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ABSTRACT

As the largest karst spring in northern China, Niangziguan spring provides the most part
of water supply for local habitants with an annual average discharge of 9.4m"/s (1956 —
2005). The groundwater table has been declining due to aridity and over — exploitation of
karst water since 1970s. The Chengjia spring and Shigiao spring has disappeared; the Shuili-
andong spring has become a seasonal spring and the total flow of the springs in the discharge
area decreases too for the same reason. The highest annual flow of Niangziguan spring was
14. 3m*/s(1964)and the smallest 5. 8m®/s(2006) with a ratio about 3 : 1. The mean square
error of the flow is 2. 43m*/s over the past 51 years(1956 —2007),occupying 22. 5% of the
annual average flow. The periodical change of annual spring flow of the past 51 years is ob-
served with the visible wave peaks and troughs though the time slot is different. At the same
time, the spring flow of every month shows the similar phenomenon according to the monthly
discharge monitoring data. Most of the instability coefficients of the annual spring flow ran-
ges between 0. 7~0. 9 except for 1985(0. 42m’/s)and 1995(0. 59m’/s). This indicates the
recharge sources of the Niangziguan spring are abundant and the groundwater flowpath is
steady. The flow fluctuation of the Weizeguan spring is intensive among the spring group.
The flow data distributed at the two sides of the line of annual flow which can be took as the
result of many short term recharges. However,the recharge distance of the Chengxi and Wu-
long spring is long deduced from the weak fluctuation of spring flow. The difference in
spring flow fluctuation reflects the difference in the flowpath and recharge sources of the
springs. It is deduced that the Weizeguan spring is recharged by the groundwater from a sin-
gle aquifer in the local flow system according to the annual and month flow data. The spring
flow is few disturbed by human being activity. The flow curve of the Chengxi spring is
steady composed of one wave peak(Feb. — Mar. ),one trough(July — August)and one steady
term(Sep. —Jan. of the next year). Therefore,it is deduced that the Chengxi spring is re-
charged by the groundwater far from the discharge area in the regional flow system.

A gradual decrease of karst groundwater table was observed over the past thirty years.
The groundwater table decreased from 404.33m (1981) to 391. 45m (2006) in recharge area
(Huili deep well) with a total decrease of 12. 88m and average 0. 513m per year. At the same
time,the groundwater table decreased 13. 86m in the past 27 years in the flow — conflux area
(Shangdongzhai deep well).

The rapid fluctuation of groundwater table between months indicates the single recharge
source in Huili deep well where the groundwater is mainly recharged by precipitation, with a
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delayed response. The groundwater of Shangdongzhai deep well is recharged mainly by the
upper reach karst water. Therefore,the fluctuation of groundwater table is weak except for
the time period Sep. — Nov.. The gradually enhanced wave peak makes us believe that the
groundwater from the local system begins to play more and more important role with the de-
crease of groundwater table in the conflux area.

The groundwater quality remains essentially constant in 1980s, and fluctuates since
1990s with an obvious elevation of main ion concentrations in groundwater. The highest ele-
vation of sulfate and calcium content was found in Chengxi spring which is about two times
higher than that of 1980s. Slight elevation of calcium,magnesium and chloride content was
also found in all the springs. The fluctuation of main ion concentration was appeared since
the year of 1950 compared with that of 1980s. This let us believe that the water quality of
karst water is essentially impacted by the climate change and human being activities.

The lowest groundwater table was found in the areas of Pingding — Yangquan and Niang-
ziguan. To sum up,the groundwater moves into the central (Pingding — Yangquan) and east
areas(Niangziguan) from west,south and north areas of the basin. The hydraulic gradient of
the groundwater ranges 7. 6%,~9%; in the south and north recharge — flow areas,0. 3%,~1%
in the flow - conflux area and 3. 5% in the discharge area. Regional groundwater finally dis-
charges as a group of springs. However,a triangle — shaped cone of depression was formed
due to over exploitation of groundwater,and the natural flow field was changed. The eleva-
tion of groundwater is only 350m in the cone of depression located at Pingding — Yangquan
area which has communicated the O, f and O,s aquifers. It meant that the fracture water
form the west area and karst water from the O, f and O,s aquifers need to recharge the de-
pression area first and then the spring group. In fact,the karst groundwater located in the
east of the depression area may return back the depression area. It was proved by the evi-
dences of field investigation and the monitoring data of groundwater table that an “artificial”
groundwater watershed was appeared between Xiabaiquan — Longzhuang east of the Yan-
gquan City. Though it is difficult to find the groundwater watershed in the north side of
Xiabaiquan and south of Longzhuang,but the recharge of fracture water and karst water into
the depression area is evident. So the karst water system can be divided into two sub — sys-
tems:the depression area subsystem in the west and karst spring subsystem in the east,ac-
cording to the discharge characteristics of groundwater in the study area. The deep karst wa-
ter from the west part of the study area may transport into the karst spring subsystem except
for the depression area subsystem where the groundwaters are recharged by different aquifers
in the study area.

