FeE MIRNFERIFEARERTRER

ARG A BT R AR U KO AR RS, ERRRE TR TR
HERAG 2R, ORI S 2 R RA N TTRARSA N A A . )
TR ERAL S48 AR IR B DO A HUS S IR AE BT CENLR . E5eik.
HAET Y B BRGNS IR R A AR TR RS R FE R SRS
Yo HRMAAEEE, B BIAA A A R S DO R A ) R 2, R X A
B 5 BRI N AR R o AT R ERAL 22 Fabn S YRR AR . LR Fr — AL
TS A ERAALHT T A AR . ARG N TR MR L2 L A20E [ SR Bk
WEERAT WU ER L 7 IRAE AR E A P (KL

TERTE TR 70 3R B ER AR5 M T TE U 35 T8V P 0 0 3R S ER AL A IR A 1R R S e e
BT e Eok B TARiE, TR AR B PR TR AR . oo
B S AR XA e A AR R, A TR e s LB AR (A2 A T A 2R A4k o AR 1T
RE B ITC R MR AR ATAT 2 s TR A ELAE L, S DM SEA S L 5 B, IR fE T
FUERI AW TP 2 REOUT R BOUTR A S ER R, A3 354 (CIA). Hisr
SR EL (ACV). MU BEARFERL (lgeo) s BRI (EF) SFERMMXILIRTS . NKIEENFE
Wi 5 o PO B Fe R A K R h S ARE A BT AL, BT R, ARSI UL
TR IX R o, I B R AT TESAR A MR SR TT R 10 e SRR SRR R R
(DEARED, HMHFEERFRET TS, G 7l BB E EIR. X

. JUERHERAL SRR A N ST B (1 BRI, Sl i ot S ERAL A AT SU R E S
bR, v BN NSRBI R g 1A T B

Fa i€ AL R HER AL S0 FEAL 2 )2 C A O [FIfLE, BRI A HLR. V)5
PRI C FLRLERATTL, AT AERGHSA TR A FUTORIE S HA e A= 711034k, JFHIe
BUFE R IR BRI s O IR AL NN 2 SR A G RS R, &
I H B RS TR AT R RIAL R AT RIL AR R GEMBE AN A2 —, BT
FHERAL G BN %, B AR A ER AL AR A IR B /R O =2, AT
R 2R W AR PR HUT IR & 77 shian A P SR L sl AN K A 7 26 AR 1Y)
ARA ST TS 2. BB LR A Rp 2 — 20 IR o (BRI SR AR T STl o 5 M 822 4L
RIRERTEAA R R AATS . RE R RN R TR — I B ISR, T i 220 7T
MR B o PO B ES F A 3R LS HAOTARUR A — B0, i BUR AR S R A R 4L
J8 R B LR X A A SR B, TR ORI A R 37 3R AL T DA R A A K HL 35k
MIPE AL RE AT S I LA B A2 AL o

ANER A T7 i  E T TURY A HURCAL SV AL RS . A HURICH
LI A A, RE TAEYEHURR T BELEA USRS RE R
—EIAENE, IETURYI R ORAE T IRUR VI SR A SR 2 ORI, SO0 T R A=)
BER ARG B Y HA ARG RAGRA, FREEA TR R i & B AR
AT EEAE YRR AR, WA RIRIR A F1, 1 R S R E TR, AT AR
SRNAAWETC . NIRRT R A HURICAL SR 2 o KA, #RT LLFESR
ANERATRY A HUS IRIE, (£ T EEaPA B AR I (RIS, e i S AN A /K S X I 1545 2.
WA AR R E o
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AR ERAL 2T AN LI AR, BARN A b oA R B, fErE
8 IR — T bR D [ P 38 I 2% R L B AR AR (4 FE AT REIE , AR PR AR A A HE R FE 4 A i
FEo

6.1 JLR BRI

6.1.1 JuR BRI =5 BRI SARFRALER
6.1.1.1 FEhMe L E 5 GRB ZIEF RAAE B

REWF I RCERUE B VAT ) 7T kAL SRR I % T XA 2 AL A T AR 58 A
I 77 58 5 TR 2 G A AR B FE U ABLARFAIE R 48 75 /S [F) 76 25 6 PSR A0 o 2 v f R Ak 224 T
9 (Nesbitt and Young, 1982; Nesbitt and Wilson, 1992; Cox, 1995). TSk i1k
AL R FE AT 2L, R B2 ) 26 A 2 AL BT AN T i/ R K F 22 /0, T I 58 ) i A 22 s e i
THREYI D EE GREA, 1997). KB SRR P2 e R A e 31T
. BEMAIFET, LRI TR IRIE . YR A 22 XA B0 . WATA TR 1 45
M, i PR AR AR AR AR

