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Fig. 1 Topographic map of southern Jiangsu area and location of the sampling points
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Fig. 2 Wuxi—Zhangjiagang hydrogeological profile (along line A—A’ in Fig. 1)
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Table 1 Statistical parameters of the dissolved chemical compoments of groundwater in southern Jiangsu area

SRR p(mg/L)

Na* K Ca® Mg | HCO] | SO7 I NO; DS | I
WK(1IX) I 46.63 10.25 | 84.66 | 20.69 | 275.84 | 69.22 | 61.86 | 27.85 | 488.59 | 297.96
Bkl 228.00 | 142.00 | 227.00 | 69.90 | 811.00 | 387.00 | 523.00 | 190.00 | 1424.00 | 755.00

/ME 3.77 0. 00 16.70 3.77 47.20 0. 00 6.64 0. 00 89.60 | 57.50

ALY 0.71 1.77 0.40 0.48 0.41 0.70 1.11 1.07 0.40 0.39

WK (21X) FHIE 61.46 10.63 | 85.53 | 22.75 | 308.38 | 79.31 64.63 | 28.03 | 536.64 | 308.71
SN 324.00 | 90.90 | 192.00 | 73.40 | 769.00 | 328.00 | 303.00 | 153.00 | 1128.00 | 661.00

H/ME 6.26 0.00 8.41 0.12 41.30 0. 00 7.67 0. 00 84.40 | 48.50

AL Y 0. 60 1.40 0.35 0.50 0.44 0.59 0.55 1.03 0.31 0.36
I 7R Y 61.83 4.42 92.38 | 41.86 | 525.19 | 14.06 87.95 2.90 | 607.89 | 404.89
ISP ] 282.00 | 17.50 | 210.00 | 67.60 | 864.00 | 112.00 | 522.00 | 35.50 | 1260.00 | 738.00
/M 12.40 0.63 7.48 6. 87 136.00 | 0.00 3.70 0.00 | 239.00 | 105.00

ALY 1.05 0.75 0.44 0.43 0.43 1.88 1.48 2.55 0.41 0.40
I A 7 SEH{E 109. 61 1.93 52.75 20.09 | 357.03 9.48 99. 03 0.94 503.02 | 215.36
ISP 284.00 | 8.03 197.00 | 73.00 | 845.00 | 119.00 | 664.00 | 8.81 | 1251.00 | 796.00

/M 7.98 0.40 1.53 0.45 63.10 0.00 7.41 0.00 93. 40 5.69

ALY 0.52 0.75 0.81 0.69 0.36 2.06 1.38 1.79 0.45 0.74
SR B A K I 55. 44 2.90 44.96 12.22 | 248.49 | 26.22 | 25.94 4.08 326.44 | 163.33
iSO ] 230.00 | 14.80 | 92.50 | 32.10 | 530.00 | 145.00 | 74.10 | 17.20 | 640.00 | 358.00

/M 5.04 0.31 1.61 3.18 88. 30 0.00 7.41 0.00 107.00 | 20.70

XS 1.06 1.35 0.71 0.84 0.48 1.46 0.67 1.38 0.45 0.67
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VRtV AR BT 6 MR B2 ) 3 AT AE 84, 4~ 1424. 0 mg/
LSRN, M N 527 me/L, M6l B4 A5 7E 48. 5 ~
755 mg/L LN, ¥IME 4 308 mg/L, fifi /K (300~ 450
mg/L) 2 RER B 97. 5% . AN[EHL R K R Gk Ak
SERRIEAEAE 22 57,1 X TDS ¥I{H N 488. 6 mg/L,
p(Na) p(HCO)) p(CI") 5 2 XA LU/, At B
T oW TR RO AR, B B 52 NG 3
SO I B HORE B SR R R (R AR
85,2007) , 78 5% R ECEOR, 0 NO, K45

FLBF R K i A B0 A 26 R 3R 5 7 JR
X, TDS 346 £ 93. 4 ~ 1260 mg/L G5 A, B 1{H K
532 mg/L, HoH 1 7K K REAE BH B 7 O Ca™,
p(Ca™ ) HI{H K 92. 38 mg/L, HYk A Na* ,p(Na™) 1
{H 61. 46 mg/L, ¥FAEFI B 5 HCO, ,p (HCO, ) A
136.0~864.0 mg/L, ¥J{H 525. 2 mg/L, H¥kH Cl,
p(CI7 ) HIE N 87. 9 mg/L; 1T K JE & 7K )2 R AF BH B
TN Na*,p(Na") ¥IEH 109 mg/L, HIK Ky Ca™ | 4
EBAE T [A 1R Ik — 2, O HCO, , ¥IE L 17K I fi
/N p(HCO, ) #{H N 357. 0 mg/L, NO, 1 SO, #
K 2R K B e p (NOJ) H 28. 0
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mg/L FFEMEZ 0. 94 mg/L,p(SO> ) H1 79. 3 mg/L %
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mg/L, FEERIRIK, 6 B FI{E N 163. 3 mg/L, #K
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Fig. 3 Piper diagram of groundwater in southern Jiangsu (2009a, 2019b) (the unit of the ions in figures

