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Hydro-geological map and distribution map of sampling in Jinan karst spring catchment
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1—Fissure-karst aquifer; 2—karst-fissure aquifer; 3—fissure aquifer of metamorphic rock aquifer; 4—{fissure aquifer of sandstone aquifer;

5—instrusive body; 6—surface water (river and reservoir); 7—spring; 8—fault; 9—boundary line of recharge, runoff and discharge area;

10—100m buried depth of apical layer of limestone; 11—research region



BT B F5 2245 - TV A6 T SR R B DXOR AL 2 5 BR B IR (2 R T A 1653
F1 FHAEBARBRBERAKKLEFTRAMAES MG R
Table 1 Hydro-chemical and isotopic results in spring area, Jinan karst spring catchment

G |75 (BURERE]| KT | Na™ [Ca?™ [ Mg?T [SO4%7 |NO; ~ | CI~ [HCOs —| Br—  [HzSiOs| TDS | CO; | Sr*™ | Ba*>™ | 6D | 880 [6%'S
#£208| % [2012.08(0.81| 13 |95.6|17.2|59.3 | 32 [29.8| 269 0.074 | 16.2 | 382 | 16.7 | 320 40 —54 | —8.4|6.9
2209 % [2012.09(0.79(13.2|97.1| 17.7 | 59.4 32 |30.1] 274 0.068 | 17.7 388 13 300 37 —64 | —8.9|7.1
#£210| % [2012.10(0.78(12.7| 92 | 16.7 | 58.5| 31.7 |29.5| 262 0.07 | 17.3 | 373 | 10.9 | 330 42 —35 | —8.4|7.1
#212| v% [2012.12(0.72|12.8|88.9| 16.6 | 56. 1 30 |28.4] 253 |0.0669| 15.7 | 360 | 20.7 | 320 | 46.2 | —63 | —11
£302| Y% [2013.02(0.72(12.9(90.7| 16.7 | 57 30.3 [28.7| 250 |0.0704| 15.8 | 362 | 14.4 | 316 | 46.4 | —60 | —11

£304| Y% [2013.04 0.7 [13.9(82.1| 17 60.1 | 31.1(30.8| 252 ]0.0734| 15.8 362 21.7 323 46.9 | —62 | —11 8
#305| v% [2013.05(0.82(16.6(93.4| 17.2 | 64.9 | 30.5 | 34 246 0.102 | 10.8 | 381 | 26.9 | 16.8 | 4.52 | —62 |—10.9| 8
B208| A [2012.08|0.86|17.6] 109 | 19.4 | 78.4 | 40.8 [42.8| 291 0.094 | 12.2 | 454 | 5.85 | 340 47 —63 | —8.6|6.4
B209 | A |2012.09(0.89(17.5| 115 | 19.6 | 80.2 | 45.6 |42.8] 299 0.092 | 17.1 472 13.4 330 45 —61 | —9.1]6.3
B210| A |2012.10(0.88(16.9| 107 | 18.5 | 81.3 | 45.5 |43. 4| 287 0.11 17 458 | 11.7 | 360 50 —62 | —8.5|5.6
B212| A [2012.12|0.83|18.8| 101 | 18.2 | 74.8 | 40.7 [39.9| 269 |0.0935| 16 429 | 20.5 | 338 | 53.2 | —61 | —11