The flow field of the formerly flow - conflux area was studied by the comparing of
hydrochemistry of karst groundwaters along the Taohe River and Wenhe River. Significant
difference was identified in these karst groundwaters which make it possible that the karst
groundwater move into the flow - conflux area along two flowpath. It is because of the exist-

ing of Moyu Mountain which may be a seasonal groundwater watershed except for a surface



water watershed.

The movement of groundwater in different aquifers, fracture aquifer of Carboniferous
and Permian,aquifer of the lower Ordovician and upper Ordovician, was further proved using
hydrochemistry and environmental isotope method. Most of the karst water storied in the
upper Ordovician aquifer and the regional recharge of lower Ordovician aquifer occurs too.
The recharge of karst water for Wulong and Weizeguan main come from the lower Ordovician
aquifer and few from the Cambrian aquifer. The Shuiliandong spring may mainly receive the
karst water which we named it as “preferential flow” from the Xiamajiagou formation. The
recharge water of Chengxi spring and Podi spring mainly come from the upper reach karst
water along the two flowpath in the flow — conflux area. Besides,the lower ion content in the
two springs indicate the recharge water partly from the local flow system located in the south
and north bare karst areas. Finally.the groundwater system can be divided into six hydrody-
namic areas,south and north recharge — flow region.west retardance region, central depres-
sion region,east flow — conflux region and discharge region,in the study area. Among them,
the central depression region was confined as the area of the cone of depression with the
groundwater watershed near the Xiabaiquan — Longzhuang as the east boundary.

From recharge area to discharge area,the hydrochemical type of the karst water chan-
ging from HCO, - SO, or HCO, type water into SO, ,S0O, - HCO, or SO, - HCO, - CI type
water was controlled by water — rock interaction with leakage of coal mining waste water and
surface water. The elevation of main ion content was also observed during this course. In the
discharge area with a group of karst springs outcropping . mixing of groundwater from region-
al flow system and local flow system took place to form portable HCO, - SO, or SO, - HCO,
type karst spring water.

During the transport of groundwater,over — saturation with respect to calcite and dolo-
mite resulted in precipitation and recrystallization. The dissolution of gypsum prevails except
for areas where the groundwater was affected by coal mining and gypsum precipitation may
oceur.

In the karst aquifer,groundwater quality was first controlled by calcite(dolomite) disso-
lution and then by gypsum dissolution once calcite ( dolomite) dissolution was restrained.
Gypsum in groundwater may precipitate and the carbonate dissolution capacity of groundwa-
ter was enhanced with leakage of coal mine drainage. Iron hydroxides in the groundwater
were precipitated with the evolution of water — rock interaction and heavy metals in the

groundwater were removed via co — precipitation with and adsorption by iron hydroxides.
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BIAR ., REEL K SCH R RSN T KRS E LR T KRAERURGERFH
W A5 A0 7 B 5 5 7K SCHl R 22 BRI Ot T K BIE N — 1~ b FHEENR X R L RTH R R
Zeth 1 R G, 7825 6] 40 A b EL PO 4E M R A B B AS W7 B BR AR 0 A DLAK (BRA A8, 1984 ; BRAF
A8 & DRI, 2002) , EARRTLUEY N . O F K R G2 B T4 B — & 1 s H i A R
A HHEHOARSENTERERKTERSETHARN:; Qb T KRG SHEK HERKRGAF
EEVHA EHEL BT KEAGEHEERARE L ZHWASREREZNERN: OB T
KEGHAAEANFHESEHZERE QT KERE KXRGEFMHERSG) K &8 K
I Z5G%E QFKEZRE S FKRGEAREMDAE MBS, & BARBELR . MEHED
WA B AR @ T K R G I 28 o A T AR LR BE 32 R AR R 4R 2 2 3R
BE 00 N1 sh i i T A ARk

Xf b T KRG B E 5 R 2 T K R iE F FAKSOE R R iR . HNAHR
B AE— JE JF ) A4 T A i 43 AT b T 7K AR G B S0 IR R AR AR C X S8 R HE 5 AR K SC U b
) KR FR G R GEAFAE N AR BUKYE 6 € R B IR o SF R0 T K RS
PEAT R 43 (SO, 1995) .