H. W. Nesbitt (Nesbitt and Young, 1982) %54 LAk 221l AR 840 CIA FI YR X AL 22 KA
FIBRBE R 792, CIAHERRN:

CIA=AIl,04/ (Al,03+K,0+Na,0+Ca0O*) =100
X CaO* NP FRERR AR 1Y CaO i, (HAERE S h & T IR E N, Rk,
Nesbitt 25 ] — 5& [ 779200 LAM& IE (Nesbitt and Wilson, 1992), 3RA3 5 FRES & & R EHIE LT
SKEUFE S CaO*. CIA {EHERR T BkER N WIsemd, F BRI 2 FERR B PR
AR, ORI b o P X A 2 A A FH B AR O

CIA H 5K A RALEE 0 YRR RIE L, 5 XLEREZRIEE, CIA [EROK, KL
FER

U B AT ) AR BEE WT DA B2 A8 e R 4 ICV A B Al 71 (Cox, 1995),

ICV= (Fe,03+ K,0+Na,O +Ca0+MgO+MnO+TiO,) /Al,O3
AFEF- YR BEAAFE R ICV X ], JER L) ICV E & T L), MATE 10~
100 &), MINALIN 8, HEKAN0.8~1, RHKAKN 06, HuBAFFIALN 0.3, ZEhif
74 0.15~0.3, =El&A1A 0.03~0.05.

EERERR SR MEAL AN E R — MR R ), tRRIa . S A a5,
R TEM IR SRR, iy RGBT R SO, 2L YA et — 2 k4
SLEAER, B8 iR, e BB, REREZKGERS, e R R AR A Ak
PP Aa 0o (A T 8 J m) m 7 B B X AR R SR AR A1 — 244, i AlLO3
R ERIMAHE . IR, B2 W F R MBIt R, IR EA T, SRE M,
WO IEEFITR, ARSI, MBS 8O = B R AR TR, A RLR IR
DU RS B K. RUA T TR I REER R (SiO AlLOg) RIREFRERFE (SiO,/ Fe,03+
AlLOy 5XALIRE R IEL.

(Ca0+K,0+Na,0) / AlL,Os it T St RIS sh A o STETEA o 2 A 9% &, HE RS A%
SAFEYIAEC . WAV, X — WA R, RN RIS TR R, JEIX A 2E KA
RS, KM ZE: R, WAPERIN R, KAFZAIE.
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T8 e S A EE VA DU P ) 0 2R IR AL 2R, ARG b SO T 1% X 1400AD BASK X
A F DT 5 o FAHE DR A 22 AR 5 5 (CIA) (A 1E 25.35~44.46 2 [i], “F¥44 36.05,
FH 24T 750 R i 2 A 1 CILA {E (Neesbitt and Young, 1982; Nesbitt and Wilson, 1992;),
g E T AR MINAEENR CIA A, RUHEAEEPIRX A2 AR R s (B 6.1),
AT HIH AL B o BT 1200 X A2 AR AR T 23 055, 0 2 S R A SR A 1R A8 A s ke
SN

K6.1

Bl 6.1 HZESSATTARY) St S P HALE A CIAEIE CRAL: %)
GHr 4 AR 201 CIA ¥ Nesbitt and Young, 1982; Nesbitt and Wilson, 1992)

HAZAEIATTRY) CIA 24kt 2 2 W (181 6.2), 1400AD Fifk 2 XALME F & Ak i o 1
B, 1420AD J5 XALA/EFIRES, 1480~1520AD [6] CIA {H1X 30 47, & KALAEF & 59
I Bz —, 1520AD J&, WEhASK, 1950AD Jo XAKA/EFH kRS . sk &, 1520AD

6.2

K 6.2 BAZERIAIUTRR Y TR LA (R BOAESA IR BD

Ja, W RAAERH 25 HEH . ICV B )k )A = #5 X 1400AD LSRRG TS5 CIA
B SRR A — & . AL TE & BB . SiO./ALO;5. SiO,/Fe,05+Al,05 fil (CaO+K,0
+Na,0) / AlL,O; #i72 #, 1480~1520AD & KACAE HI 55 I, ), =& B304k, (CaO
+K,0+Na,0) / AlLOs A BH 9% 30 TR RIS, 1900AD J& X AL1EFHF frd a5, 1950AD J&
MIERTS, & 20 thad 80 FEACS, MALAEFH kI 5H .

