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[Object]Reveal the characteristics and interaction of D and 'O between surface water and groundwater in the northern new town of
Wuhan, [Methods]7 precipitation samples, 6 river samples, 14 reservoir samples, 98 minjing samples, 3 spring samples and 11
borehole samples were collected and measured in 2019, what’ s more, 50 monitoring data of Wuhan station from 1986 to 1998 were
collected. The research methods of D and 'O spatial analysis and watershed analysis are carried out in this paper. [Results](1) The D
and "0 isotopes of precipitation in Wuhan vary with seasons, and the negative correlation between isotopic value and precipitation
indicates "rainfall effect", but the no correlation between isotopic value and temperature indicates "no temperature effect". (2) Due to
strong evapotransporation, the surface water shows the certain correlation between isotopic value and geomorphic types, and the
main stream is enriched in stable isotopic, while the tributaries is depleted; (3) Groundwater such as wells, springs and boreholes are
all derived from atmospheric precipitation, and the stable isotopes value of groundwater is related to the buried depth and
geomorphic type; (4) During the dry season, the Jiche River is recharged by upstream reservoir and underground water in the Jiche
basin, and the Xialiasi reservoir is recharged by underground water in the Xialiasi reservoir basin. [Conclusion]D and O can
significantly improve the understanding of the conversion relationship between surface water and groundwater in the northern new

town of Wuhan.

Key words: groundwater; river; reservoir; stable isotopes D and "*O; hydrogeological survey engineering ; New Town; Wuhan ; Hubei
Province

Highlights: Based on the D and O composition and spatial distribution characteristics, the mutual transformation law of
precipitation, surface water and groundwater in the northern new town of Wuhan is revealed.

About the first author: YANG Yanlin, male, born in 1984, senior engineer, engaged in hydro—environmental geological survey; E—
mail:yangyanlinjida@gmail.com.

About the corresponding author: HE Jun, male, born in 1984, senior engineer, engaged in hydro— environmental geological
survey; E—mail: 176041779@qq.com.

Fund support: Supported by the project of China Geological Survey (No.DD20190282, No.DD20221743).

SEARIZE BRI, o3 B4 K AR R R R A 25 ]

1 5 7

AL ER IR FT 1 D B 1 58 =40,
XK Aol Aotk AR A IR
Bl KA KH#ER KRR, —EEE B '
Ui B 04 v ot JOT AR 28R B E G ok, DX
FIH AR W kA AR Ak, H g K Gl it L i939A
FIK R ) 1R KR B R bl 2 A s i b 3R
JRFNHL T 7K K i | e -5 Y B A T S
A, 2 24 X Y HER AL 2A AR 28 KA 20 F A 25T
TH7 1) S B PR 85 2 25 (Moore et al., 2010) . 3 7 Hi 3¢
K5 M N KAFAE R BV B K 1B & AR ELAE FH ek
AN BB ) 45 KR K & KT L RS Z AR
) AR S B R4 (£ 4T, 1989; Winter, 1999)
PRIt , B X6 L b ES BT 4RI B 301 4 B 55 b 5 21
TF I Z FhoK AR Z (B AE BAE H OC R BIIE5T , J2& SE3K
PEIRHLACEE B, LA KA MOl il Ui 55 T R &
() SR o AR YR AE BRI BT K 9 YR RN A 5 i) R
AT, R T K S AR E R R TR A
T BB RAREK K A R K (TR =K™)

Oy AR, 36 7R X N bR K KT R g A AR LA R 7K
R Z BB LA S 2R, T R K B8 08 1 5 BRI & A
FH SRS SR

LA E R RAE R H SRk M b i B
W53, AR W AR, 53 5 T ORI 3R 1) 44~ 38
RV L BIAR /N F AR U e Y 2 R
Be AR AR, H0 3G /KR PR AR 1 g 52 45 8. (Clark
etal.,1997), FETX 4k, SARE M REAR
BV V2 I TR AR ARG K PR IR S AL R AE
S (RS IBGE RS, 1983 PMIE LS, 2007 5 X R AE, 20095
MRHp 2245 20105 /N5 55 ,2017) LK —Ho R K
FHEAE I (B 45, 20135 PR A 45, 2015) , DL S
AR BRI AR R B B ST (R4, 20065 T
WHE,2010; BE/NEESE 2014) . X TaUIUHE X, B A
A SRR [ R T A5, (H 2 ZE R
SRR A AR Z A (AR R4, 2016) KK
U5 (B &555,2017) 55 J7 1, AR /DI R Hb oK i T
IR SRR ZERAE S HAR B AL T RIS X
JEAR SO SR IR ZE Y H Y

http://geochina.cgs.gov.cn FPEHLT, 2022, 49(3)