H T F KRG W EF R HMRIEAR A G — 4, S 3E N T KPR TEX T
KEGR RN, BT 2EEEMGEL S T KBIE, B E bR AR T 2004 4F48 3
THENE BRI T KRG R 400 (T KRG 50D (LT RE#FRCE . (F
W)Y DA 2 S0 b 550 BRL G L R R i LR SR — Ot R OK R L E BRI R AR AR A K R E ST
KEGR R 9K T KRG, Al 23 —RM F KRG M 55 > _HH T KES.
TR P OK ARG E S IR =R FER R K K R K A K A A T e B R LR . X
FRE/NX AR T KRG (RUDERE T =SMNEH FKREAERYHKE. =%
T 7K RGEAE R o (9 B mlh b 3 A TS K A O IR AR AE A A A T b BRRRAE , [ — M K &R
GEBAMIWEKBEERR, BAMNERAOH . HER. BEE —-NEBRmAkEs. 1
Db T KRG RIR) S N EE: AT IEE FRENRS . EA S — RS . k¥,
{8 43 B G 45 M T 7K BE U 64 B R A AR R L 5 T ST K S R E AR R e R 2SI
BT K AR GE )2 UM A AR, 4028 R i R K I 3 A0 X SR b R K 4 RO FR s R K
FRGE R R B BAT 4 (T 00D B St Ay T UK FR 48 B R R T 4 — 89 3 AR HE
XTR AW I T KRG R MR IE SR T 2 1.

(RN SEGEE T KRGER 3 AEARAKRE LRFFT RIFM—3M. 550 )R 5E0H
TR RGN 51 LA T K 35 R MR 5 4R A0 T K I A A 5 A X 8K SO R AR L 1
DI b T 7K A5 KA 2R L, ) B b T K I 1) B 3 55 4 4 L R 43 b R K & GE[ Ahlfeld & Mulli-
gan,2000; Alley et al. ,2002; Ayenew et al. ,2008;Carrillo — Rivera, 2004 ; [ & 45,1987 ; ( fit
7K 7K 3 5 25 ML ) (GB 50027—2001),2001 ; B 45 % ,2002; FAEH7,1995]. HFix—FEN
ML T 7K R Ge 43 X B 7E SE BRI A AR A5 3 T 72 B9 R A O R A U A 4 A R T A R
f b T /K & 48 4 #7 h (Robinson & Reay, 2002; Thomas, 2001 ; # 61 & %25, 2002 ; & T #] %,
2004) . B, FEBA RK 53 T 7K UL FL A X s, R K B9k 3h A B . Hok,
FEARTE S A TRAEA M LT, 0 T /K 35 7135t J2 7] 42 9 (Robinson & Reay,2002) . JtH
RESEP RPRIAREEXBRDAREEHESR E, FHERREET L. EERHRD



