WAl B3 r K

2023 4E 9 A

EAST CHINA GEOLOGY

i fiR

Vol. 44 No. 3
Sep. 2023

DOI.:10.16788/j.hddz.32-1865/P.2023.03.011

SRR WG £ 2R, 45, bR T B N KRG 25 R AE K SR A3 AT L) . A AR 3 5, 2023, 44.(3) : 357-366. (TAO
X H,WANG H S,GONG ] S,et al. Hydrochemical characteristics and genesis of the groundwater in Funing County, Northern

Jiangsu[ J]. East China Geology, 2023, 44(3) :357-366.)

AL E T Bl R KR AR SRR AE S A R 43 A

Fé] 'J‘])%LZL ’ iﬁﬁi1’4 ’ -,jg\:gyﬁlﬁl ai‘l‘:ﬂﬁ b 971:%;'7‘:72165}11’4 ’ é}] 'J‘\%JZ ’

RS ERAR AAF L AN 2

%1,4

(L BRI SR B FHFAE PO, IR H5 210016
2L H AR AP ITH B R 2100293
3. BT EH KWMLK L TH SR 224400,
LERERNAREANFARE S LHE TH FH 210016)

FEE: Sy 7AW R T B KRR FE K 0 7K Ak 27 B PRI RRAIE o SCRE R AR X 3t 322K TR R K G
I0 465 T W56 IV R TR KO (K RE 455 50530t Piper =48 [&] , Gibbs B FUK L2 B 2 804 T- B 2047 7 A [
IR ERRIL 30 R AR B 40 A L FEEFI P B 00 R KA AAE . S5 R RIT: O B HH T K SR 55 66
P KRR K H B S F I R AR B Na ™ > Ca? ™ >Mg? >K*, JH/K IS F i B vk B S 3 HCO3 >Cl
>S05™ >NO; 58 11BNV AR KB B 7 iRk B 23 HCO3 =>S0i™ >Cl™ >NO3 5 /K [ S04 %
B (TDS) HLES I 26 (11 26 IV AR R KA 1o » SR8 X 32k A P 7 A sk R K 26 11 W26 T 465 IV AR AR 7K 4 7K Joi i
TR, @ H T KRN 5 R AR A R B AR 55 T 58 11155 IV 7R H 7K 5 B 57 1 i 7 o

LI AR KRR .

@ HF AR F R Z B SR » T2 B KA A L BH 88 5 s A Pt b2 11

S5 15 IV AR K B 0 2 2O IR T RERR R A « AT Bl 3l R 7R A2 410 52 WA AR X A58
RS T MR R KA SRR s EUR AL R s kAR A

hESES: X523 SCHERARIRAD : A

SR T BRI R 7 TR e =
FAUN 52 g ] R LA R AR ELAE 2 XN Hy
FEH 2R FE RGN A EL ORI X R K
TR A H PR KK BT AR 2%, 20 4 90 44K
HITERATIT & 2, H i D AU E e
PEE SR F K 5 D s /K 32 TR BR B 52 i), 7K Joit /K
£, ZRRUBUK K FEAAR TR B L VAR R K
T EIPRE AR B N A T6 ATl AR
M EZOKIE, BTSRRI, BT B
% 3T KRR BOK 5 S A

H T KA 27 B A3 SR b K B ) B A

« MR E#:2023-03-15 BT HH:2023-06-13

RIERIE A

NERE:2096-1871(2023)03-357-10

OF 45 5 3 BIHUE WY R I A o BT M
IAAEEERF LRI BALH] A BT T X0 T K
PRI R BB AR E A (6 2K T AR R
B MR 7K AR SR U D 20 PR BIF ST LR K5
A ] F) S R0 o 1 2 X R L b DX S
SRR 6 3 DX B 3R KA A RRAE EAT T OR AR Y
BFSE . AN BIF 2 4 3ol T 3t R oK A oK s £ PR AR )
R SR BTER AR T M 7K 1 FE R R K BR B
e NGy 200 ) jU- 1 B 58 I3 AL g Sl Tl o
TROBA [R] BT 45 L (H P B BT B SR LA R K
ez B s HRBERH R i 20 B B

E SR « o [ BT A5 T 7 S M YR AR SO B 5 7K B IR A e I (245 - DD20221756) 7 R 99 22 7K SCHI 55 7K B U 2 s )

(%2 . DD20230428) i H A% Bl .