708 i [

b Ji 20224

2 BT XA

WFFE XA F 2T AL , SR8 T T #E B X
X N ARSI &Gk, KR IRFE , FEOK R BK FH
AW KIEARZ , FEA B R M)E B ; s
FERIAAR L FEBE | b b A B, A A AL s
1%, AR 30~300 m([&1 1), X NSRRI AT
KB ZE A, 02253 B, AR P34l 15.7~17.4°C,
HF-2 28.4°C, 7.8 H Sl iy, 1.2 H ARRAR;
TR TR , AR K oA 1150~1450 mm, 3 Z4EH
TE6—8 H A Aok —F DL 457
PIICREIA 255 d, 24 FH478 K i 508 mm,

WF9E XA MR A R R NG Y] GEH R
BELyedl R H R —RR AT A ER— ik
RONEREM, Fooh —t A2 2010 T

RS AL AR TRAR I — B X, th RO 2 F 2
HBE TETEIX PY R R R — AR 7, B
CHICERN VAR SRl T VR S N S TR ol O
ARG e 4, 73 A1 T 3SR A T3t 7 45 A
BT, g o R AR TR T S A
A, AR T AR B R B S R A BRI, IX
A AN HCA JEALBRK T8 8 S AL R OK A2 5
HIBIK A IR SRR RIR R A A R 2R
Bk LRI, g AR 208 JBUe WAL R B 5 K
oA B, FEER— L R A IR RS
AR ERFE .

3 W5k

3.1 HEm*E
2019 4 RAETTIFE (614 ) K ERE(1444) (FEIK

ComH

fikih
Low mountaing
T B
Hills
’ i
| Hillocks
I

Plains

KIERE [ g

Reservoir sample

m |

River sample

I
Well sample

HifLEE

Borehole sample

SRIKFE
Spring water sample

K1 RS X IR s SR A RS0
Fig.1 Topography of the study area and spatial distribution of sampling points

http://geochina.cgs.gov.cn FE ML, 2022, 49(3)



55498 234

PR AT T U SRR E )3 R AR DUA L AT S 2K~ R /KR S R 709

FETOE) IR (98 1) R aKAE (3 44) L FLAE (11
), T 139 14, SRAE A 25 [A] oA ] 1, e
FRE (7 )T RDUMIX o B R A R
1T AP A BR IFE S ilE AT T AbFERAE . R
R TCOT LA, B UCR SR FERE, TR BUKEE S
VERFER 3R DL Lo HERCREESES R S5

WEZE 2 A5 A A, A A I B R AR I R 3%
?ﬁlJ?l‘(‘{ﬂ' | B
3.2 #HAAE

ﬁa#mﬂ' ﬁtiﬁftlﬂr‘mffﬁ%fimﬁ%%ﬁbﬂﬂtlﬂ

O HEAT &R E R R 2R 9T 2 A i
FlashEA 1112 HT F1J5t 3% X MAT253 BXAL5E . ]
SE SRR, KR AS3000 WA [ B AL 2T
75, M PERE SR 0.1 pL KEEE ATC R I iR
EeApdr (1380°C) H, 3 ask vy e 148 J5 A B HL Fl CO,
i He 45417 28 fE R (3% A1 43 25 (90°C) 1 Ha il
CO, P A IBA 4 47 H. O [ R AE o 43
B it F% FH [ Brdn i V—SMOW F11 GISP, 47\l A i
GBW (E)—070016 #1 GBW (E) —070017, L & & &
FE O I 2 R R i R 30% ) 47 5T
WL A 45 R LU X F V- SMOW (Vienna
Standard Mean Oceanic Water ) 4t 2N HR ERE S bn 1

B T4 22 3 (GU L RT2) e 45 SRl {5 nl &8, 3478
FEbR AThRiR2E R VFE RN o
5'*0{%—1}1000 (1)
( O/ O)V*SMOW
_| (DIH),
5D{M—1}x1000 (2)

L (PO/O) ke (DIH) 4 5 0 FE i R DA
("O/"*O)v- swow=(2005.2 £ 0.45) x 10" °, (D/H)v- suow=
155.76x10°¢,

4 HiRPrETHE

4.1 PEKEMLESH

KA IE HFEIK T 7K B 3 2R AR IR
AR AR BRI ZE L, % 48 78 Hb 3 /K R b
I COIEEE S A R SR -y e e P i
MIVER o X P b B K RS TRl A7 22 1 i %
RE AR AT B R T A BRFA K [R5 25 W T o 2%