B302| A [2013.020.91|18.1| 104 | 19.2 | 76.9 | 41.4 |41.1| 271 |0.0979| 15.9 | 437 | 19.4 | 333 | 52.8 | —59 | —11

B304 | A ]2013.04]0.89| 18 | 107 | 18.6 | 76.3 | 40.8 |40.6| 267 ]0.0954]| 8.29 436 27.6 | 14.4 1 6.07 | —60 | —11 | 7.6
B305| A [2013.05(|1.02| 18 | 108 | 18.6 | 76.5 | 40.9 [41.4| 266 0.102 | 12.6 | 438 33 27.8 | 7.93 | —63 |—10.9/6.9
H208| 4 |2012.08|1.16|29.8| 124 | 22.1 | 105 | 55.7 [62.9| 321 0.11 | 17.2 | 562 | 12.5 | 320 53 —51 | —8.6|6.1
H209| 4 |2012.09|1.15/30.9| 132 | 23.1| 108 | 58.3 |64.2| 326 0.13 | 19.2 | 581 | 7.94 | 360 57 —53 | —8.9]6.2
H210| 4 |2012.10(1.09|29.4| 126 | 21.9 | 110 | 60.4 |65.7| 318 0.12 | 18.8 574 13.4 360 57 —62 |—10.4]|5.9
H212| & [2012.12]1.05| 21 [88.1] 19.1 | 76.8 | 40.5 |43.1| 243 [0.0927| 16.3 | 411 | 20.9 | 336 | 55.4 | —60 |—10.9
H302| <& |2013.02(1.01| 27 | 121 | 21.5 | 97.9 | 53.9 |57.7| 300 0.114 | 17.2 | 530 | 27.2 | 340 | 64.3 | —60 |—10.9
H304| <& [2013.04 |1.01(26.2| 126 | 21.3 | 96.4 | 53.4 |56.3| 294 0.11 18.7 528 26.9 370 66.8 | —60 |—10.9|8.1
H305| <& |2013.05] 1 |26.3|126|21.2|97.8|53.8 |57.5| 288 0.129 | 12.3 | 528 | 32.2 | 19.6 | 7.7 | —63 |—10.8|6.5
W208| M |2012.08|0.86(14.1| 100 | 18.2 | 61.4 | 33.4 |31.2| 282 0.071 | 17.9 | 401 | 10.9 | 320 41 —63 |—11.1) 7.1
W209| B |2012.09|0.83|13.5] 97 | 17.4 | 61.1 | 33.3 [31.1| 266 0.073 | 17.3 | 387 | 9.61 | 310 39 —63 | —9 |7.1
w210 B [2012.10(0.81| 13 |94.3] 17.2 | 60.5 33 |30.9] 258 0.069 | 17.7 379 13.8 300 40 —62 | —8.5| 7.1
Ww212| [J [2012.12|0.71|13.6/87.5| 16.8 | 58 | 31.6 [29.5| 257 |0.0707| 16.3 | 366 | 18.8 | 315 48 —61 | —11
W302| [] |2013.02(0.74(13.7|95.1| 17.1 | 58.9 | 31.6 |30.1| 254 0.071 | 15.7 | 374 | 22.1 | 317 | 48.4 | —62 | —11
W304| [J |2013.04(0.76(16.2]97.5| 17.3 | 65.8 | 34.1 |34.5| 255 |0.0857| 9.95 | 394 | 25.3 | 20.6 | 7.12 | —62 | —11 7.8
W305| [J [2013.05(1.01]26.8] 95 | 18.1 | 84.2 | 29.6 [48.1| 245 0.169 | 10.7 | 425 | 22.8 | 22.2 | 6.72 | —63 |—10.8|8.3
7208 | @ |2012.08|0.97(13.6|84.7|17.7 | 58.6 28 |29.7] 243 0.074 | 9.28 355 5. 01 330 40 —52 1 —9.5]6.9
7209 | @ [2012.090.94(13.3| 96 | 17.5 | 59.1 | 31.1(29.8| 269 0.067 | 16.4 | 382 13 300 37 —63 | —9.1|6.7
7210 | @ |2012.10{0.96(12.9|91.1| 16.6 | 59.6 | 30.9 |30.1| 267 0.067 | 14.8 376 11.7 290 37 —64 —9 7
7212 | O |2012.12{0.85[13.6|79.8| 16.7 | 56 28.5 [28.4| 228 |0.0662| 16.3 | 338 | 14.2 | 305 47 —61 | —11

723021 O [2013.020.85[13.1|92.6] 16.4 | 57.9|29.9 |29.6| 255 |0.0692| 15.5 | 368 | 18.4 | 307 | 43.8 | —60 | —11

73041 O [2013.04|0.97(15.1|87.7]16.7 | 62.1 | 29.4 |32.3| 245 |0.0786| 11.1 | 367 | 22.4 | 23.3 | 7.5 | —61 | —11 [9.9
7305 | O |2013.05(1.16{19.5|90.6| 17.4 | 68.7 | 27.8 | 37 242 0.127 11 383 25.5 | 34.2 1 6.04 | —63 |—10.9/8.2
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Fig. 3 Relatlonshlp of Br/Cl and Cl in Jinan spring area
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2y 1.4, TR R K R K OB R SO, #i Cl
(mmeq/L) B HAEA A 0. 11, 7 H SO, #1 Cl 23
HARRFRZRW] Bk =IRG8 SO, F1 CLR AR
1 HL = 2HA ity 32 7K 30 0 7K 3028 Bl g A G R Ik B ok
PEBA Y A1 .

