F5c e, Ca™ L Mg
BT ML S50, BAMIBIsE I, J S1H)
W40 Vi L T 6, T A 0 B W L E A
ARFATEE ) BRI 7 24 S K I
VR R R 243 (9 S0, 220 T CO, 43 FE 781k, A
T SO A B s g L g B, TR
B2 NP B B0V, 11 25 A FE T K R & A T
FLIRZS, BRI, 4440 X1 M R K A B A e 1
Zh.

H 7 i A BT A M T A A rp— B Ak T
ST AR, SO PGB, bR S KA o

3

(b)
2+ (]
PR A ®
- kX
oo® & 0o ®
()_______(b___o _ % _
o . _0
£ o
2 °
17
-2k
[ J
-3 L
—4
-5 1 1 1 1
1 10! 10? 10° 104 10°
Cl/(mg/L)
-1
(d
72 -
3+ f
. d
&
=1
==
2] 6 (DO‘)
o
o
_7 -
78 -
79 -
1o | | | |
1 10! 10% 10° 104 10°
CI/(mg/L)

B 7 AESXEMTREREZHT MIERELR

Fig.7 Plots of CI vs saturation index of groundwater in different zones



72 Marine Geology Frontiers ML T

2024 43 A

— AT IRAT o AT AE R K XA R K v b
PRRLRES, e X 3 7K b F AR AR A
AL P 7K DX B R K2 AR R, Fob e T A
KBDAREG G AR08 50 T A 1R K
HIER<0, 4 TR ARG, BEUIZEHL T & KA B h
FEARAEAEEERT . FTLAE I v KB B, ks ik
B4 8 A VLVE T A SR RUBT H R0 BRI B, I A3
B ERTURRIA B, SRS 3.3 sl Sh SR A
Fh_E AT AT, DA DA BV, R K TS
Bt B, VAL T 7 A R 2, S K VA T
Ca™ . Mg™ 3 T —E i TTHRAE T . A 1K X0
T AVE, BN T %X EUK BT S0,T . Ca”lil

ok,
352 MBFI

WFFE X3 F A K2 B 04 & e, ki
W2 B Na Rl K25 5 it R /K P iy Ca” Fl Mg &
HE BB F 3 e, T UL R K P (Ca” Mg -
(SO, +HCO; ) 5 (Na +K'-Cl') Y 22 33 24 ¥k JiF 5%
M E M F K BB Fac et 72 PRl 8 i,
AR[F 43 X 3 F /K B y=—x 2434, LTI T 7K
KA T A B TS, S — SR i
(RS y=—x LRI, TR TE y=—x LRI AT F T RIAE T,
U Na', K'5 Ca™', Mg P s, IR 738
ANEA B IR GTTENE

400 <

350 . ®

w

(=3

(=}
T

250 ®

200 . e

—

4

(=]
T

Ca*+Mg?>*-S0? -HCO, /(meq/L)
)
(=)
T
[ J
[}
[
L J

3
&
%o

0 -4
N \;5 I I L L L L
. . . | | | | -3 -2-10 1 2 3 4 5

—_— N W A W
T 7T

|
&)
LI B —
S P
o

0
~400 —350 —300 250 —200 —150 —100 —50
Na*+K*-Cl/(meq/L)

B8 AE4Xi# AP (Na+K'-ClI') 5 ( Ca*+Mg*-S0, -HCO; ) KX &
Fig.8 (Na+K'-CI") vs (Ca”+Mg"~80,”-HCO, ) diagram of groundwater in different zones

TR K DX RIRUR K X 32 )22 7 i KRR b o T
P0G R, KR Na', K eihn, ca”™', Mg™ &
TREAT, H KTy Ca® . Mg” B T 8 K2 R
WA A Na'™s Kol T K7EZK th & eIk, 7652 B
i FEH, 3B S KA R A9 Na K
Ca”' . Mg" . BRI K

Na-X+%Ca2+—>%Ca-X2+Na+ (1)

1 1
Na.x+§Mg2+—>§Mg.x2+Na+ (2)

TURK X2 . R EK X | TR Jal 7K DX R
IR DX B HL R KRR 5 T4 R R, ki ca”'
Mg” S BN, Na', K3 B AT, # R /K % Na'
K84 7 &KEN B ca® . Mg™ . BRI
SN :