(Global Network of Isotope in Precipitation, i FK

GNIP) (International Atomic Energy, 2011) , W il 47
A — W, e BRI 1 (30.62°N, 114.13°E)
1986—1998 4= 1y M I B , &80 H A B A sk
1986—1998 4F- , I I i K 7K 6D (A8 1k

[l 1 —86.8%0 ~ +4.2%0, 6" (725 Ak 78 Fl y —12.18%0
~+0.12%0, K] 2 2N R E A FE WAL E P
VIR A b E . Hip oD R 6"0 1 H Bk
A7 Z R K S A58 (3 Fn4) , H RN
AR HEARE R (X5 Fe6) .
P12 50, R K [R5 28 s B 1% 2215 32 22 53 11 7 6—8
H P T 2 DL T 2, oAt 3 AR G A

I AE B 2R R R K 7230 Fﬁ%ﬁﬂﬂﬁﬂﬁi‘
z IKIRG LR E )G oD 160 7 X%tﬂétiﬂt
KA REIK R 2 80 B G B B K 8
o O [l Z 52, AR RIS IR, FH‘z
EQnty g N DS Wi G Nl
AU 25 H A Y S SO FEAAN B

o 2{0;;i X(1/rain(i,j)
05 =3 (3)
ZI/rain(i,j)
ZD X (1/rain(i,j)
D, = (4)
21/min(i,j)
i=1
— _ 1 <~
rain; = - me(L,j) (5)
-1
. ZTW (6)
97 ===50" oD I B

Rainfall Temperature

7t N i
-4 / \ |3
g4 I W

0 D/%o

-39

~ oW~~~
-y
| 53005 57
| 75

T A Tr ]+ [+T+=

0 0"/%
> EY &
| |
| _f -
W
— \\
H N
AN
3 b
_—

B2 sCDUH X Bk R I R 3R AL AR
Fig.2 Variation characteristics of monthly precipitation,
temperature, 6O and 0D in Wuhan area

http://geochina.cgs.gov.cn FPEHLT, 2022, 49(3)



710 i [

b J 2022 4

Ko n o H A Oy B S ANE R Ay i
R A5 i B 5 rain R FE AL, B0 (mm) 3 T
R, BN (°C) ;0" DT 43 o 48 18 [l {3 A
SRR ZAEFREE , OF , D, , rain, , T, J9XHIE
HH¥MAE,

DU T2 RUX, AN [R] 2371 K A K PR TR
[f] , 228 XM F i 2B RE B I N, 25 S B T, F
KA 2SR R SR R o BOE RN 2R
A TR XK H ER R (P R 2 X0 RV (AR
R0, K T, 28 SRR i, AR TR
T TR K TR 7 2R A 2 A S A 2 AR (43
SHEEAE,2017) 0 ARYERENT R 2 OB ES A, S5 A
NG B 430 3 A4 1] B (AR R 4%, 2016)
1986—19924F, 1996—1998 4 F12019 4F,

RIS k=0 S EE e YU ESR T
Hi 181 3 41, 1986—1992 4F |, £z /ME (8"*0=—12.18%0 ,
SD=—86.8%0 ) i1 BLAEFK 2% ; F KAH (6"0=—2.15%0,
OD==6.1%0 ) th BLEEFH &, RFEK TR y=
7.744x+0.1, 1996—1998 4F , fx /MH (9°0=—9.68,
SD==76.2%0) I INTEH 2= ; Fe KAH (6"°0=0.12%0, 6D=
4.2%0 ) I AER Z, RAPEK TN y=8.699x +
14.257, 20194F HA HEF= 5 EWIEHE , HBA
KR TH B, KK TE R y=8.328x +
10.688 (i THIPIHIFE K T f 2 0] (1 3) . MBI 3%
I3 KT, I K 610 16D [l X I
T > K > B > BRI, T E— 25 R E T
BRI [ ZBEZE T AR
4.2 HRIKTEECLRFFHE

M AK R 57K 2 ) 11 A F 12 H ke &9 60

F (Year)
M 2010
5
-6— [l 1996-1998 Y (5 /.’/
o8
Il 1986-1992 " &
&
055 &
e 042
;S on
A )

s 0
7 y=7.744540.100
©e R'=0.940

o,
v
1=8.699x+14.257 /{/ @l
R'™=0.940 /// s

27—

0 D/%o

48|
® X7 (Winter)
© B (Autumn)
-69—
® 7 (Summer)

@/’:/ ° ® % (Spring)