Bl 4b FWI T SO 6" S Iy & Hrh 0 S HL
B3R SO S 7 Bt . KA Y 671 S
EARE T SO ST AFRIEIR G E. Hlani
PEAUR B R 1 K SO . H 6 Sk 20% ~
21 %0 5y A AR TR £6 h A1 B B T i SO 0™ S H 2
H 2590~ 30%0 » A M S TE 38 J5 R B8 OB By . B
S ¥ SO Y 67 S (B H 3 0% B = fifH
(Chen Wenjun et al., 1981; Caetano Bicalho et
al. ,2012; Ettayfi et al. , 2012; Samborska et al. ,
2013) . b BRI IXOKFERY 0°' S I {ELAH 24 = Fh
HAEAY SO, ¥ BEFN 67 S E Y MMALF- 1. b3k 4 #r
FMWT TR Tl A i LT O 26 R R LU &2
B 7KRb 25 1 R 7K G 0% SHE L IZC 20% 640 . Bl
A FHBERYIT fh s Tl A 16 B W 384 1L 3 R UK Y
&' S {H Byt b HE 8 /N (Caetano Bicalho et al. ,2012;
Ettayfi et al. ., 2012),

HRAE SO F CLAYSC R 43 i =4k, £ 4
AKIARE K 8°'S iy AME KLY 6%0 A A7+ 5 = 4 FE i
&S REYY R TUho/id W AP 2 XAFTE 19 22 53¢ T
HEAMG AKX = 41K 0°' S ¥4 8%, Hrp 25 — 41
G Z2HoK 2013 4 5 A MESAFTE B 3. MR35 3K
] Ib 5 2 o3 A AR 5 A A A A L AEL R A
YERFGE  BRBRJE I 871 S {H R BEAE 5. 240 ~5. 3%,

LIS
AR o
3.3 HBRBETHMBETESN

3.3.1 FBERBTY

MK AR I 28 ST I MURE AR B AL AR A K
CO, MIEWIRIR . X8k iR H.COs /EF N A I8 i1 ik
AR AR AT AR S e 4 A OR W AK Z ]
AT AP — A4~ 3l 2 R 3K - S W A 25— KA BR R )
+ %R B T (Marques et al. , 2013; Moral et al. ,
2008 ; Bruce, 1979) .

RERR ER W v] LT 3k 0 kIR AR ) — i U8
TR ORI BR TSR A LS H AR
I b 1 W T LA B S1O, U S5 ok I — AN B
(KA 20 53 o T AN BEME — b 25 X0 1 —Fh & 1199
M H A AW W2 B9 0 IR A % 4 i (Moral et
al. » 2008; Marques et al. , 2013),

48 H, SiO;-Cl 3¢ R E (& 5a) . 78 F 7K W R %
SR H,SIOfH 2 17mg/L UL b i ARG K DL S A
SRR F) 2013 45 5 HRRER 12mg/L A4, )
RORAEF KW R R ik 8] 17me/ L 7247 Al 7K 3] 2013
4 AR 18me/L Aify. TLJe 5 53 I 3
AKIARE S AE 16mg/L DU B, i A K G TR 10
~11mg/L, & Bk IR F K B e sh kL 4k T 16 ~
9mg/L Z[A], Ak 2013 4F 4.5 AR ETE 11mg/L
fedi. MAEKH 2013 48 5 MRS ORE . RIE R I
12mg/L i, JoAb Ry 11mg/L Zifq .

XA KA B 0 25 7] 77 56 78 A 2 3t 3 ok
FEXT L (& 5b) o J5 5 FLHORE 9 4 (A1~ A9) 6 1

=Y AR SO, e T EOR IR T 4



WwoE ¥ A
1656 http://www. geojournals. cn/dzxb/ch/index. aspx 2017 4E
100
4 O
20
(2) H209 E10
& H304 $H210 °E5 F A
> F6A F7 F9

#209 t@i‘fﬁ E2°E6o E4 % A Al

#210 —% w209 B9 OH302 ¢ H208 oF’& gF3 8 A'3r.
~ w“zb’:zzog O:Zzll: ~ 5
d 16 :32312%’%;2032““1%13301 %D Ar4 A% A4 A7