1 1
ECa.X2+Na+—>Na-X+§Caz+ (3)

1 1
EMg.xz+Na+—>Na-x+§Mg2+ (4)

FHMNIE 8 Hal LA B, IROK X, P K X
15 7K X B2 H R 7K P 9 (Ca™ Mg — SO,7 +
HCO; ) M4 X HE B i L HLTRJZ 1K, B 2843 X
TR 2 M 7K BH B 28 4 LR 20 B . SUsK X
VU K X B E TR K P (Ca” +Mg™) (80,7 +
HCO; ) X HE 5% Z A ZEA K, SO X
FRJZ T 7K BH S sc e fe B LA ]

4 Zhig

(1) F IR0 Hi XA R 7KK A 244 fE HLAT I
123 1) 3 A FUAEE, DA 20, 7K Ak 2% 28 80 iy LLRTIR
7K CI'HCO;-Ca #4 B 1+ 47 7% 7K 1) HCO5-Na %,
EIE 7 MUK Y SO, Cl-Ca-Mg B, Fe 2 5]



% 40E 53 W

HOHTH e LRI TR Y IR X M R AR A A A 73

JK ) Cl-Na 8 . HoHl R 7K 2 48 LA 43 IX i AL f
3, IRIK X FIRURK X K A 3 F R ZR R T
AT AR e, P i B/ -5 T K 1 8 U
TIRAVERMZE A, )oK RS FEERET
WK R M AR Ja AR

Q) MRHE EBE 1L, 28R4 0 IRMIE S
PHES T 32 B 243 Bk by, R IX PN A9 TG 1 7K AT
2 TR A SRR B BE, J5 S TR AK TR
BRI BCERAE (4 5 7K

(3) i@ /MR AFEE (ST T AL FEASRIK AR,
J7 A A A0 FEARER AL T FIRES, ARk
SR AR, A B AAE i K Xk B AR, 48
75 M Jii 30V b 55 K A S R — ELAE AR A R
AT, WA PAAEAET XK X T 2K
NG

(4)IRIK X TR K X 3% 2 4 1T 7K -5 el 43
DX 114 1 T K R A 0 B S S e AR AN ], TRk
DX RN K X 2 53R K b % A 1 BH B 7 28
AN Ca’' Mg B A K Z A TR Na©, K
X T BRI B K AL 2 FE AR ) HCO,-Na #i, H
il 43X H R 7K 0 BH S A e RO Na™, KB
BN BRI Ca™ Mg,

SE 3Lk

(1] B&SAH]. v E fl W]  J Joe r i A 25 PR ]l 5 98 2 R 2
KJR[I]. EREGEBE T, 2016, 31(10): 1133-1142.

(2] @AM, &2, B, & EAC S U2 N K
KM, b5t B i, 1996.

[3]  GAOMS, SUN Q M, DANG X Z, et al. Hydrogeochemical char-
acteristic and recognization of saline groundwater formation and
evolution in silty coast of the Yellow Sea and Bohai Sea, Eastern
China[J]. Frontiers in Earth Science, 2023: 1186661.

(4] e, 35K ). 3R R R R K IR IR B S TR AR
Bt (1. v EREEBE BT, 2016, 31(10): 1197-1203.

(5]  BEERE, REFE, WHL, & MBI REKARSBUKAR
BF9E I]. Bl2ddk, 1997, 42(22): 2360-2368.

(6]  SRICKE, BEEHE, Bl SR T 1 7 D 3t DX R K AR B
o R KA RAIE D). HRFL, 1997, 6(1): 94-98.

(7] HEsER, FUEEE, R4, 4. SN LT 17 VRt T /KA R AE
5T 7). W EEE R, 2012, 31(3): 241-247.

(8]  RF, XGRS, LMW, % M X (WK AR [T, 715
HJT, 1993(1): 27-31.

(91 Wk, BEE B, R, S SRR R BUK AR S il oK
MK ACZEARAE 5 i ATE R [I]. #B B8, 2001, 47(1): 102-108.