=20 T \ T T 1
-15 -11 -7 i -3 1 5

00 /%o

K3 BT R R A 2= A8 4l

Fig.3 Seasonal variations of "0 and D in precipitation

5 oD XA WE 4, WA 50 H AT —3.40%0~
—0.02%o, Y2J{E —1.85, 6D {HL A T —25.50%0 ~ —12.2%o,
I (8 — 19.02%0 5 K JE 1 60 {8 A+ T — 3.28%0 ~
~0.50%o , J{E ~2.18, 6D fH A T —27.70%0 ~ —10.4%o,
PIE-20.71%0, 6"0—0D & F f a5 1 2 BRI K
2 (GMWL: 6D = 890 + 10) T, i Hi 32 7K 57 3|45
SRIZEBUR , BRI O LAk i, KA PO Fr kg
i, AT AR A Y 6t O . 3T 60 5 6D [H]
PR T RRG, R IOKIE ST S I i —+E,
LI e T LA A ) A9 R 45 K U R 24 19 2% T 2
FE o BRI RN, & i B 5 b5 d (d= 6D — 86"°0)
(Dansgaard, 1964 ) i94X%F{E (AbsD ) R F/R 1) (3%
IKFES TR d S R, B , 78 & Bk ;
450, BS KNS 0O [H 5 IEA 56, 00 i &
£ R, BV d (58K, DT i — 20 E S b 7K
MiAKIA(11.12 H) 22 8| — 2 78 R AEH

Pl 5 S /K e ARl R R 010 LoD [A) a7 25 11045 [
3. BB S AL, A T B L XA R R K e
B A BN AbsD, W | B 57 1L 52 57 48K
JiE TS T JEIX A /N RLK 2R AR K ) 610 LoD
FAbsD {H, 41 =4 .55 S AR R Ap K B, R
50 oD A Z MU AR RN " o X T BES& T e
Ly DX b A g, T EEP D DX IR, 285 3 138 559 5 AR
PR KSR S AR T,
ALK e B it K K I KR FR 2
IKENG o AKPEHPIHA 60 6D [ ZEAE AR fk /)N, a0
Hg 5 7K 2 v 60 AH 2% 0.09, 6D A 2% 1.3, KN |
W Z A 60 oD R ZAHZE 3N, W S K
H1 60 HH22 0.08, 0D AH 22 0, 1L X ] 37 Bb - Ji X 3]

GMWL
S
e
L]
@ =5.5724x-8.5082
R=0.9696
3,,,
%
o ©
®
225 = /Q"'/
»=5.5724x-8.5082 - éée
R'=0.9696 -~
-30 T T T T 1
. -4 3 -2 =1 0
00 /%0

& 4 0 JKEER 00 0D [R)7 K M A i e

Fig. 4 6"°0.6D and deuterium excess(d) in rivers and reservoirs

http://geochina.cgs.gov.cn H1EHLFT, 2022, 49(3)



4945 5 31

PR AT T U SRR E )3 R AR DUA L AT S 2K~ R /KR S R 711

@ 12H G b

River sample in December -

LLA G ke

[ J

© 12JIHKERE

@ 110K ERE
AbsD size
ANi% KT
Impervious surface

1R

| Watershed line

River sample in November -14 4

P /N R
D

Reservoir sample in December @

Reservoir sample in November | .g~187] e

A
vnf

BReWEN

SRR X

) -4.0 -3.2 -2.4 -1.6 -0.8 0.0

&
-
-
v
-
o
-
-

_-184 2 7
# &
o b
224 “- o

® 7
.
e
26 o
A
-30 T T T 7 o
4.0 32 2.4 -1.6 0.8 .0
J D/%:

K5 i SKEERE 670 (6D R ZR A A3 ] 434

Fig.5 Spatial distribution of river and reservoir samples about ¢'*O and 6D

T EA BN 00 0D Fl AbsD AR, 41 J5IX fit i)
Fb B L XA 5 7K S L 87 R 30T 1Y 6°0 . 0D A AbsD
AR X AT RESE PR Ry Ll DXk 5 R S5 1% 2%
R/ AR, NSRS . S N L
T EA /NG 670 oD, Wk 58 45 b IX () T 7K
U A 21 H X 7 AT, FE I SRR [
- S S O [T - 375 b5 B2 10 A NP T -
R, 78RRV, AR TN, TERE K ik R 4
BRI B — A SR A A, TR R R R B e, X
AT RE 5 A I K HEOA K .
4.3 KM B REFE

HU K2 K B 5 A B2 B A AR S B
2 2R, HOE 5 i A R 9T iRk — Hb
FOKAHEAE AL (TR 5, 2013) o LR K (R
I RFEEFL)RER Y 6°0—0D L R ILIE 6, FEHR
FERA 97 1, LIS IK SOKZERE N E 8O EA T
—7.32%0~—2.75%0 , I —5.60%0 , 6D {H AT T —49.30%o
~ =22.20%0 , ¥I{H —36.02%0 , 7311 T GMWL Fifl] , 45
S3HI, BB P K R A8 A BRI R R L, A% Gt i) i)
R, MR K BRI T RABE AR RE S . SRKFEAL 3
MR, A T oF 58 X By 63, 6°0 fH A T — 7.63%0 ~
—5.97%0 , ¥J { — 7.05%0 , D {H /> T — 48.60%0 ~

