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Fig.] Topography and water system of the study region and the water sampling sites
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FeSHEBERRAAEE N, AR EEES, —BEE N ESRPDBERERIHK BE—
SE BB B A UL AR Y, BK MR K A RAF, o B T2 B T O Y BURLZ H R 4, 9 TR
WX IEA N E, BB A SR A E R, EE R 100~900m, rh it BT
KEBZNEUAMBIRBOARK PR RS UL EXBHPREMBBRE N E, EA
MEKESATEEALE  BELXEIRh =AM .EHEBFTIRYHR, EKEMEK
HEE,

BRARBFREENRSKNFE—NIIREER SHEBBMNEKEL, BH
ZELER PRZEND AR UREILEE L EHRAALRE KA, WEFREREBT K
FRNEIHREAMBHAREK, SKBETRFRE B TR 24 B 80m 3 i02) 120~150m, i
FHHNRER, BE— BN 140~350m, ZK G A BR A S E B R £, BN
BB T 1 008U o WA R IR X A Mg R X 0 B R 3 U R rh BB B, 4 LA
TINEKERGE KR REREK, RIBREKMEHREK. EKEKRGRFER
30~50m, K BAHE U FRERUSHS HBARE, EP KB PR URAD R X,
HFKBEEBORABHEY, BAkEhEEE; REREKTKBITARE— MK 120~
160m, Ji& F B E — B 270~360m; JEF & FK & K & 4R R A 350~550m, & K82 Rit
J& 100~200m, DA #5> .\ HE R B AR

3 BRF®

2003 £ 8 A 26 £ 30 HX K EWRIBP FHHFTTHAZAE, F BT ERNEREE L
- BT-F R~ 8  m AT T K R R #AT TR, RER S RE 1, T K
REEBFFKAKS, RKEARAKFAKEK. BFHRA CPS €L, kA Horiba EC/
pH BV A 3 B K (4 018 BE i §: 38 (EC) 71 pH B, R AT #1 F /K 31 (WL100-2A) ) & 3t T 7K
Lo ERKAFEMAERCESHER A FHRXELREZHT, KILEFTRAB T
{% (Shimadzu LC-10A) il & , MM EiR £ N 1% HCO, R AR MR- FRBHEH EWE ;
FKHEER) 8D F1 80 ¥ K FH Delta S Thermogqest S {4 I8 55 & Al 7 & R 154X , W %E 45 3R LA XF
T VSMOW #¥E T4 32 1R, W& K B 2 5 R £2.0%0F1:£0.1%0( 3 1) 6
4 ZERJTE5VHE
41 KEFENEERURZTEATUREFEN
4.1.1 KIL¥ER5

HERE.aSEECORKGPAABEFIREN AR, E—EBELRBT KD
ERBABEAIBPREABEAHEHNAIMNKE, KEZBIBP MESBREMNEK,
AWEBEEN LEPOBABERLHREB TR, ARASEIFERPIKARS K
i AR E AR TERNER T, KENEFEEZHATN ., B, RERRAREK
iy S RESE LM HEE, TURBUENKNEBBE, H— S RENRE AT KN
PEFYLEE . WAL H T K3 290~1 027ps/cm, VIR X #F K # S H ) 554~
2 220ps/cm, FBA 1L K H T K AR Xty Tk 7828 8] L B B AR BB EAIRE. k2
WTAKMEERT KNESEEFRBEXA, ZHRBHRTKEKEMEBRRLTKEKER
FARAMBT KRS,

pH {E : I X #5 T 7K % pH {4 7.58~8.03, 2= k8¢ /I ; T W[5 X 3 F /K &) pH H X 6.86~
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21 A¥ENEARGEE.EC E.pHEXKLEEMN
Table 1 The hydrogen and oxygen isotope values, EC values, pH values and hydrochemical components of the water samples

