$39E FHoiy
2020 4 10 A

i S
CARSOLOGICA  SINICA

Vol. 39 No. 5
Oct. 2020

% 9L, X S0, B, 55 TRk TR R R IE A BT ra A VA ML R KA R IERFZE [T ], W A, 2020, 39(5) 1 650-657.

DOI:10. 11932/karst20200501

Bk L R SR
i Tk AMA SR B 5

oYL, L, AE, AR, TR

?ﬁb\;% 1%1:7”_]‘ ﬁ]’/%z }‘%"é‘% Ifﬁ—\

GLh AT RAERY 5E L TRBERFL TS/ WRARTT FHEFLAHNO =KL
JR AR KN, Fd 250014)

O SCE A KSR H L PO TR 2R S/ S FUAE L BC FTHC TRV 28 R R A T R K R 45 R R
H POKRM G R IR AT IR Y . B R R ], 0 VR AKOK AR & 2 DL HCO,— Ca \HCO,»SO,—Ca #I y F
POK LSO, —Ca Bl 32 . 7E 52, B 45 #b 45 OGS b R K #b 45 LU 22 7F 66.00%0~73.58% Z [4], HL 4%
A XA 5 B 26.4296~34.00% , 5 25 SR /K 32 B IR by B B2 AN 45 XA W 4l T 7K o b EAOK 32 8] T B
DL B B KR 45, S AS [R) B 300 B K R 25 T 2 B B TR A b 7K, 92 32 b 4 IX 3 0 O 1 R e v Bk L
SH K — Z LA MR # A = AR FE 350~550 m Z ] .

KB AT KOUHER AL 2E 5 R 2R 5 #4AkUA
& 4y 25 :P641 XERERIR AL A
X EHS:1001—4810(2020) 05—0650—08

0 35l

[

T K RME HE SR W5 R AT LR KT &
FIUR B ARIPATT$E o B ET, XM 7K b 45 ok U8 i A
9% FEA M T KK BN J7 25 71 H AR AL, IR
JE 7R 5 UL B A B T K A2 | R 2 B A T i
FEA VS MR K HLIX , BT i 2 B AR BT i Bl
TR GO E K ZE A BTUGR FNE 5R IE AS SE
g3 TS BOR 7K 3l ) 27 503 468 380 1Y) O 5 % 5
Ho R AKAMEHERFFE R R 22 80K ik Ak Al
BN BRIz N TV R AR HE R A Y
o, —SERRE KA AR bR SRR E R R AR AR AL T
KPR SRR E T . L, 4 TR
], 7K Ak 2 46 bm B [ 457 38 48 A s W el (RS ] ol JFE it
B TE R K AR AR R A R AR B Y, R K
AR KA PH B0 FIPH S HE T 0 Bl AR 2
Vs 1T K 48 U 25 14 ; Jebreen 25 R PH ™0 [R] iz

FH R (F RS )RR (0SID) :

RS T B AT S K 2 AN R

TEEE T X R E R A A SR R X, X
EBTIRE BER BRI R KRR
M AL S 2 U B & 2, iR K TSR, iz
AL, YT R MR KRN TR
BSR R B> L W, DR, X AR K A R B %
RGN BIRE AR EFEX TR AT K
IV & B A E bR KK B T RRAE KAl R AiE 45
HEAT TR H AT B UGR

AR SCTE ZR Go I 91X dul i B4 5 45 18 1) L ik b
FIFHARAE2E PH PO R 2 YSe/Sr HUAE .8 7°C e %5
SR, AL BT RS DU OR BT K ANA R, PR 5
Jb 0 Hh AR R R TR S D4 v AR R T R L R K
SRIK IR TT K AR B LRI S 4

1 HFREXHBER

T L DX J T T A R Bt 1 2 KU L AR

F—EE T ZUL(1978—) 53, DU AR} M g TARIW, AF 55 05 1) : /K TER MBS . E-mail : 5605529@qq.com,
WASVER B3] (1981 — ), 58, UM, WFSE A , m 90 TR0, WFSE 5 1] : K TR . E-mail : wsm0810@163.com.,

Wk H A : 2020—01—11



H39E EOW

%2 YLAF T KA RO R RHE A BT AT T KR 2R BRI ST

651

BIR 14,2 °C, 248 F ¥ K i 698 mm, Z4FF-
YIZE R H 1 476 mm. i & HFIE X B0 R 2
B I 1 S 1 A A= R N | 42

GrRa i e 1, b T, e R bk, K
I U6 g o b b 2R 43 K08 E O ) I b TR 5 37 AR
AR | FEBE L A 700 mFE 2 300 mo FERGHLIX
b )2 B A AR Sy 1) b G AUR A K R B i, R
b, M2 oA B AR R 2 BRIV R R A
LA T AERERR BER ARAKL EZR W
ERECRRENR, PP X B8 P AERRA