—40.3%0 , Y18 —45.03% , 0"°0 F1 6D 434 T GMWL
WA, F5 7% SR KK IE AR TR K o RFLEE 11 10, 4%
A FAFFE X A JL ARG U, b 10 11 o 3 A 24 B
Ko, 1S U & FLBR K, 6% {5 A T
~9.34%0~—4.22%0 , {8 —7.49% , 5D {1 T —64.10%o
~—31.90%0 , ¥ {8 — 51.74% , "0 F1 6D 7% 7 GMWL
s, R AR S A BRKOR TR TR . Hrh
BELRE S AR RURBEZ R T HL A FLEE LA 7 R Y
BRI, R 60 oD R 2 1“5 7K 2 HERAL

1 12 (I FE g
Vell sample in December LMWL ; gt
o LA G 3R ACHE : OMWL. 2
Well sample in November ol
29 o 12H I EiLEE P
Borehole sample in December ~ y=4.7915x-9.203
o LA EiFLAE R*=0.8564
Borehole sample in November
o JFRE T R AE 9 B
-38— dinwell sample is less than 0
N ©o o0 ﬁ/h’fﬁal‘?ﬂﬂ’ﬁﬂﬂdl% %
N % . )
A sDsize < .;\' 3
) @ 3
-9 o &
47 y=4.3155x-14.595 @ O~
R'=0.8998 >
7 y=6.3765x-3.9995
56 7 R*=0.9953
Ed
-6 T T T T |
-10 -8.4 -6.8 3.6 2

3 5.2
60" /%o

El6 I SR LR 600D [l 2 K ad e
Fig.6 §"°0—0D and d in well, spring and borehole samples

http://geochina.cgs.gov.cn FPEHLT, 2022, 49(3)



712 Hh [

H

=

2022 4F

RS

545" 20+

Bt
Cultivated land
it

Forest land
Nt

Artificial surface

- WA
Shrub land
@/ 1211 A RFHE

December/November Well sample

U ROKFEN 2 A A ALEE
Sprine sample in November/Borehole
sample in December

o0| K/NEEI8LNHE
AbsD size

43 M%H18 Numeratoris 0"
091 JrEENST Denominator is D
TR WL 2. 1m
The buried depth ofaquifelrioofis 2.1m

—6.18
374

R
< @9))=4.431x-10.252
ﬁ} TTR=0.893
$=6.036x-2.137 /©/@>
.50 R=0.875 -~ o
P ©4dt$kwlzfmiﬁ#/i<ﬂ‘
We in Yaoji River Basin

-

@ 7 F KSR IBIR K b

Wells samples from wujiasi Reservoir Basin

-70 T T T T 1
-10.0 -8.4 -6.8 -5.2 -3.6 -2.0
50" /%

K7 RO SRR FLAERAE KU 2= (] oA
Fig. 7 Spatial distribution of well .spring and borehole samples

NE” o 3R RUR KRR &K ZHER B 5 T
KA ZE RIS MRS & /K R IRAL TR AR i 58
Ve 228 R MG /N, R T 7K
FHEAEH] A E R R AR, 60 Al oD fHA 1k

P17 2 BRI IR AV FLAESRAE 5 25 (B) oA, Hop
FR/INETR 60 BYLE X HE IR/ N (AR A 60 3
SRR , 50N 61O (R A, W) 2% 2 ik 40 A FH
o SRFE S IEAA AT X, bR 1K < Ho A
SEJELX, K R K, LA AN ECE S LBUK FISE
ZABUKITA RAE S . WHEORE , 0 A TIUAT el 5
SR IX ) RIFFEAR AN 60 Fl DA, WL 7
B S SRR T, G R VAT i 3 (= 9.24% < 670 <
~3.54%0, —63.2%0< 0D < —27.8%0) 5 & 5 ZTF K
JE 3 (—6.18%0 < 60 < —2.92%0 , —38.3%0 < 5D <
—2.92%) ; FE T MHL Y B HA BN 60, T AER V%
Jil 121 B BRI 60 fHL 2 i (b R kA T e sk 4%
Tl &b 0 SR 1), W B YT 3 R 1 TR R s 2 AR AR
REGK, 00 oD [FI7 2 F B — 72 19 L X SRk
N o XA RE AR T B L DA B R R
IR HRTRAC R , ZE B A /N, BB AR 1L X LA 2B i
0] g e &4 5 10 S D DX ) A 7 o ARG, e T K R
BV, 28 AR I ; [R5 R R A 7= A 6 K