== i, = W PE IR F 35 R 55 A K i BR Ak R AL AT 5

FRI 40 F K FE3h B 45 B T A4 b S5 /K SC 3 B 0L 45 1 SR 4 38 7 B ed K R K s ST
o7 2 25 YR AR UE £ (14 7215 B

i&??KE’Mt%QH%%f&T/K'?%Pﬁ FI SR Hb B L b R Y B DA R A 20 B K S A ELAR Y
FEM L A H X R K K Ak S T SR R e T % e X R K B T s AR . DR R K A
B 43 T LA 55 Bh 3R 417 R0 90 X 48 K SC 5 7 s B A b T K B 2 DR 5 T L (Deutsch, 1997 5 31 FE B
4 1993), RIRSFMET HUF /K S & KA A B 2 Tk W B EEREZ —. H
T 7K RE A5 M s Rl VR P TR A5 B B R 60 20 B S BOR T8 KA 2 T R HOROR KA A LA
FH (0 7540 T2 BE L BRI 3R AR [R] 3t F 7K 2R 46 B b K o 5 b R B B 2 /b i % 22 A G T AR 3R 85
BUTRED , AR K SCH T RS 260 KA 2] GV (LT L S W KK R A B 25 2 £
HEAIE | T EL T DA SRR A 6 R K A7 B 0 BRI AR A SR B g T ) A
B (Hodges,2007 ; Mazor et al. ,1993;Posner et al. ,2005; Swarzenski et al. ,1999.2001; F /&
Hi%,1995.1996.,1997) . HRE M T /K #9 B F B AE K (7] AL R AFAE (A HL O S H. Sr 8 741
AR TEE W 0 HL(E ) T LUK R KR 2 8 AS R K Ak 2 R TS A i 2 H i B
K SCHb ST 2 A 2 T S5 o S AR % IR S ) 3 A o R K 4 R S LA RS TR SR TR K R & T
i — L T AE P 1) 457 28 2 A P 458 T LA S B0 Jd 3 ) R IX 3 1) 9 3 2R 46 ¥ &1 43 (Alan & Mark,
1995; Lloyd,1976 ; Mukherjee et al. ,2009; 3535 % & F4EH,2006) ., A LHF58 76 1E R 48 0F
5% X Al 2 /K Ak 2 R AE I o %t b F K R G0 09 R 43 A £, A 4 JR 3 v () B X B B &R S
(Carrillo — Rivera et al. ,1996 ; Paces et al. ,2002;Plume,1996)

FERFIE  E B K R G HLAE Dy DL A3 2 A R CREE) 7 0 3T K 1 2K 48 HE 1 5% Sk /9,
HA TR NG R HEM AR 2R L o A b R K B A S K A B 3 [ 4 R R b B A . O
F R R R R AL T R K R G fi 2 A HE T O X, 2 [R] 23 A i A K R IR A B
1D 0 4% G 7K S TR B 9 T BR SRS — BB S K RS A T HE SR — AR 2
Ao BB k.

HFAEBEH T KRG AT TBRER S X, fr UL T KK 4k 22 40 53 ot ELAF o, R B W b
K BRES 7 EELL Ca, Mg hy &, 17 75 W AH ik BR A6 5 b 2 h ) Sr & B 48w R FE A, 1997 ; £
4,2003), 5 Sr/Ca.Mg/Ca 2 8l B 4F () 2k P 5 & (Cicero & Lohmann,2001; Land et al. ,
2000) . R b 38 3 AR U K K A 27 B B KB A o3 B0 8 AT LA AR A K S TR [X 8 S B
HIWK RGBT ARG R 4 (Mihealsick et al. , 2004 ; 1 # I %, 20045 25 4R 7 %, 2006 ; 7F E 44
%,2004), TEEWAKRGER A XHRIMEFEBBRE T MM H.OM S H,
7 Sr/% S P C A B AR . O 28 ANTTEWTIT K B T4 8K R G 4h— 2 —HE X B % 4% 5
ﬁﬁﬁ&ﬁﬁgﬁ%ﬁ'}ﬁﬁha@ﬁlﬁ? —%% 8 (1 4> 75 1 (Fritzan & Fontes, 1980; Swarzenski
et al. ,2001; EAEHTF,1997) . SR X PR 43 J5 1 28O T PR 43 (BN RT3, B
HoAFBENER, S — ﬂ%%'t?ﬂm%o

1. 2.2 3T 7K Fh 49 5T SRR i

o 7K R GEAE SRy — AN ARG ST B BT L S A0 SR PR 1 ) R S 4 it B 2 TR A A B
AR . R AR D MR K B R 4 b 20 SR UL L AE 1) 3t K 2R S8 A 48 K BB R  t R T e
TARRGEBEZMNYFORIR . H i TR K b 20 5 v B — MR 3 A, BT LA H Xt R K &R 48 ok
B A BA Y v AR R . SRTTTAE R K A B S0 , F 5 AW 4 & 4 5 eV i i # o
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HA G & E BETRIFRAK AT BT AT KRG, EILH4EHK, AKTES R
Ak 3 B R Tl AR P ) 3R B M R AR T A I 0 R 2L AR A T T A M K B 4 R
WAL R T BRI, # 2 oK 53 K AR B T 0F K SCIBER i — 38 43, o 2 4 F K
AR 5 — R A, U R AR R OK R 2 S K E AR R X R 1 2 BEK B oK
T 2 A T KA e 7 T L 2 LR O LA A RO SRR . AR OR Ll T X B R KK
AL, TR T 5HB R MM T K RGEM R oK BB B R . 1R T K8 A=
8], 3 T K 5 & KR R0 Y A AR Ok AR BT E . — 75, R K R R P Al
GAAE K E AR TR o A A W RA | B i 0 3 45 0 B 2 A T A P RAE T KA R 55— T
T B 7K A R R B A e R SR D B S e S A FH T A M R K (Freeze &
Cherry,1979; E4H5F,2007) . X Fh b T /K5 & /KA BT 2 ] 6 90 SR 52 492 A7 46 T 3 F K
Rz . EEBEEXE, B TAEL T KREW LT IFEEFHCRES, AKkd 025
45 B Z MK —E - A Z B M R A e . T DL b K H ) 43 4 R R AT AABEAE O
A1 U A [ e T o R M 3R KB T L BIAL b 45 L R ORI (CO,) 3 TR IA IR A i (i 7K —5 41 B
Ve S PR 4r .