EC HCO,+CI  SOF  Na'+K* Mg*
a oD/%0  8%0/%0 pH {§ Ca*/(mg/1)
/(s/cm) /mg/L)  /(mg/L)  /(mg/L)  /(mg/L)
1 717 -9.42 500 7.68 680.0 175 59.8 75.2 96.9
2 -73.0 -9.44 290 7.86 986.3 89.7 120.1 129.5 93.6
3 -72.8 -9.36 389 7.92 354.2 58.3 150.1 79 189
4 -68.6 -8.56 1027 7.58 745.0 34.3 60.2 76.7 1125
5 770  -1002 378 7.89 559.1 3.7 221.5 19 55
6 -54.4 -7.00 1296 8.13 2343 11.8 59.1 53 300
7 -72.6 -8.60 563 8.03 546.4 58.1 143.5 39.8 449
8 -65.3 -8.80 1010 7.66 4215 79.3 33.5 30.2 1943
9 -70.0 -85 737 7.79 57127 129.7 82.4 39.0 108.8
10 -42.6 ~3.76 721 8.97 39223 22782 16952 7048 284.8
1 -483 -4.36 726 8.83
12 -43.8 -3.86 2 050 7.06 421 26.0 1779 24 5.0
13 472 -4.88 1633 7.54 527.0 80.2 64.0 54.8 98.6
14 -53.8 -5.47 1526 748 4469 9.8 180.5 29 7.8
15 -633 -7.28 1110 731 225.7 52.7 65.2 74 277
16 -65.8 -7.64 981 7.56 593.0 142.3 1312 444 144.7
17 -68.8 -8.09 554 7.44 458.8 115.6 10.7 357 939
18 -62.1 -8.07 1623 7.02 4933 109.5 9.5 40.0 118.0
19 -809  -1041 734 8.17 547.0 756 1329 417 59.9
20 -63.7 -8.45 2220 7.22 691.9 41.6 84.0 459 179.0
21 -81.9 9.17 976 7.63 300.8 66.8 1184 16.4 223
22 -66.3 123 1215 727 609.0 943 1230 532 96.2
23 -66.6 -1.76 1135 7.44 2752 2.7 32.4 14.1 439
24 -64.7 137 944 7 354.0 0.0 55.9 117 414
25 -69.0 -8.15 1077 6.86 610.5 85.9 36.3 70.3 1144
2 -71.6 -9.60 624 8.55 590.2 9.4 443 554 62.2
27 -78.1 -10.18 823 8.22 3176 20.1 242 23 50.3
28 -76.0 -9.52 748 8.32 2388 7.0 16.4 10.5 61.4

8.5, BALHIXT B K o BT K ARZEH T K i pH (E72 7 R TE B B 1 K31, RIE R K
& pH {5 — M 7E 7.06~8.55 Z 8] , i /2 N 6.86~8.03, H—SHEHBREH T KEKEMESH
TAREKBRTAFRBMBT KRS,

P FAR - RE AR Z AR RFRKEELR IR =ZLETTLE L (B 2):
MAFGHB L X0 L AT sp st AU BB AT KA B AL 0E — sk AL AL AL (B AL
i v L Bt AR B AT 2 2 P R P JROK AL S R AR W B B R ], b AR R RS L A kAL 2 4%
fiE, Wi LR BE & KBEMEE & KB KK AEFERAEN B H XA, #— S T F AR
HWIERREEKREMRZESKEAER TAFRBBT KRG, RIFHIX A KO FEH
EAUKACSEARAE B 40 5, ATIHHE B R K B3 F K R GRS PU BB 1L (K 0 T K R 46 L AT R
RV EZRRB T ARERNEEH T AKRE ., PHPRURTFERRBH T KRAEMTE
TAREFHEEHHBRFFERERAT KRAENEERTKRL.
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AR, RERT KSR, &
Yook B BV RURAK JEK , K AL 2R i
Mh A WM, M-SR,
SR R OK i L E S REBTEE,
KBTI 03g/L A HE L0y/L, &
15 U0 M | B4 T 44 2.0g/L, K AL K
HERRAEEA, ERR-ARE-ERR
BIRIAE ALK o B TT DUHED , 75 X I8,
b 7K 32 7 AT B 7 358 L B B 14 R
5 KB RS AR