K BT RIS LA, X o A R 5 %
BB R R K 5 WK R A &R SRR Y
TOKIZ, TR WAEER , BA R 1 60 Fil 6D
H (L7 PSR AR A AL L) 5 TR TR 1 3L )2 S4Bk
BRI KA B ALY 60 F1 0D {8 (K 7 rh b #8574
FTRAAL L) , T R KA i B 22 12, 120
RIS , KA A ELAE A ) 2 4 (5 W] 43 ZEFE
#1,0"0 F1 D HFAAL
4.4 HRK-MTKZ BERELXR

ARUCRAE ML ZROK  Hb T K R Z AR 67°0 (A8
AT K —9.34%0~—0.02%0 , “F- 2 {H — 5.25%0 , 0D 1Y
LG K —64.1%0~—10.4%0 , F-14{H—35.13%0, 1K
8 b FEIK ML T K E 0"0—-0D KR, HohhE K
VL3 3R 2D KA K 7 B 43 5 2 2% Bk rh 2R 45
(2010) , Fh 1 5 (2009 ) FI 4+ 42 5 45 (2017) #F 52 1k
B ME S, BFFE X N L R K R R BERA IE 7
KAREIREL L3I, X R BIA X Rk Bk AR
SREK , Z BN ZE AR AR /N . JKIE WA oD
1 6"0 (B 75 , VR TERE K i 47 R )5, K8 i)
Ui T ORI R 68, 28 AR TR BN, (845 [F 62 3K [n]
AR T E

R T AETF 53T, A YRS BT X P 0 PRI AS -

http://geochina.cgs.gov.cn FE ML, 2022, 49(3)



PR AT T U SRR E )3 R AR DUA L AT S 2K~ R /KR S R 713

494 930
154 N
® i (River) e
e JKJ# (Reservoir) A .
27 e Wk (Precipitation) -7
©JE - (Welh s &
a\g—w— © 5t (Spring) 7% &8 it
a © il (Borehole) o RS St water)
o ©
36— o /
o -8 AT
© e 5;? -~ (Groundwater)
-534 B, -
o -
70— T T T T ]
-10 8 -2 0

6
60"/%o

K8 K MR K 600D KA
Fig.8 "0—0D relation between surface water and
groundwater

35§« YA g 9 ek (TR gt ) K PR R (B R = K R
), WLIE 9,

FE SR R KA 24 AR 1S R
JKH 650 = 2.02%0 ~ — 1.25%0 , V- 21 — 1.76%o
0D : —19.40%0~ —15.00%o , “F-3I{H—17.7%0; BFHF 13

A, 6%0: —6.06%0 ~ —2.75%0 , - I {E —5.08%0 , 6D ;
—40.70%0~—22.20%o , “F-FI{E —34.12%0 ; %] Lt i F 7K
RS RARET Y 6°0 0D, 254 18 9 it S ia) & 48 [l
PR B, KRR E S AR E E R R T4
B o FEATZKIE, B i i LK 2R 5 EL LK
S RO A ST K B FEZAMA K IR . MUK |
AR TR R R R E , EATL T IS EA R IX
B, R PR T WK R AN o K K
E G IR R R, 2 R AL S A S A
[ i — D w4 . TEMKZE R IX i i T 15
ANB T A K 25, K AE B BT B 17T G R
K2 G T KRR K, KA R
AL Y T AN KR o KB TR R AR LY
5"0—0D KR REAVEIEZE KL ELL |, RWIKJE
5K K 5 R K Z AR A R X
RIS 2 A IR SE T AR K ZEI, BT 3RAS T Ho R
KA o

TER SR K PERE 34,00 —2.42%0 ~

P
—2.02
—19.4
FTRBOTAIA R —
o°
e
e
Cd
> 1'26.120061-4,6]42
ELL- i R=0.9773
>
-
o
I I I [
- -8 -6 -4
FEHL 5 0"/%o
Cultivated land 56— A ——
- I = CE & L eI EE A ==
Artificial surface >4
i 7 207 =
Forest land -
KPR O] -
E’ Reservoir sample £ 32 ® //®
(@] @iivf.elrffample a @%é y=4.2089x-12.293
s -38—] i
A B e R'=0.9468
-@ We]lsgimp]e //
HLEE 4 - 7®
Borehole sample
E KR 8LERFAELR /I
AbsD size 220 I 1 1 I |
] SIS MR -8.0 -6.8 -5.6 4.4 -3.2 -2.0
—5 | Numerator is O'", Denominator is D 00" /%o