(101 XURR, ¥ e, XILLZE, 2. e it 2 Rk F I Y18 Al

PRLI]. ME b BT, 2012, 28(11): 27-30.
(1] 56, FEMNE H XK AR 5 R A R L. M S IE,

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

1996, 27(4): 414-420.

o, IR, ZARi, A SN T R T3 S T
U)K ARRZRIIIE[T]. HIRK EFZEH, 1999, 8(2): 73-80.
BH3E, PO RS UT R A SR 2 (T] . LRI 724
(ERBIZERRD, 1996, 11(3): 64-66, 68.

e ML K AR A O BRBE T 5 RO B 5 385
HISER [J]. Z8PF 3, 1997, 21(1): 17-20.

BT, EHA, SRR T, 5. SN R R kK R E R0 %
L ERALFEAE [T]. HUTTIR T, 2016, 62(2): 343-352.

A=, TS5, BRI . D T AL AR b X pa A i 5 3
MR LT]. RS KRR R, 2011(9): 42-45.

IR, BRI, KRR, . SN L HL R KT B ol 2 %
1431 0] MBI T, 2015, 61(2): 393-400.

VG, AL, BAERE, 5. K AR A K S Bk
2R FIWFFE (7). TR:IER, 2009, 37(3): 31-35.

IR, ExmA, R T, 5 MU R A6, 3N A O b
K RARE [ AL 2R 5 MR A2 (1], ST 4, 2016, 90(4):
801-817.

B0, 2L, 2050, A5 LRSIV e 2 it 28 ) v 7 (R 7K
A AR B K SC R A 23R O] b 5 A A S A 5T, 2015,
38(1): 41-50.

HL, SKRIGERE, BRI, 55 SN TR R K AR ARAE S LT
WA-NARXGE & AL B S AT (7], #2741, 2022, 44(3):
81-97.

SRDURE, BAMEAe, THEZ. M VL ] A 1 g K A AR AR
W] SRRl 5HR, 2017, 40(S1): 110-118.

HAN D M, SONG X F, MATTHEW J, et al. Chemical and iso-
topic constraints on evolution of groundwater salinization in the
coastal plain aquifer of Laizhou Bay, China[J]. Journal of Hy-
drology, 2014, 508: 12-27.

FRNE, R0, MRES. AR N N s 7K M STRFAE
Ky g (3], 7 R HBJSE, 2008, 27(5): 631-637.

HRTEIE, e, XUAR, 5. MR I LOR M VS B 7 4 1
ACFERATATRRAE [J] . K SO T AR, 2014, 41(5): 11-18.
TRART, JEmeLr, X B, 45 SN T g 1 K A (R IX I T
ARGy BREE JAR (J] . s ERAITSE, 2005, 25(1): 105-112.
BEARTT, TR, S 3IEIN T o e -9 o) = Ay M LR 30N
USSR (1], HuBHR} 2, 2008, 28(5): 672-676.

LIU S, TANG Z G, GAO M S, et al. Evolutionary process of sa-
line-water intrusion in Holocene and Late Pleistocene ground-
water in southern Laizhou Bay[J]. Science of The Total Envir-
onment, 2017, 607/608: 586-599.

SUN Q M, GAO M S, WEN Z, et al. Reactive transport model-
ing for the effect of pumping activities on the groundwater en-
vironment in muddy coasts[J]. Journal of Hydrology, 2023,
129624.

SUN Q M, GAO M S, WEN Z, et al. Hydrochemical evolution
processes of multiple-water quality interfaces ( fresh/saline wa-
ter, saline water/brine) on muddy coast under pumping condi-
tions [J]. Science of the Total Environment, 2023: 159297.
TR, BRREAR, WA, A5 LR R ALER e U R R
AKAKAZ A LT] . MR BRTHY, 2022, 38(12): 16-25.


https://doi.org/10.3321/j.issn:0029-814X.1996.04.012
https://doi.org/10.1016/j.jhydrol.2013.10.040
https://doi.org/10.1016/j.jhydrol.2013.10.040
https://doi.org/10.1016/j.jhydrol.2013.10.040
https://doi.org/10.1016/j.scitotenv.2017.06.262
https://doi.org/10.1016/j.scitotenv.2017.06.262
https://doi.org/10.1016/j.scitotenv.2017.06.262

74 Marine Geology Frontiers ML T 2024 43 A

[32] COPLEN T B, HERCZEG A L, BARNES C. Isotope Engineer- 7K, 2023, 45(1): 50-52.
ing—Using Stable Isotopes of the Water Molecule to Solve [41]  #%, DEGE. KSCHERfE2EIM]. JEaT: HsT s AR, 2005.
Practical Problems [M]. Boston, MA: Springer US, 2000: 79- [42] L&, BRIS, T35 0 P e BO6 0 X i T 7KK fb 2 4
110. PERIBFSE (1], 97k %2 4 53R, 2006, 33(6): 24-25, 29.