1.2.3 K-FHEHEERRERBRKLFE

K5 A EAE FH BRI 2 B I8 b F oK b k229 i T8 i 5 528 (IR 5815 B B Ih B 3 2 S Al B
o AR BT M BRI S B0, T LSRG 40 221 1 2R 5% 55 2K ORE (] 9 k22 VE F OC 2 DA TAT R R b BR P 35
RS KE

H #iXF F K5 A AR WFIT . 5 2 2 M b T /K O 28 2 20 A AR [R) o6 2 B9 7K SC b R
L2 FRAE JE AL b L 32 FH A0 38 20 A R AE K SCHEBR L 27 B 45 Fh B F A e G i S 6 T AL
FER VAR TAE . ©OK—F L 18 B CEEIR ) FIR (Garrels & Mackenzie, 1967) ; @ i Fl §5
BOTE 098 0 F 48 BOE A R38R EE L B 5 R pH B F #9254k (Glynn & Reardon, 1990; 2% ¥
55 ,2002) ; @ Hl K~ 4 B AE 0 £ 23 B M P14k ZBF5 (Binning & Celia, 2008) ; @K
R R & R B R IR 4 B LA Bk (RO 58 2Z (8] R RE & AR B9 & Rl VE R Clin B AL B IR L B
A5 ULVE I A 32 4% W 9% (Koshi Nishimura, 2009; F 48 & 8l 3. 2009) ; ® A [7 7 4k
ERFERIEK B IR A B 0T, 70 I SE Rl | 0 5T A [R) 2 A8 K A 2 B AF B T RV ) ek — 5 #H B
YE it #2 (Wang & Shpeyzer,1997;Gao et al. ,2007).,

YER K~ AR E A R IE 09 F B F Bz — /K U BR b A BB 7 & G B9 50 4E L4538 T K
FE R R 3 R K SCHb R 2 A BR A 2E B 2T Uk A A B K- A AR LR T 20 i
70 60 4EAR %, LL Garerels & Thompson % K 4K 7K 1k 2% 47 B0 R 5% (1962 45 &2 57 (4 ¥ 7K 35
T4 AR TG B (RO YA 45)— 5 59 HH iR (Garerels & Christ,1965) 45 i % b F 7K Hi
BRAC R AT ISR R A 7 . 20 42 70 SRR LART FERIRIG Y KR A XS Ah
FHR BB A R (Robie et al. ,1978), M 20 H#E42 60 4R A TF 4 #E A K2 16 F B HL
R AL S F ) i 2 b H AL LR A O I 1R % 1B AR S 45 1k 27 B F) 2% (A8 (Parkhurst et al. ,
1980,1982; Plummer et al. ,1991;Schecher & McAvoy,1991).

H T 7K SCHb BR A 2 A5 R X7 A DL R R A T 1) - O K BEB™ ) 1K 94 0 64 7 25 OHE o ) ik
PEAT FIA G (Tebes Stevens et al. ,1997) ;s @ 5| A X S 540 Xt & 2% (19 K —# 2 46 #6175 00 (9 3
BHLA AR . BR Al 2R R R el ES T FE R A R LA O T - O FH T A% B 22 B 0 B4
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B FZ [ #5481 5 AR ( Hendricks Franssen et al. ,2009; Plummer,1984; Vermeulen et al. ,2005) ;
@ Pl F R~ B G P AL 2 1k 19 IE T B4 5% R (Parkhurst, 1997 5 i %5, 2000 ; E A48T &
25 7k 8, 1998) s @fk 2 K N 5 % i B HE A 1Y 5 N M 8 T A2 B LB R (Tebes Stevens et
al. ,1998; Toride et al. ,1993; Morris et al. ,1990; Khadilkar et al. ,2005) ; @ 7K~ #H 5. /E H
F 45 v A B 0 A R R W i Ak 2 3h ) BB R (Ball & Nordstrom,1991; Mer-
kel et al. ,2005) , 3 i 7K~ EL A FH A 72 40 A7 1 7K SC i 3R Ak 2= A8 400 RT LA 5k 31 48 7R 3 F K 5
KA E 2 6 K RE B A W FR L DT S B0 X b T K b 4 R TR B K RE