#212—
E‘) e g 10 El ®e 0y ,&'AZ
S % N
72} G F9
T e

A B30s
12 A B208 O H305
2304 O m#30(5) 2305 O waos
O waos
@ zo08
) AB304 )
20 30 40 50 60 70 10 100 1000 10000 10001
Cl(mg/L) Cl'(mg/L)
Bl 5 R e T SR R T X () R 6 P b K Je 11 (b) (3 Yang Qiaofeng et al. ,2016) H, SiO, f Cl & 7% & ]

Fig. 5

Relationship of H,SiO; and Cl in Jinan spring area (a) and Longkou

and northwest of Shouguang (b) (after Yang Qiaofeng et al. , 2014)
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L X RD 45 1Y BEAKAE . AN 8 T
H R A7 3R A e AR RO

T3A KM S PERE S 3 A AE D B IE 5 A
D A R P AR GE D A . S0 IE ) 3
R AR T K 7R AR 5 H, S H, Fex
DA B W R S i AT S T e A R R LA
KK oD i+ /8 167K Flx 26 b & W) Z [|) & A
408

At A A TR o B 2 1 R AR A A 23 A A
D SRE b AR R (D B . A ) TR
A PR O, — R AR T KA A A EAE R
H—FRES CO, MKIE 3 # (Horita, 2005),

AHL TR 7K Bl A BE R AR KRR 43 A AR
AR IR AR T KR B A [ 2B R KR

S T D K R

YR, A7 ST (1 7K i B A2 1 A7 AR IR 2 1 AR [
Sy o AR AR KO 1) — B R K AR A
FE7E W 5 X 3 (Wang Ruijiu,1985; Williams et al. ,
2005;Horita, 2005; Yin Xiulan et al. , 2010),

5 i

H A B3 SR X 7K 0] 5 A6 7K 8 Na-CLLNO, -
CLAI Br/Cl 5 Cl & R 4307 56 5B IX K SCHb i
SRR L I I B AR Al SR A A DX ) (I
8 IRAKGHRME R KA EHE . B9 BRTHE
REZRER KA SHEMATIBZH bR, 1M
e IR 2 BRI A 53 5 MR AR KA FHR A R 1Y
Bz fi by 1 56 DU R UUARZ B S A0 T b 3R

st SO, F1 CLLSO, #1 6™ S By K R0 Hr, =4



o BT

%
1658 http://www. geojournals. cn/dzxb/ch/index. aspx

2017 4

}M." W (m)

-7504 LS

Quaternary

B ramy

Lower Ordovician series

B e s 4 70

Middle~Lower Ordovician series

FRER 4 [ e o 2 7] win
@ Lower Cambrian series magmatic rock of Yanshan period faul:

Pl 8 R A T SR A IR A DX A O R 1R ©
Fig. 8 Geological profile of Heihu Spring in Jinan spring area (after Shandong Institute

of Geological Engineering Investigation®)

S AN X

| mEEwex | og—ex | N
{ \
T #
1 oy
1l IR
E!
E
I

B9 U A A S S DX 2 2 O R ) T ©
Fig. 9 Geological profile of Botu Spring in Jinan spring area (after No. 801 Hydrogeological and Engineering

Geological Team of Shandong Province Bureau of Geology and Mineral Resources® )

K SO MR FEORIE T 40y A K. Bl 10 2
JRUF R RBEIX 1983~1984 4E il 2012~2013 4E SO,
Frm X E L P 28 AR 1983 ~1984 4F SO, i H
23.37mg/L, i 2012 ~2013 4E £, 2 ik 5| 78. 26mg/
L, oAt 4 5% 2R T AR RF 2 SO, 7 ik 23

I
120
84.2

o T
0 68.7

g

S

[72]

19.21 21.13
B R AR Bk 1 g i AR

m 1983~19844F m 2012~2013 4R Z R4 M A fe K AE MR /ME, bR i K AED

10 B o I SR R A XA () ) 8] B SO, 75 X L
Fig. 10 Comparison of SO, in different

period in Jinan Spring area
:k N
6 én 1/6

Wad R S EFIT . AT LS PR 458
(1) 38 £ SR A X 32 7K B9 5 4k K B Na-ClL fil NO, -

CLRARH 454 Br/ClL 5 CLAY K& 32 7 SR B
DX H 9 A R K AT DA i = A 5 — AL LA SRR RN
REHE ALY AR BB =2 DA e 8 R
Bk R 53 St FE,