& 9 Ra ik b 00—0D =3 8] 43 A
Fig.9 Spatial distribution of 5"*O—dD in the southern watershed

http:/geochina.cgs.gov.cn H1[EHBJFT, 2022, 49(3)



714 o £

b J 2022 4

—2.09%o , F- Y —2.28%0, 6D : —22.40%0 ~ —22.20%o ,
S {H — 22.33%0 5 B I EE 11 4, 6%0: — 7.03%0 ~
—4.56%0, F-14{H—5.81%0, 0D : —43.50%0 ~ —30.60%o,
I {E —36.63%00 KI5 K KA TS #E EL2 £k
b B R AR KEERY 670 F1 oD H B A, e HAz
SRR ZERU R M o RZK I, B R SE K P i
AT R 7K A SR, SRAE I ], B A5 OK
PEK AL i A 24 49 m, LbJE 1 R K AL 0.5~3 m, 1l
TARBRTANG KT . W AR E RN R KRR, XK
K PE R 00 SR —2.34% , T T e 1Y 00 Ny
—2.42%, /K JEIK TP "0 153 T #04k , AT Hb
KA R P R R R A SRR, X nT Rk
SRR T H R K YR AN 24T M T B IE
T HBTR K K R AR

5 ZhipSEN

AT EHCHIRE I L FK R T 7K &
AR R RS A A3 A REAE 4878 T K BRIk
Fith 7R B AR AR, U DL A

(DRI A AR E N R 217481k, 60
FODEAA 2 > 42 > Fk T > H 2, JF R
R RN, B A LR BE RN AN B S R A

(2)Hb R KFE 11 H F112 A 52 38— 1 78 K AE
H LXK S BB L XA H - 5 DX 3 5 7K R R
B 60 F 6D 1Y & 4 s WA Y S B F1 16y 60
FODAH.,

(3) BRI R ARG FL AT AT RS BEK Xt
FLIRIZ 52 K SRR, 4558 & B 60 F1 6D
FEIW L BRER Y 5 7K 2 B K BAT 240 60 il
SDAH ;X HeAL R AY B 1L X 5 8 A I i S, &
LR A B SR 1 2 1 T /K E 4 60 Al oD,

(4) 7K Hb KBk B KRR, H K32
FNZE KA R AR /N, b3 7K 52 25 B AE A2 i
U A SRR R i E R A R DT . AR
G AT R R ZR S B o T B, 45 SR R WA K
FHARAS T K R R K R R SR K e
PR3 T Hu T KAMNA LA

AR RAE TAE E AR TP AEA K, AR X =7k
IR AR A TR A, S ST R X T T T
Y, I AL = P B |, B B — /K [l 57 R R AIE 2
HAL A T8RN

Bbh R EA TR X AEN LT 4
THEFAENFBEREL!

References

Chen Zhongxiao, Cheng Jun, Guo Pinwen, Lin Zhenyi, Zhang Fuying.
2010. Distribution characters and its control factors of stable
isotope in precipitation over China[J]. Transactions of Atmospheric
Sciences, 33(6):667—679(in Chinese with English abstract).

Chen Jiansheng, Peng Jing, Zhan Lucheng, Zhang Shiyin. 2015.
Analysis of isotopes characteristics of river water, lake water and
groundwater in Poyang lake basin[J]. Water Resources Protection,
31(4):1-7(in Chinese with English abstract).

Clark I D, Fritz P. 1997. Environmental Isotopes in Hydrogeology[M].
Boca Raton: Lewis Publishers of United State.

Dansgaard W. 1964. Stable isotope in precipitation[J]. Tellus, 14(4):
436—468.

Deng Zhimin, Zhang Xiang, Pan Guoyan. 2016. Variations of
hydrogen and oxygen isotopes in Meteoric precipitation in Wuhan,
China[J]. Journal of Yangtze River Scientific Research Institute, 33
(7):12—17,22(in Chinese with English abstract).

Dong Xiaofang, DengHuangyue, Zhang Luan, Zhu Zhipeng, Wang
Lin, Zheng Xiangmin, Zhou Limin. 2017. Characteristics of stable
isotope in precipitation and its relationship with ENSO in
Shanghai[J]. Environmental Science, 38(5): 1817— 1827 (in Chinese
with English abstract).

Gu Jinyu, Zhang Wenjie, Xu Wensheng, Zhang Pingcang. 2017.
Characteristics of D and O in precipitation and water— vapor
sources in Wuhan, middle reach of Changjiang river[J].Yangtze
River,48(13): 31-35,63(in Chinese with English abstract).