EHRIXARFUHCO,SERE, K
KA 8 B HCOy & BB, %7 907me/L,
3 H HCOy & B A AR BT B BT B & M2 Rm=8E
WG NCETAREHAR. X5HTFA Fig2 Paper’s disgram
HEB T T RREHH, BT ALEEIE 0T E A REHFAEOELR—
B, RAh, HETH CafZE R I T 3L X 1 R BB B B, i F Kk AL 2 R
B 158 LB ) HCO,—Ca BT W BME A" 46 % 9 HCO,-Na BU/K o T SOV B 7 161745 7 #f
REAE, R T BB AL M

LB ERRTEENDHRL S, ERTEKEBNEES AR, KEBA RS
FAMBFKEHBET, REHT AR 13 BAIE%R R HCO,—Ca BAK ,RET
T i T K AR 5 50 0 R AL B 1 RO 3B P I UK, 3T K B0 8 P BE L B R 5
YR T K B RABE A 12 70 14 (KA 32 26 B 4 B A BE B0 9 HCO:-Na Bk, T K HY
BFEELEE, BREER HCO, B TSR, Na g BA S, FEFRELREH
Tk M2 R T AR AR A b BB B b M 0, CO, S HR Tt o G35 1L X A0 11y 3
FPEM KRB RE—5, R LATHETES LR T KFEES DMK S
BE.

2R VBB B K AL 22 2 B HCO, #IK W 1) SO CI kL 3 30538 08, R
BE 5 15.16.17 B R BIE, K265 i HCO,-Na B 9K B R4 SO~Cl-Na B K , 3
HFABBREIRE, B LEY B, ZWRER T ANERS FAETFRRGARR
Girh e ph B BT B 38 R R M T A R IR R 0 F A K fh 2 X BUEE , 7 7E 8 SO,-Cl-
Na B T A B, B L8, RUR B T AAREM T K EERTH AR

B RAFEINERETANLSREBT K. REBRBANEIERERNATFRETA,
BT &R M T A Bk AL, R E R TR T AR RER T K,

R MR BEUTIE R K B AL 2236 ) HCO,-Mg—Ca B MK H ¥, BEHT A
MR FAKEERREE, ZRREHTAREER T A AFE—SHAIER, &
KEZEAEERFAEAR, BERE, RELTKEERE T ROTLEER, REMHE
EAAREERERTAEFRERTK, SHRERTAELBRAIE R LRE
FK. HERR, REHT A HCOr & B B WK, 4 3L CO, MR, 1 FAEB T MMAN A
W6 (IR, 5 o B B B T Ak 36 R 2 B SR W

cl-
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4.12 SERAMEAR ,

Craig M 2R KSHAL (CMWL) RF £ M KSH KRN ERTY, G4 KKK
BRI KRR KBS M AR, X AR Y NE R AR KSHK
LR, WE—-KRAF, b FRIBEKRF KRG T KOS E, %3 F AR Tk
R RS RS YRS AR BT R RREEA, T ANRLEAREE TR
KEFEHEAS, BRPHRGERAR X SR KRALEARE RN, MR EER
ek FEAMNG M T A B R B2 6 MK B R R BT . R K SHEKRRAERETF
fEbh& (IAEA) 72 P B 4 27 AN 2 3RASBEK IR0 % Wil 9 (GNIP) 3 45 M Bk S 8 2 IR
FUHRIAATE B, HEBDHAKKEARR (MWL) K

6D (%0)=7.82- 6*0+8.84 1)
K, 8D HEA R R LW W, 670 KM £ LW A,

HRRE T ANEERLEARETHERSKBALATH(E 3), 345 4B KK
ARFAMEAREERS, FHBT KRR AIHE
X, ERKENLHTRZHEHET ~EBENK
REFASIETANESE, BT KEZEKNIES
WAHZEREALIREEAAMENTE, HEaR
L REREARERSEAKIMTHETH,