F—EHER N F/NE.1987 4FA L B, TARIF. 1. FENIH T /KIREEDFSY . Email: taoxiaohu_cgs@126.com,
BEESE N ThiA, 1984 44, 5 SR TR W08 4, TN K T RAAENSE . Email:411099641@qq.com,



358 1¢ R

o R

2023 4F

B LR VLTR A A AR BT A sl s ot H v 2
— B A TR SRR AR B O T
M 5E A » i i o B 355 [ P A 7K A S A B
PRIVETEAH (R A R 5% LA 4 17 408 B30 T 7K
GRIRECR B 2 (] 3 A 3 A A AR O B35
AR T KR IR — A TP R 2%

ARTCLA BT B O 5T X A ) A3 R A 1Y 2 il
B K SCHER A 05 15 AR SE [ (D A1 O)
INERTT 8 A5 A BT 3 M L Piper —ZK 8], Gibbs
B AE R B T B o B B T
IKARAZARFAE BN o LA B 0 Bk 4 B A B T
KB 7 ALt IX fey Jo o R i G it A0 A 4
RIH .

1 FFREER

BT I AREC , RA VLIE SR Z FR L 2 b
AR A A SR B BT B AL b
A 1) Pl T At ol 1) e PR EL 2 Y T AR B
J& T AR T XU B8 A YA S SR » ] R 2
Aiv o A 2 T R TR VT A 7K TR A
T 4 ZEIEAPAT AR AR I 24 5 PG R = AR ]
DXk A T30, 5 SR EE R /DN P4 1) AR AR DL
BT BIERIAABOERY) . J& T HERCE SRS . AR 35
HUS R ZEBIAT 4153 3 A> MR BT - 76 P A0 A I B
TTLLZR I BHART 22 35 b {00 LA DY 3t X 28 9] <5 9 ) 14
AR VOB 5 M T B iz IX Ja B T 5 AE AR L
T o HR 7 20 B T ARt IX S Y5 ¥ D5t R L 7Y
e S AR AT 3 » DA P ARG DU g 8 R e
Jo HLR T s B IR AR L PG R AR . b R AR
S FR A L DU g BRI e J LT P i

WFFE X DAAAHCE AL B 32 At T 7K A7
AN BORTIRFESE Al 4 RS K R 5 K2
RIS VRS KZ) . HAp RS Kz
HI 2B A 1 D R R AR TR B AR
J B — <220 . w K EEZE R K s SR K
Fe 5Kz i B G RS AR TUR AR e
by b PRI R L LR R 20~25 m. B K
— e R B s SRIDR IR 25 7K 2 v ST S T AR T
B Z I A e L 40 o £ 8 20~35 m. &K
PEAR A 5 TR R 5 /K2t R ST AR ORI )=
IR 20~30 mo, HPE LA R b, oML 4D S
IV AR K K2 BB 28 $R W L i AR I

FRRVZL AL A P DL oLy 32, )5 20~50 m,
GBIV AR K & K 2 B AR T AR A » SR
TR DI TR » B AL T X3 T 7K

2 HEmRERMRTTIE

2021 4F 1 H 75577 5 N T b 3R 7K R b T 7K G
TR A2 RN SRR R R A 63T 72 4K FE,
BURE s 0 A DL 1, /K SRAE A /K UR 3 T 3t
FEIA, 2L 13 41, H R 7KCRAE KR B FE AR
JETEKF A FK IR 36 59 4. o ik 32 41,
55 IR K 10 41, 55 AR R IK 9 41, 55 IV 7R R K 8
M. 5 TRRKEICEE M HAL S R RERFEKFE.
PEAR, XSS T V565 L 58 IV AR 7K 20 il R 46— 41 C
IKFE . SRR MK FEE AR E 2 1~ 1.5 LY
R IR RARFE W ZAKFEE T2 550 ml Y
RO R CORFEFTE I 34> 25 L AR
QIR ool BSOS W R, IR AE R AE R
FEMIK MR 2~3 U RAEBPE R BE KR . X
IKAR DR KRR e — R 0 1: 1SR 10 ml,
TR K . AT REHEBRAE S A AR
PGB  PRUE SR B 1k 28 SO A A 1 4k
SR R R) A 2R 4B, UM 58 58 5 76 BURE R
G I T B K R R S R . B KAk
SRR AR E R 28 /KRR B 3% A v [ T s Ry