Huang Xiaoqin, Liu Qing, Xue Zhongqi, Liu Jun. 2014. The
characteristics of groundwater isotopes in upper reach plain of
Qingshui river, Ningxia[J]. Journal of Arid Land Resources and
Environment, 28(2):143—148(in Chinese with English abstract).

International Atomic Energy Agency. 2011. Global network of isotopes
in precipitation [EB/OL]. http://www— naweb.iaea.org/napc/ih/
THS resources gnip.html.

Liang Yongping, Yan Fugui, Hou Junlin, Wang Weitai. 2006.
Discussion on condensed water supply to karst groundwater in
Zhuozi mountain region, inner Mongolia[J]. Carsologica Sinica,
(4):320—323(in Chinese with English abstract).

Miao Jinxiang. 2013. Formation of the shallow groundwater in the
northern Henan Plain based on isotope analysis[J]. Hydrogeology
& Engineering Geology, 37(4): 5— 11 (in Chinese with English
abstract).

Moore, Willard S .
discharge on the ocean[J]. Annual Review of Marine Science, 2(1):
59.

2010. The effect of submarine groundwater

Sun Tingting. 2017. Variation Characteristics of Stable Isotopes of

http://geochina.cgs.gov.cn H1EHLFT, 2022, 49(3)



A9 3

PR AT T U SRR E )3 R AR DUA L AT S 2K~ R /KR S R 715

Water in the Yangtze River Basin[D]. Nanjing: Hohai University
(in Chinese with English abstract).

Winter, T. 1999. Relation of streams, lakes, and wetlands to
groundwater flow systems[J]. Hydrogeology Journal 7, 28 — 45.
Wang Dongsheng. 1989. Modern water resources science and isotope

technology[J]. Geology in China, 16(8):27-28.

Zhang Bin, Guo Zhanrong, Gao Aiguo, Yuan Xiaojie, Li Kaipei. 2013.
An Analysis fo the Interaction between river water, groundwater
and seawater in Minjiang River Extuary Region, Fujian Province,
Based on stable isotopes D and "*O[J]. Acta Geoscientica Sinica, 34
(2):213—222(in Chinese with English abstract).

Zhao Jiacheng, Wei Baohua, Xiao Shangbin. 2009. Stable isotopic
characteristics of atmospheric precipitation from Yichang,
Hubei[J]. Tropical Geography, 29(6):526— 531 (in Chinese with
English abstract).

Zheng Shuhui, Hou Fagao, Ni Baoling. 1983. Study on stable isotopes
of D and "O in atmospheric precipitation in China[J]. Chinese
Science Bulletin, 13:801—806(in Chinese).

Bt 325 2% T ik

WA A, B2k, U, KI5 . 2015, BB ISR K LK KR
IR A BAFAE AT [T]. AR IR, 31(4): 1-7.

AP, FR7E, 505 SO AR, TRAR A . 2010, HP [ R KA E R 2 Y
AR S R R [T]. KR4, 33(6): 667-679.

HANTS, A A, SR, ARG, THE, PR, JEAL R 2017, LR

sk R T KRR AE R 5 ENSO 96 R [J]. B R} 2%, 38(5):
1817-1827.

XE R B, K, W . 2016, s KRR K Y SR Rl 2R A8 (b Ay
TR RTTR B B, 33(7):12-17,22.

AR, RSO, VPSR, SIF6. 2017. BT RS K oD il 60
AEAARRE BOKTRRIR[I]. NRKAT, 48(13):31-35,63.

F/NEE, WA, BEADA, XU . 2014, 7 5 [ J5UH X 3 T /K [ (67 28 AiF
BFFE[I]. TRIX B S IRET, 28(2):143-148.

BRI, [EIAR 5, R, FL4EZE . 2006. P55 T ILHBIX BEES KA
Vel T K AN O ERTHD. h EAE, (4):320-323.

HEHE. 2010, FEF [FA7 R AR IR 24 T KO8 B IR 1. 7K
SCHBJTE TR, 37(4):5—11.

IMEE . 2007, KAITIR/K RS E [ 2 AR DFFE [D]. B 5L - g
K.

FARTE. 1989, BUARIK B IR 24 5 [l 47 A (1] o E LR, 16(8)
27-28.

T, 2805 o0, I, R B, 20T EE . 2013, HAUAURE [ H
I W YT T DK K AR K A AE AR I [T]. Mk 4z, 34
(2): 213-222.

BAF AL, BaEdE, B . 2009 WIALE B Hb X A K H Y R ]
PEFAFHELT]. FAdF B, 29(6): 526-531.

WU, ek e, R . 1983, 3 B KA MK 1 AL Uk Al 2R 1
ST BRAiER, (13): 801-806.

http://geochina.cgs.gov.cn FPEHLT, 2022, 49(3)