() M4 SO,-CL il SO,-6™'S 237 s REEX L T
TKH S FEERUETRAME . 1M HA AT i g

(3) A4l Rk R b 7 ) R B JC 38 0 BT RT3
SRBEIX B ANAAETE 25 57 76 F K W R /KO R & #b
25 AR R B M A T K T A 25 RN AR TR AR A
Bt K P 1) B2 0 25 o T AE A K S R K BB R R s
WK HAH AN A

(D HEEFNLZE oD il 6O 43 M 42 H F ok
S SR DR 40 b T K R RIS 3R A L R R N,
VR T 1m0 L DX &R 455 T AR K 9 3R K R O
AN R AR R SR AR CO, 58
T B o I 45 R U5 R T A 4 DX K

05 S 4

O WLAA MY TR 1998. ¥Rk REMIR.
O AR B ) R /N O— /K SCHL BT TR HIBURBA. 1988, 1R
5 R TR SR AR K SOl BRI R A A



LI

Fe 75 22 45« D R A I AR IOR A DXOK A 2 5 BRI ] 67 3R WF 1659

© P b T PR M BE. 2014, 3N TR W T SO K AR 1 5
R

References

Alcala F J, custodio E. 2008. Using the Cl/Br ratio as a tracer to
identify the origin of salinity in aquifers in Spain and Portugal.
Journal of Hydrology, 359: 189~207.

Bruce B H, William B. 1979. Major geochemical processes in the
evolution of carbonate—aquifer systems. Journal of Hydrology,
43, 287~312.

Caetano Bicalho C, Batiot-Guihle C, Seidel J L, Van Exter S,
Jourde H. 2012. Geochemical evidence of water source
characterization and hydrodynamic responses in a karst aquifer,
Journal of Hydrology, 450~451. 206~218.

Cai Wutian, et al. 2013. Research on Connections between Jinan
Karst Waters. Beijing: Geological Publishing House (in Chinese
with English abstract).

Chen Wenjun, Huang Xiangiang, Song Huaize, Dong Bingwei.
1981. Karst ground water in South China. Acta Geologica
Sinica, (2): 149~160 (in Chinese with English abstract).

Chen Zhenpeng. 1985. The study of water supply in Jinan under the
preservation of springs. Carsologica Sinica, 3(1~2). 22~ 30
(in Chinese with English abstract).

Dakin R A, Farvolden R N, Cherry J A, Fritz P. 1983. Origin of
dissolved solids in groundwaters of Mayne Island, British
Columbia. Canada. J. Hydrol. , 63: 233~270.

Dang Mingde, Wang Xiaojun, Lu Min. 2003. Research on recharge
path and spring-protection in Jinan. Shandong Economic
Strategy Research, 4. 35 ~ 40 (in Chinese without English
abstract).

Davis S N, Whittemore D O, Fabryka-Martin J. 1998. Uses of
chloride/bromide rations in studies of natural waters. Ground
Water, Vol. 36: 338~350.

Edmunds W M, Ma Jinzhu, Aeschbach-Hertig W, Kipfer R,
Darbyshire D P F. 2006. Groundwater recharge history and
hydrogeochemical evolution in the Minqin Basin, North West
China. Applied Geochemistry, 21 2148~2170.

Edmunds W M. 1996. Bromine geochemistry of british
groundwaters. Mineralogical Magazine, 60; 275~284.

Edmunds W M. 2005. Contribution of isotopic and nuclear tracers to
study of groundwaters. In: Aggarwal P K, Gat J R, Froehlich
K F O, eds. Isotopes in the Water Cycle: Past, Present and
Future of a Developing Science. Netherland: TEA, 171~192.

Ettayfi N, Bouchaou L, Michelot J L, Tagma T, Warner N,
Boutaleb S, Massault M, Lgourna Z, Vengosh A. 2012.
Geochemical and isotopic ( oxygen, hydrogen, carbon,
strontium) constraints for the origin, salinity, and residence
time of groundwater from a carbonate aquifer in the Western
Anti-Atlas Mountains, Morocco. Journal of Hydrology, 438 ~
439, 97~111.