B AR A
A PIRRAE R
55 TR R AR AR
o 55 MR KCRAE I,
w55 VR KCRAE A,

1 WS IX SR FE S

Fig. 1 The study area and its sampling sites
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Table 1 Hydrochemical characteristic of the groundwater in the study area
K5 I H pH i TDS gy Cl SO~  HCO37  NOj K+ Na™ Ca? ™t Mg?*
SEHIE 7.81 1129 469 250 116 633 7.18 26. 0 245 80.7 64. 9
e 7.81 999 410 141 110 629 3.68 11.0 186 77.9 60.1
Wk FRUE(E 0.27 735 215 392 79.0 178 8. 34 35.0 224 28.2 40. 6
SN[ 8.48 4321 1170 2 084 380 1110 31.8 123 1250 160 213
/M 7.16 200 168 8. 30 14.0 196 0 1. 20 6. 80 11.3 8.10
ARZEF 0.04 0. 65 0. 46 1.57 0. 68 0. 28 1. 16 1.35 0. 92 0. 35 0.63
SEHIE 8. 00 489 194 42.3 52.2 406 0. 49 2. 24 122 44.3 20. 3
rhfl 8.01 494 183 32.7 50. 0 479 0 1.70 135 44.1 20.0
5 R FRifE(E 0.17 131 29.1 29.7 25.9 116 0. 99 1.42 47.8 7 10 4.11
N 8.28 736 246 115 96. 4 504 2.48 5. 30 202 52.5 28.9
/Ml 7.79 296 162 10.7 19.3 175 0 1. 20 42.2 32.4 15.2
ARZR 0.02 0.27 0.15 0. 70 0. 50 0. 29 2.00 0. 64 0. 39 0.16 0. 20
FHIME 8.00 546 207 36. 2 61.7 476 0.24 1.47 141 12.1 24.7
P 7.99 565 214 18.2 67.5 487 0 1. 40 149 39.5 27. 4
R E’{E{fi: 0. 22 112 35 }9. 3 34.2 46. 8 0.67 0.21 29. 6 6 73 5.49
[EONL] 8.33 666 261 59.1 109 544 2.15 1. 80 174 52.8 31.6
/M 7.66 373 156 6. 80 12.8 385 0 1. 10 95.7 33.5 16.6
ASRZR 0.03 0.21 0.17 0.53 0. 56 0.10 2.83 0.14 0.21 0.16 0.22
SEHME 7.93 453 191 27.6 12.9 411 0. 25 2.06 111 11.3 21. 4
e 7.95 432 187 17.4 36. 7 433 0 1.48 107 39.5 20. 6
S Rk E‘{E@ 0.12 83.8 37.7 21.7 24. 3 83.3 0. 65 1.18 25_. 7 10.8 3.87
SN[ 8. 09 650 277 66.5 104 479 1.96 4. 80 154 62. 4 29. 6
/M 7.67 358 150 8.70 23.6 206 0 1.00 61.1 26. 4 16.2
ARZF 0.01 0.19 0. 20 0.79 0. 57 0. 20 2.65 0.58 0. 23 0. 26 0.18

T pH VLS BBV TN KRS R AL me/L.NOs #EME L N it
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Fig. 2 Geospatial distribution of TDS,Cl™ \K" \NOj of the phreatic water in the study area
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Hydrochemical characteristics and genesis of the groundwater in
Funing County, Northern Jiangsu

TAO Xiaohu"*, WANG Hesheng!**, GONG Jianshi""*, XU Naizheng"*, TAN Mengjiao'"*,
HU Xiaoyu®, DAI Feihu®, MENG Xianchao®, ZHU Chunfang!*, ZHOU Kaie!*, LI Liang"*
(1. Nanjing Center , China Geology Survey, Nanjing 210016, Jiangsu, China ;

2. Water Resources Service Center of Jiangsu Province, Nanjing 210029, Jiangsu, China
3. Funing Bureau of Natural Resources and Planning , Yancheng 224400, Jiangsu s China ;

4, Key Laboratory of Watershed Eco-Geological Processes, Ministry of Natural Resources, Nanjing 210016,
Jiangsu , China)

Abstract; For investigating hydrochemical evolution and recharge characterisitcs of the groundwater in
Funing County, northern Jiangsu Province, the study collected various water samples from regional
surface water, phreatic water and confined water (the [l , [ll and IV confined water) and analyzed their hy-
drogen and oxygen isotopes (§'*O-3D) relations, distributive rules of water salinity, major ions”’ relations
and hydrochemical characteristics in combination of mathematical statistical analysis, Piper three-line dia-
gram, Gibbs model and hydrochemical characteristic coefficient. The results show that: @ the
groundwater in Funing is weakly alkaline in general, mass concentration of cations in both phreatic water
and confined water are distributed in the sequence of Na™ >Ca®" >>Mg?" >>K"; those of anions in the
phreatic water presents as HCO; >ClI~ >S0O% >>NOj while that in the I, Il and IV confined water pres-
ents as HCO; >S0O% >Cl” >NOj ; The total dissolved solids (TDS) of the phreatic water is relatively
higher than that of the [[, Il and [V confined water, with locally brackish and saline water; The water
quality in the confined area is significantly better than that in the phreatic area. @) The groundwater re-
charge in the study area is related to the atmospheric precipitation. The phreatic water is closely associated
with modern precipitation while the [[ , [l and [V confined water mainly sourced from precipitation replen-
ishment in Late Pleistocene or even earlier; ) The chemical characteristics of groundwater in the region
are less affected by precipitation and more controlled by water rock interaction and cation exchange, among
which the salinity of the [[ , [l » and [V confined water mainly come from the weathering of silicate rocks,
and human activities have slight impact on the chemical composition of the groundwater.

Key words: Funing County; groundwater; hydrochemical characteristics; hydrogen and oxygen iso-

topes; hydrochemical genesis