L HRRABRNEEALEARSFERER A
M3 FEXURARSHARANR 3l R AAFRE S BRI, S FASHARME L
Fa;“%%ﬁ@ﬁﬁﬂ _ HOMBURTURAT okt 8D F1 50 E TR,
167 Teloorl waler Mo and somponee % HIMTEEAHFRERAABEETE, BT ANE
AR ZAREHRE, BASERGCEREE LS
77 BB 53805 i BT 7K 1 SD.8%0 F RS, RRER FANEES T ANALE S &
ZRBK, TEXRI AR T K 8D.5%0 ALK EBH , TiGUEH T K 8D, 850 {HBE ;
BEEHWRBEA T ANERB FALERMCRARERRN; FBPRETLEREMNRE
T K #8E R 34k, D80 FI N E £ H K SHKEMIE .

HEHTAKEERANEMKLEARSHSAMEXLR, BARRNRRASKRLES
T KBS ER BT -

FHUX (B3HAK), #HFRKEERZHRANE, KEETLERE, BTKU
HCOs-Ca BIB/K K X , 8 —HiER TSI K3 F A T BRI FHOKNING . BLRKS RS
& MR SR, A BB, RN T TR, T A RIS R AL FAS Mk R . 1095
I T RRFESRE 1.2 3 LI K% 4.7.8 719, FAEHR D LT EM-72.99%0~—65.33%0, -
8150 735 1L 7t FEl A ~9.44%0~~8.56%o , 14 ) 10 & 4L ABIEAFIE , 7T LU M T Ak 5K Bk
KRR EARENRK, BT AEHEMRE, —REFAEBL E,—A KR
FRERIEHFMA,

WET R B TER (F 3 BR), e FAETENEKMRERTK, T AU L
BERE R HCO,-Ca BIfY/K A E, B TKREASR 12.13 1 14,5D 35 4L 75 B A -53.78%o0~
~43.76%0,5*0 M~5.47%0~-3.86%0, X 5 ET/KENFTFRARE 10 W EMNEAR 48R, B
SEFBE LIRS B D H—42.55%0,8"%0 H—-3.76%0, 454 HbHTT LA HE T B K B ik b

hydrogen and oxygen isotope of the samples
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FKE K EEAKE S AKX T T RETH S (BT KELTRETHE, SRk, R
FFTEMR AN T KB ) o

PEBREBEER (B35 CRK), T KILHEEHBKa T KORARARR
b, 380 C KT KS B RETKAFEKAKR, KR EEERKE. T KKEE
KB HCO, Kk ZH#i[0] SO Clrif K LR BT H, FREREHR T KEKZEHH 50~
200m, BREKBEREN 200m AT, REFKBHB T RAMRBFERSKER, XFAKE
6, % T BB R B b e BE A o T KR 23 K SRR K 36 R AN 45 B0 45 R (3« FE T, 77
FERAKHEG), KT KRAREREMER 3D N-69.04%0~-62.15%0,5°0 I -8.45%0~
~723%0. WEFKBHTKRER 9 BAETFEAXEZHBT KRG, HH K 300m) HEEK
FRhL R A R AL, KB AR R AR 3D #-80.91%0,8"%0 K-10.41%o, LA LB & K4
ZEFEHEHRAR, — & ZEKIKRBD,

Fl pRBBPER (B 3% D X)), i TAKRAERHE 26.27 1 28, A K48 8D AL
715 Pl \—78.06%0~~76.21%0 , 80 9754k 75 Bl A —-10.18%0~-9.52%0, 3 H. 3 1 R R B 7K L2
HIR+ 5 B, 3 R HCO—Ca-Mg BIHIK . REH T K RREEH T A EARAMRARE RN
B ZURBHRT KERERTRZEFFEHZHRKAER T AR 28 SRG%8E, B
SHKRAMREFFENBKEARURENEET 0), HAXAREFARSNTiE
KA LR K RARERRHT K,
4.2 i