Fontes ] C. 1981. Palaeowaters in Groundwater hydrology. In:

Frita P, Fontes J C, eds. Handbook of Environmental Isotope

Chemistry, Vd. 1. The Terrestrial Environmental. A.
Amsterdam, The Netherlands: Elsevier, 273~287.

Gao Diangi. 1988. Current state of the hydrogeological environment
and spring-protection in Jinan city. Geology of Shandong, 4(2) .
90~98 (in Chinese with English abstract).

Herczeg A L, Edmunds W M. 1999. Inorganic ions as tracers. In:
Cook P G, Herczeg A L, eds. Environmental Tracers in
Subsurface Hydrology. Boston: Kluwer, 31~77.

Horita J. 2005. Saline water. In:; Aggarwal P K, Gat ] R,
Froehlich K F O, eds. Isotopes in the Water Cycle: Past,
Present and Future of a Developing Science. Netherland: IEA,
271~287.

Huang Qibo. 2013. Hydrochemistry characteristics and its effects
factors of different types of groundwater in Fenyang area. Acta
Geologica Sinica, 87 (z1): 248 ~ 250 (in Chinese without
English abstract).

Li Tiexi, Li Lan, Liu Yejun. 2003. Systematic analysis of
characteristics and effected elements of spring in Jinan city.
Shandong Land and Resources, 19(3): 48~51 (in Chinese with
English abstract).

Marques ] M,Graca H, Eggenkamp H G M, Neves O, Carreira P
M., Matias M ], Mayer B, Nunes D, Trancoso V N. 2013,
Isotopic and hydrochemical data as indicators of recharge areas,
flow paths and water-rock interaction in the Caldas da Rainha-
Quinta das Janelas thermomineral carbonate rock aquifer
(Central Portugal). Journal of Hydrology, 476 302~313.

Matthess G. 1982. The properties of groundwater. New Jersey:
John Wiley and Sons, 255.

Melchiorre E, Dale Deborah, Mills James Jr, Chapman Brandon.
2005. Geochemical and stable isotope evidence for precipitation
and groundwater sourcing of recharge at the Green Valley Site,
Vigo County, Indiana. Mine Water and the Environment
(2005), 24. 88~100.

Mohammed N, Celle-Jeanton H, Huneau F, Le Coustumer P,
Lavastre V, Bertrand G, Charrier G, Clauzet M L. 2014,
Isotopic and geochemical identification of main groundwater
supply sources to an alluvial aquifer, the Allier River valley
(France). Journal of Hydrology, 508: 181~196.

Moral F, Cruz-Sanjulian J J, Olias M. 2008. Geochemical evolution
of groundwater in the carbonate aquifers of Sierra de Segura
(Betic Cordillera, southern Spain). Journal of Hydrology, 360:
281~296.

Salama R B, Otto C J, Fitzpatrick R W. 1999. Contributions of
groundwater conditions to soil and water salinization.
Hydrogeology Journal, 7. 46~64.

Samborska K. Halas S, Bottrell S H. 2013. Sources and impact of
sulphate on groundwaters of Triassic carbonate aquifers, Upper
Silesia, Poland. Journal of Hydrology, 486: 136~150.

Shang Guangyu. 1992. Research on water supply in Jinan under the
preservation of springs. Hydrology, (S1):10~14 (in Chinese
without English abstract).

Song Suhong, Shang Guangyu, Zhou Xihai. 2005. Probe into



oo ¥ Rk A
1660 http://www. geojournals. cn/dzxb/ch/index. aspx 2017 &

ancient geographical history and trace to spring source in Jinan.
Groundwater, 27 (2); 78 ~ 80 (in Chinese with English
abstract).

Wang Ruijiu. 1985. Isotope hydrogeology of the west mountain,
Taiyuan. Acta Geologica Sinica, 4: 345~355 (in Chinese with
English abstract).

Williams M W, Yang Daqing, Liu Fengjing, Turk John, Melack
John M. 2005. Controls on the major ion chemistry of the
Urumgqi River, Tian Shan, People’s Republic of China, Journal
of Hydrology, 172 209~229.

Xing Liting, Lu Min, Hu Lanying. 2006. Present situation and
protection strategies for environmental problems of karst
groundwater, in Jinan spring region. Journal of Jinan University
(Sci. & Tech.), 20(4): 346 ~349 (in Chinese with English
abstract).