is milligram equivalent percent)
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S0y — Na' - Ca” ) % 2 SRR M M8 T Ak A2 Je Rt
( bk 12%) A Table 2 Statistical of groundwater hydrochemical types in different periods in southern Jiangsu
HCO,— Na’ - Ca™ N 2009 4 2019 4F
" Mg BU(ATHE 7%) o = KAERT He Bl KAERT He Bl
LR JEALBUR K K (BURIE) HCO} - CI"—Na® - Ca®™" 18.1% HCO;— Na* - Ca® 27.1%
HA# IR HCO, — HCO;— Na* - Ca® 13.8% HCO,— Ca™ 18.6%
Ca™ - Mg™ B4 F, HCO,— Ca®* - Mg 9.3% HCO] - €I — Na' - Ca | 13.4%
HioRFE Y 48. 1%, HCO;— Na® - Ca® - Mg™* 9.3% HCO; - S0P — Na* - Ca®* 9.0%
R 3 Sy A A B HCO; - SO — Na” - Ca® 7.7% HCO,— Ca”™ - Mg™ 6.9%
VL R, K HCO - CI'— Na* - Ca™" - Mg™ | 6.8% HCO,— Na* - Ca™ - Mg™ 6.1%
HCO,— Na” - Ca™, HCO - CI” - SOT — Na” - Ca™ | 6.6% HCO] - SO7 - Ca™ 4.3%
HCO, - CI'— Na" - HCO,— Ca® 6.4% | HCO, - CI” - SOT— Na® - Ca®" | 4.2%
Ca™ , X {43 45 7E I3 1 &E HCO;— Na' 50. 0% HCO;— Ca®* - Mg 48.1%
B AR IR 2 HCO; - CI'— Ca™ - Mg® | 25.0% | HCOj - CI'— Na* - Ca® | 11.1%
K k7K BLHCO,— HCO; - CI'— Na® - Mg® | 25.0% HCO,— Na* + Ca®* 11.1%
Nat - Ca¥r ™M 11 AN 7R & HCO,— Na® 66.7% HCO;— Na* - Ca™ 31.6%
(31.6%) F1 HCO;— HCO,— Na® - Ca™ 20. 8% HCO,— Na® 25.0%
Na™ % (25%) #h T 7K HCO;— Na* - Ca®" « Mg™ 8.3% HCO] - CI"— Na' 11.8%
JE, HkH HCO; HCO; - SO — Na” - Ca® 4.2% HCO] + CI"— Na' - Ca™ 5.3%
CI'— Na* 7 Cr— Na’ 5. 3%

(11.8%), 5 1K
HILE p(Na®) il p (CI) BT , P30t 2 _—
PEB RN (KA 2F A 4 T

BRI RANIE AR FRREII S 41 SRS E
PS5 K S K L% Rl HCO,— Ca® o P
(M) 0 LB BE B HICOT— Na® - Ca™ MR Hufb, Wik GR35 B 5 - FIUE 34 9T 5 7 96 2
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Fig. 4 Box plot of the major indicative contents of shallow groundwater (a) and deep water (b) in southern Jiangsu
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TR R AL BROK Al 5 38 R Bl 28 S A AN 25
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R oK S R R A G

P B T2 R R R L35 BH B - 340 Na™, B
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AMEHESE 2 508 i 3 R KR A2 R e A

Gibbs A5 R R FF Sz e iR K 4555 1 AR IR &
BEHR R (IMF- 455 ,2016) , K KR KL 2E 41 5 1945
Tl R 2R 43 A A 42 o 8 A RV 7R N 2 R v A A
PRI =26 (2245 W45, 2017) . 1% 4 750 6 A s
p(Na")/[p(Na")+p(Ca®") ] Fl p(CI")/[p(Cl")+
p(HCO,™) 1o Mk B U A, A Ak B A TDS J it vk
B DIXTECA AR R

M Gibbs [l I #5 J2 03 7K Ak 2% F 65 5 Ai (B
5), KR Hb R K AL S S TDS & & & 7E 100 ~
1000 mg/L i Bl P, ¥ 7K o5 BF BH 25— LU (B Bl 32 22
£ 0~0.5, FEA A4 RAER X, A5k AE S
p(CI)/[p(CI") +p(HCO,) [{HKTF 0.5, AN T4
AR RN ZE & e A 45 i X 2 0], $8 n K BB 2
AT E R g L 308 50 B i o532 28 % W i VE Y
Pl 565 1R R FLBR KA S BB e S A
RALPEFI X TR )2 R K B A o A AR e 4 A R
PRAE FH DXORI 28 & T 4 VR X, 38 78 BF 52 DXL B 7 e
K EFLZ AL KA ], /D 5 ] I 32 28 % Wk 4 5%
Wi ,p (C17)/[p (CI") +p (HCO, ) J{E R &8 70 4 h 7
0.5 I, LEFENTE0.5~0.9 ZIA],p(Na")/
[p(Na")+p(Ca™) JMH 4 1 B R 43 B, #E 0. 3~0. 9
Z 8] AR TE— B FE B 22 3] T HoAth K Ak 4R
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Fig. 5 Gibbs diagram of groundwater in southern Jiangsu
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IKAFARAHXS B AR T, F B AE A WAL ER X,
FEZ AR, BAORE , BT X T K
TE B P 1 DX, b T 7K 32 AL 2 21 ) 37 B T 4 o
SN (TR KA, 2020)
4.2.2 BEIEA