PRBEAAKEFREEXRHEREH BN MER, RANBRELATKHLTER
#, I POKS BB RK BK, KA ZERBH ERRERS BB RREE RRE-ALY
B RAYEREROKBILATED KRB PE, KO LEH 03g/LALTES 1.0g/L, E
EIE R R EA 2.0g/L, KIL%FRBHERRABUK ERR-ARNA-ERRWN
BUKERACHAK. BILFTHBBE AR ZERE, RE K P BRI R AR SRR

HRBAHNKFEHEARCRAREEREHABHEEER, FANABLURIAR
P RAROFRIBEKLHHE T REERZRKEKNH G, SRR EE
FA W B 5 LA B TR X (#h 45 X)) B9 8D M A TR FIR, B AT SRR REd
FE PR R2AREENFEFPE, T AN ARG RARZHIEE, BELE
Rz 3 8RB B A BB Ay . LLRT ¥ K B9 8D A 8°0 8w, HIRE T ARFRE T K
MACESBEINBR, TEXRIABREHTK D M1 8"%0 HBEHK, MHZEHT KD M
5°0 EHEME; F P RH X RERA T KAFER T AEEARMEARERRD, RARE
TAMPEATKEFERRILAR, THRBEHTFKCRAER 19,35 300m)HELEZ R R
PR T KMEWMED, XATHFERRER T KA T RZITEE AL T RS,
RERGAKME; FBEEHNRRRTR, PEAREH T ARE 52 L,8D f18°0 KRES
HERSFEKKHE , 0 0 ZRER R B R R AR AL T RS

SEMTALUAY FRAKATKEFERX N ABLUKBTRIEREREHT —E#
BERZREERANRSBEKHEZNS, BILXERERMESE o WET B3R F X T K
EFEERETAE(ETKEFEFRERIR )Mt RK B4 Bk EESIK, RKHE
BAREBXETBHARTAK), i KKHEKIS & # BB, BREHT KHERE
RAgB. REH T KEENERATHARBERT K, AN T KAKRBES. PHRFRER
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FERVEMRBEESFRERZERTKETILTEHRMUEIFR, K3 H R HRE, KFR
TR R H BT R, R T T K IEER
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A Study of Groundwater Cycle in Yongding River Basin by
Using 8D, $%0 and Hydrochemical Data

YU Jing-jie', SONG Xian-fang', LIU Xiang-chao?, YANG Cong', TANG Chang-yuan'?,
LI Fa-dong'?, Sakura Yasuo®, Kondoh Akihiko®
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Chongqing Jiaotong University, Chongging 400074, China; 3.Chiba University, Chiba 2638522, Japan)

Abstract; By using environmental isotopes and hydrochemical components as tracers in surv-
eying water circulation,this paper revealed the groundwater circulation characteristics in the
Yongding River Basin.By field surveying and groundwater sampling in the shallow and deep
aquifers, the hydrochemistry and hydrogen and oxygen isotope components were measured.Then
the spatial distribution rule and evolvement tendency of 8D and 3“0 and hydrochemical
components of the groundwater in the deep and low aquifers were analyzed for revealing the
groundwater cycle characteristics in the Yongding River Basin.The results indicated that the
main recharge source of the groundwater in the piedmont region is precipitation,and evaporation
process of different degrees has undergone after groundwater recharge from rainfall in the basin.
Feeble evaporation process has occurred in the mountain region and intene evaporation process
in the plain region,especially intense evaporation-concentration process for the groundwater in
the shallow aquifer in the plain region.The hydrochemical characteristics of the groundwater
manifested that the mineralization degree of the groundwater ascends gradually from the
mountain region and the piedmont plain to the seashore plain,and from the shallow aquifer to
the deep aquifer.Evident inter-aquifer recharge phenomena exist between the shallow ground-
water and the deep aquifer under the plain.While the phenomenon of seawater encroaching to
the aquifer does not exist. *

Key words: groundwater cycle; Yongding River Basin; 8D ffl 8"°0; hydrochemistry