L BECATE IS NRSE o a R BRAJR E
R AGAM B . PR AS LR XS
PRER, DU XA W R TR R SRR Z T,
MBI T A Sy 1L B

DA 2 S KA AR YR L RAHCE
FALBR B IR AL, A PR LIS BLTORR O 3 s B R £
R — A Sk e, FE R FER R P Sk
HAGKIZ LG KIE—=11F 4 &K= F1 5 Ry
R DM EKZAN, A RO A H B RS
(K1) o WFFEIXHR K A 1 bl g e

ELES
BE RN
V.l IR - = 10T
7z it
7 A ® R-2 il
ﬁ;ET jWI BK1 . gﬁggﬂ
\ kel
\
N % AR s
AR o e S EI NI hAC
“/. RS AYHEIZR
\\\ \“ » ,,
S - AT TN
: /%/ o
N ) s~ |\
) -5 I/ /JN1§Q\ L) ;;r;
\\ // , 2 [ @ \\ -
\& % \
N AR LK UEi
- KK O
\ 1@
i |
HR vl
k mNie© | |/
3 N |
\ \ ! /M y
Nl | /&
ﬁﬁo o\\/ \ i \ | ’f {, ’ <
NE A | ey
0 Bl
N L L\/[w./, I = 6 . N -
\ ?(\ ' Vo X YVl
< (A 2T . [ DR,
\ By 7Y W .
\ 48 ‘/“\420 - N, >
) - = Oy s
& e P
o 5 3 \2 7= :
S 4 UI:E!{-}%%M%X\/ Q)
P &) - S
b}"-, ae (P g A “
e | Hipuk © | AWK § | R

&1
Fig. 1

R 7K dy R 1 G Sl A P R R
IGE R e A A BELA 30— 00 i T oK 1) bR TR AR
R , 32 20 R PO AR, 7R 57 L RRIE it

TR B R AR AR E RS T
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Fig. 2 Schematic geologic profile of Jinan area
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Table 1 Statistics of “C test results of geothermal water samples
i IR/ m “C/pMC 0"C/ % A,/pMC REIEJG C AR /ka
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R 707 9.90+0. 10 —8.3 33.20 10.0
R 1100 4.20+0. 10 —6.5 26.00 15.01
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Table 2 Contribution rate of indirect and direct recharge areas to spring water
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Fig. 7 Histograms showing contribution rates of indirect and di-

rect recharge areas to spring water
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FEfh ST 80/ %o O*H /%o e /m
GH1 —9.5 —68.3 857
FrHA —10.3 —74.6 1365
w1 —10.1 —73.0 1236
A1 —10.1 —71.3 109 9
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Study on the recharge source of karst groundwater in Jinan city based on
hydrogeochemical and isotopic characteristics

PENG Kai, LIU Wen, WEI Shanming, LIU Chuane, CHEN Yan, DONG Hao, SU Dong,
YUAN Wei, HAN Lin

(Shandong Engineering Research Center for Environmental Protection and Remediation on Groundwater /801 Institute of Shandong Provincial

Geo-mineral Engineering Exploration Institute , Jinan ,Shandong 250014, China )

Abstract Hydrochemistry and isotopes can be used to study the recharge and discharge characteristics of groundwa-
ter and make up for the shortcomings of other methods. As a typical karst area in north China, there are many springs
in Jinan city. The research on the source of groundwater in this area can provide a reliable basis for the spring protec-
tion. In this paper, hydrochemical parameters and isotopes *H, "0, *’Sr/*Sr, "C and "C are used to examine sources of
four springs and geothermal water in Jinan. The results show that the cold karst water are dominated by HCO,~Ca and
HCO,-S0,-Ca types, while the geothermal water is mainly SO,—Ca in chemistry. In dry seasons, the recharge ratio of
indirect recharge area to springs is about 66.00%~73.58%, and the direct recharge area only accounts for 26.42%~
34.00% of the total. The main source of spring water in dry seasons is karst groundwater in the indirect recharge area.
Geothermal water is supplied by Pleistocene precipitation since Pleistocene time, which is mixed groundwater formed

by precipitation during different periods. The supply area should be Zhangxia or Chaomidian—Sanshanzi formation at

high elevations about 350-550 m.

Key words karst, hydrogeochemistry,isotope, recharge sources
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