[33] TAEA/WMO, Global Network of Isotopes in Precipitation The [43] PLUMMER L N, BUSBY J F, LEE R W, et al. Geochemical
GNIP Database[EB/OL]. [2023-08-10]. https://www.iaea.org/ modeling of the madison aquifer in parts of Montana, Wyoming,
services/networks/gnip. and South Dokota[J]. Water Resource Research, 1990, 26(90):

(34]  BRARAE. Bk 25 CrEIRZA R I BHTEL 91 KA Le i o R 198.

B A A L] ML 2441, 1983, 57(4): 379-390. [44] CHAPELLE F H, ZELIBOR J L, GRIMES JR D J, etal. Bac-

(351 JEI, 228 . WK ARk B H N (T]. sbERFLAF, 1995, teria in deep coastal plain sediments of Maryland: a possible
20(4): 410-414. source of CO, to groundwater[J]. Water Resources Research,

[36] FETH J H. Mechanisms controlling world water chemistry: 1987, 23(8): 1625-1632.
evaporation-crystallization ~ process[J].  Science, 1971, [45] 25 30GG%, XA, JRRAN, 55, MU /K™ P06 A EE R /K SOk
172(3985): 870-871. AT : LIRS SR A 7K ] (3] b SR 17 i,

(371  S/NGE, FEH, AEA, 5. AR T KRG Kb 2002, 21(1): 32-36.

SRR B (R T M2 4, 2022, 96(2): 656-672. [46]  XIF4, DREYBRODT W. i 31 CO,-H,O 5 55 th Jy fif 1 Vi £

[38] R, AR, WL, 55 WK AR R K- 8] 1 BH 25 Bl 2L B HOL FZ ROV A CO e []. HbJT 4R,
T4 [T]. K SCHB T T AR, 1996, 23(3): 18-19. 1998, 72(4): 340-348.

(391 BRER, FBVG . Ul V0T 3 IR /K Ao 8 Y 19 7K 2 A AR (47] ¥ S8, s e, W ootk 55 28 5L B V-0 P IR KA
FULIY. R A CFLARBR AR, 2015, 45(1): 95-101. AR SR [T]. %4 5B TR, 2014, 21(2): 32-

[40]  WijkAE. e TPHREEQCHIM T /K Ak £ Ak S ALl (1] 3 F 39.

Hydrochemical evolution of groundwater in the Bailang River area of the muddy
coastal zone, northern Shandong, China

CHANG Xinyue'”, GAO Maosheng', LUO Ximing’, SUN Qiming', LIU Zhenlin', HOU Guohua'

(1 Qingdao Institute of Marine Geology, China Geological Survey, Qingdao 266237, China;
2 College of Marine Science and Technology, China University of Geosciences (Beijing), Beijing 100083, China)

Abstract: The coastal area of Laizhou Bay is one of the typical regions affected by sea (saline) water intrusion in
China, and the intrusion has resulted in the formation of a complex groundwater system under the influence of
multiple transgression and regression events. The hydrochemical characteristics and evolution of the groundwater
system in the Bailang River basin, a tributary of the Laizhou Bay, was investigated, the hydrochemical character-
istics and distribution patterns of groundwater from inland to the sea were comprehensively analyzed, the hydro-
chemical evolution process within the Bailang River basin was explored. Results indicate that inland saline water
is formed primarily by the mixing of fresh water and brine, while seaward saline water is predominantly formed
by the mixing of fresh water and seawater. During the brine formation process, the fresh water mixing, water-rock
interaction, and cation exchange jointly altered the hydrochemical composition of brine. In addition, the mineral
saturation index show that calcite and dolomite are near or at saturation level, while halite remains in an unsatur-
ated state. From land to sea, different cation exchange processes occur in the groundwater system. In shallow
freshwater and brackish water areas, Ca’'is exchanged with Na' adsorbed by aquifer media, while in other regions,
the cation exchange processes is opposite.

Key words: Bailang River; process of evolution; brine; mineral saturation index
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