1.2.4 KUEFE-BAMNEFZE

— M 3Fe U 24 4% i A SR YR 114 7K Ak 2 R R 5 [R5 3R R AE A7 E B 019 22 5 B, R T AR K
fh 2238 AR 3 B X Hb T K 2R 42 Hh W R R 6% HI5E .

KAE2E-FRBE RN R AR N F KR A SR 840 7 3 0 F Bt . JUH7E#b T KB B B H
AL b B TR RIS B . RN Z K SCH R fb 2 st 2@ S T s b T K KRR R
20 R A3 A VAR AR , I Az P s 2 R A e A 45 oK SCHb R ) 3. IR BE R R R KRR AE R
EANERHEAREWRAE BFERERERMEMAFEIERAME. FERERME
T R 43 A F0 AR 32 A2 98 BT BE 1 i) 29, 78 £E 7E A [R) 4 5 5 [R] —Fb 4 Jo 19 A ) AR op 7= A o1
MG R KRR B . 7E 7K SCHb BT 7T b AT A 9T b T K 0 2 K A IR R K 4 R
B H AN AR T L HE M A [R]R UE K B IR A 7K AT 8 45 A S B N A B S 7K SC i JR (9] 5 ( Fritz
&. Fontes,1980;Clark & Fritz,1997),

1.2.4.1 BR4aE

IT 30 43k , #B[A] A K AW 5T 2 2 i D\ 5 3 B A FAIBOK TR | T8 Fh s 1) B 5 i 1R Ak 27 45K
JEHRAEM IR TR WA B R B & T HEAMER . SRR 5 1 5 78 5 3 A R 3K
B A v 7K B 1R) 67 2 H0HE 0 R - B DDA OG . Vi K R R 0 3 B O BT 5 B AR T LASK B9 b R 1k
WAL AE T R, R it 58 3 IR R T 4R )2 K A T e KON .

BRI ERE ARAEATPESEAEER, H K Rk R 286 T LR
WA [A] B PR 58 %% fiE (Faure, 1986) ., 7€ H SR A, 884 VO b fa <& [ 2 & (A 3 ) .* Sr
(82.6%)."Sr(7.0 %).*°Sr(9. 9 %) F*Sr(0. 6 %) .* Sr x4* Sr 1™ Sr 4 [7 {57 & WA 7 T4
BB P b2 8 B0 8% Sr/% Sr i Wi i T Sr 2% Rb [y 28 i J5 i 30 36725 19 7= 4 CE 58 4. 89
X10"a) A2 &AL, (B T8 A 2828 o B E 2218 . IR I O [ ok V6 4t 8 [ £ 22 {8 T 1
AR REAZEH (McNutt et al. ,1990),

H T SRR K Y M BR 2 P 5 T AR R BT RAE N R B T R FE K SCHL RS 88 T
BRI . PBAEA BRI EME e TR EEN R ETEN ML - OFRRI A A hES
A R 225, PO R K A B B A 78 16 T LA RS [R) B9 36 585 45 4 (Shand et al. ,2007) ;
QOBITR AT E BRI R A Z A 18 R . B K o B9 Sr/%° Sr 4% 4F B8 2 it Hb
TR A AR R F K2 89T Se/% St R AE . £ K SCHE T BF S b # B Sr/Ca FiE] 4 &
*"Sr/* St K AB AE 4 BF 55 45 b 3 16 52 7K 193K I (Banner et al. ,1994 ; Blum et al, , 1994 ; Bohlke
& Horan 2000; Chaudhuri, 1978; Goldstein & Jacobsen, 1987 ; Heidel et al. , 2007 ; Horst et
al. ,2007 ; Leung & Jiao, 2006 ; Ojiambo et al. ,2003; Uliana et al. ,2007), Sr ffiZ AL HF