Yang Qiaofeng, Wang Ruijiu, Xu Suning, Li Wenpeng, Wang
Zhiyi, Mei Junjun, Ding Zhilei, Yang Peijie. 2016.
Hydrogeochemistry and stable isotopes of groundwater from
Shouguang, Laizhou and Longkou in the South coast aquifer of
Laizhou Bay. Acta Geologica Sinica, 90 (4). 801 ~ 817 (in
Chinese with English abstract).

Yin Xiulan, Li Wenpeng, Wang Juntao, Zhu Jin, Jiang Yue, Huo
Chuanying, Li Ning, Xu Zicheng. 2010. Hydro- chemical and
Isotopic Research in Chaiwopu Basin, Urumgqi River
Catchment. Acta Geologica Sinica, 84 (3): 439 ~ 448 (in
Chinese with English abstract).

Zhou Yangxiao, Li Wenpeng. 2011. Groundwater monitoring,
information systems, modelling and sustainable development.

Science Press: 18~32 (in Chinese with English abstract).

2 % x #

S LAE. 2013, WEMEEIEK RGEK BRI, dbut: HE H
JR At

BRSCH . # ok, RN, #ANLE. 1981, P EB T EHE T K. #
FeEdR . (2): 149~160.

BRI, 1985, Urmif R BRI, HEAEE.3(1~2): 22~30.

B W, E R BB 2003, X6 U R S K 1 Ol U It A R L R SR ) Rt
MITETE. IR & MG F ST . 42 35~40.

BB, 1988, UF R BRI K SCH BT IR AR R SR R L AR M T 4
(2): 90~98.

WA, 2013, Y BH b X A ] 26 80 T K K Ak 25 R AR K5 i IR
iR 254 . 87(21) : 248~250.

2R, 2R XL . 2003, F R SR K R AE B i PR 3R e 4 AT
7R E LB, 19(3) : 48~51.

BT 19920 B RAEKBETE. K3C,S1: 10~14.

KAL) 5, AT, 2005, 380 iy #5090 g SR R, ROk,
27(2); 78~80.

EH AL 1985, K JE VG 1L A [ A7 3 K STHL BT M BT R 40 345
~355.

TRz % Bl AL #1223, 2006, B [ IR A VK 3R B8 BUIR 5 PR3
. VT MR IR CASRBIARRD 2 20(4) : 346~349.

ISR, EHiA . BET, BEXM, EE—. WEE, TEHEE. ik
7%, 2016, SEJNVEHY R A0 RN A e O 3 K A9 RS E 4 &
S BRI, b BTAEAR . 90(4): 801~817.

BRT5 2%, 25 S0, BBk R EEAE. 2010, 7 9 S8 55 4R 45 M b T K L 2%
B E AL RBEG. B2 . 84(3):439~448.

JEAMAL, ZESC Mg 4. 2011, H T /K WA B AR G B R % ] R ST
K. Abnt BRE AL 18~32.

Hydro-Chemical and Isotopic Study of the Karst Spring Catchment in Jinan

YIN Xiulan” , WANG Qingbing” , FENG Wei"
1) China Institute of Geo-Environmental Monitoring , Beijing, 100081;
2) Shandong Station of Geo-Environmental Monitoring , Jinan, 250014

Abstract

Groundwater is an essential source of water for socio-economical development and ecosystem
maintenance in karst spring catchment in Jinan. The paper analyzed hydro-chemistry and isotopic features
for the samples from discharge area in the karst spring catchment using tracers such as ions (Cl, NO,,
Mg, Ca, HCO; and SO, ), trace elements (Br, Ba and Sr) and sulfur isotope (** S), coupled with
hydrological and geological background of this area. Hydro-chemical and isotopic analysis reveals different
sources of recharge and flow paths during drought and raining periods. There are three series of springs in
the catchment. Flow path of Heihu Spring is to discharge directly from the Ordovician limestone, Baotu
Spring flow out from the Ordovician limestone and Quaternary sediments, and Wulong Springs, Pearl
Spring and # 53 well flow through the weak of quaternary sediments and contact zone between limestone
and intrusive rock. Groundwater in the spring catchment is recharged from the mixed water of the
Ordovician karst water and silicate rock fissure water during raining period, but it is recharged mainly from
the Ordovician karst water during dry season. Sulfur of groundwater in this area mainly comes from

burning coal, and shows a rising trend.

Key words: hydro-chemistry; 6D & §"O isotopic; groundwater; spring; recharge