B HAE R 5T K SO Bk A 1 B 1k
AT FHSR AT BT L T K 2 43 R AE  F D b 7K A2 1 4y
TR (FVE =% ,2018) . FIR AT A A XAL 2
R KAk 2 A3 i 2R R, SR ATy (HCO, )/
y(Na*) 5 y(Ca®™)/y(Na") \y(Mg*)/y(Na") 55
y(Ca®™)/y(Na") i R Al & A B R A A Ak
XFHL T Kb 2 A3 R sE e (kR ,2017)

TAEX AN 207 b KBRS o0 A B R 22 57
(& 6a FIE 6b) , KA T 7 R RE 25 3500 A 7F fik
PR Eh 7 R R £ 5 X 3, R WX Z O R /K 252
RERRER 2507 1 R Bk R 45 0 ) XL A 37 i 1y ] 1
FHSTU RN T 7 A A5 32 22 40 A 7 i 1R kA i oo B
T, [RIBR A i ) 78 R h o R A, R WIR 2 K K
RERRER AV o £ AEH [RIRT sz 3] T 728 R
(R SEIN | F 328 B A R A6 5 iy , TR 2 AR e /K AR AN 2%
TR ER A W) 7 AR FH B 5 ] 5 S84 BURIA 1 /KRR A5
PRI I AL KA R TR B K B
T K BB oy A A 2 L, 2R R A RERREh S
FRRFRER From TG A 40 A0, 3 B 48 R 5 R FE LR A
MR SR — Sk,

y(Na™)/y(Cl") REATRIEH T K F Na* &
R (ZI555,2015) b ifEME K y(Na®)/y (Cl7) &
BOEYE—ER 0. 85, KEAR LA T BT /K H Na™ 1y
FERIFE R KRPEAK 75K R E VS I REREL )
Vi, B RN BN ZE Tl AT 15K KRB A
W25 HA i (XL 55, 2018) o &l 6¢ fin, T
VEIXRESAE y(Na™ ) /y(CL) Fef 1 : 1 & A
O3AT, R TR Z B T 0 R AR AR
TGl AE 2P R B sZm, g K 1R EFLBR K
TRIZ AR KRR A 3 7K IR 43 M i B4 A 7 1
1RV E R K y(Na®) BHIE KT y(Cl) , 2]
Na' BRI TR A0 W51, 52 fik W 56 5 0 W 5 itk | PR
BTSSR B (IR 2017 ) ZE4E FH Y S R 5 T K
BB R AL A D BB AR K TE 1 2 1 DT,
AT Tl Al V5 L HEBC R B0 y (C1 ) /y(Na™)
>1,

K y(Na™) 5 y(HCO,) KAE (K 6d) ATAl,
B 2 i v K IR )2 7K R K RE A0, BE R 3 7 T

y(Na")/y (HCO;) = 1 & LT, y (HCO,) KF
y(Na®) W T B Ak BR #h 7 7 A 19 HCO, 4b, 38
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Hydrogeochemical characteristics and evolution of

groundwater in southern Jiangsu

GONG Yabing'” , GONG Xulong'*’ , XU Shugang"> , TANG Xin"* |, SU Dong"* , WU Xiayi'"*’
1) Geological Survey of Jiangsu Province, Nanjing, 210049 ;

2) Key Laboratory of Earth Fissure Geological Disaster, Ministry of Natural Resources, Nanjing, 210049

Abstract ; Under the background of the ban on deep groundwater extraction in the 20th anniversary, great

changes have taken place in the groundwater environment in southern Jiangsu. Based on comprehensive statistical

analysis, Piper diagram, Gibbs diagram, chlor-alkali index, ion correlation and other methods, this paper reveal

the evolution process of the formation of groundwater at different aquifer in 2009 and 2019. The results show that

the chemical type of shallow water is mainly HCO,—Na" - Ca” type, the chemical type of confined pore water is
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mainly HCO;—CaZ+ - Mg™ type, and the deep confined water is mainly HCO,—Na" - Ca’* type. The predominant
cations and anions of each aquifer in different periods did not change, and the hydrochemical types evolved to a
complex trend. The chemical composition of groundwater is mainly affected by rock weathering, cation exchange
adsorption and human activities. Among them, phreatic and I confined water—rock interactions are mainly silicate
rocks and carbonate rocks, and deep confined water is silicic acid. Among them, the water—rock interactions
process in shallow groundwater and I confined groundwater are dominated by silicate rocks and carbonate rocks, the
deep confined water are dominated by silicate rocks and evaporative salt rocks. The research results can provide a
scientific basis for the development and management of groundwater resources in southern Jiangsu.

Keywords : southern Jiangsu; groundwater; hydrochemical characteristics; evolution; formation mechanism
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