HAZAAL A A B PR B ARG R BH . 1420AD R iZH0 X i R {2, 1420AD J5 KA,
RACAE IS o B B G T 1420AD 7o 47 A BAFR 2 R/ Nk, i A 1 XU 71 s ke
T A% BT AS EIREREN T /K, % 1900AD 24450, HIaZ 0 T 3 ANA I s EE T i
I, 435314 1420~1520AD . 1580~ 1720AD £ 1780~ 1900AD , H: H 5 ¥4 s 3 B 7F 1480~
1520AD, HPZE—/MAH. 1900AD 5 <IRMHFt, CIA B m{H (CaO+K,0+Na,0) /ALLO;
BE, KALPEFIF AR RESE, £ TS nEl. 1950AD J& kA ¥, % 1980AD A4, iHj#
HE, (CaO+K,0+Na,0) /ALO; if# ETk, WIyAT 54k ™.

BARERMAEH G, TCRIERIRA K15 HE 52 0 A S A 2= 1 T o 3 IR R 5K
FI/R 2 AU TR R R I A S PE B A b, $RH T KT R R Kx R AT R
TCRNNESIRE S GREEA, 1997), I RALH TR N K.

(L) &% it#icz: Cl Br. I, S5

(2) S#aE#ic#E: Ca. Mg. Na. F. Sr. K. Zn %%,

(3) IF¥ILK: Cu. Ni. Co. Mo. V. Mn. SiO, (EEEZZEF). P %,

(4 1B (E5ER”) Ju&k: Fe. AlL Tiv Sc. Y &5

(5) JLFAITRITGER: SiO, CAF),

H T 7oL e ae I BIANIE,  Jir = AL R DTRR 40 T G o ke FH SR e st DX F XA R
T Rb. SrERAAVER B2 R, W55 K7 1#(Glodstein, 1988; Chen et al.,
1996, 1999; Z=KVLAF, 1999). MIACHI AL FE LA 38 + - b 3% 7 51 7 3 BH (R IR 5%,
1997; Chenetal., 1999, 2000), P& b2 XACFEFERIINSE, SR EHEE 780 Rb / SrAHZ 1
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Ko AHNHE, EHATURRPI ) Rb / Sr B4 BRIATEAL 25 RAL R I 3G KT AR /) (82K, 2001).
U — RGO, TR BAEAREETTS, 5 XA6sS, Rb/ Sr fHm: BRIERMAT, X
fb5, Rb/ SrfEf&. H—J7M, BAUTERYIH Rb & & A LE RN, H Rb/ Sr 1)
A F BT Sr BITE S (4585, 1996). X2 K7Lk itk i Rb A1 Sr % &4
& Rb (A K) 5% - BA @A Sr([F Ca) Z#t NI 4 K. Fitk, RA7 RAFHiH
TP H 1 Rb / Sr B K /NSE I EAE7R TR X P00 B bk AR R, i — 20 e 7 i ds Ay
FH LI R K B I, DA R B s AT A I ARIRES

R e S5 CE—2 FL Rb/Sr A4 AR (B 6.3), 4.3m DL F#H, 4.3m Ab T8k [%
fiX, 4.3m~0.5m B AK, HIJUAEER: 3.8m L. 2.1m £ 4 0.5m A4, 0.3m 4t
BENMEER B, M 4ERe 7EsE, X EE R s AR, K 755102 XALn 3, 458
INEAERIA S T34 . CE—2 4L Rb/Sr A8 {k 5 TOC 25 Hfh kAT e i ml bedE, 454 TOC.
[F 7 2R 55 HAt AR AR, 1B IX 4t LIRS 532 A 1) J 5243 LA (W et al., 2006).

TSI UURRPIIE 400 43K Rb / Sr AEANREA 2 2 (0] B 2 2 1 U S PE AR A 2 U2,
AV Rb / Sr B ARG 2 2 8] 2 2 1 TR OPE 53 1 - oy R38R 51 A 1R IR AR O
PE(chenetal., 1999)FHFER., AT Rb / Sr{E AR AR SE T LA SR S AL ek P 52 S48 il 1)
A AR F )58 . ST 21E 04T Rb / SrAEFEIREE AR B, IR 1 Rb / Sr
EARAHE AR I T 100 a B[] RUBE (AT A I (& 2R 5%, 2001).

6.3

6.3 £5%9F CE-2 7L Rb. Sr K H BB brxT H

6.4

K 6.4 tSHEFUTRUE O Ro/Sr MBI R AL A2k (&K%, 2000

B R g bRt A S A 5SS, [ UM AR AN, S TCRAE VIR P 1) B Sy
TE R RGN R R BRI 45, M 7o &= A BURFE, 151 B = R A2
(K17 R AR o 00 Na' 78 T 58 PR I SRR A o 22 B3 300 s Ca™ B8 TR R Mg™ B 1K,
WIMER T Mg™ BT, B4 Ca WA BKESE Mg FIAEHE T, ENEE,
Mg & & EREE FIE S UTRR/K AR I IR B2 B 52m s 761 5 X #h 3T Sr i & &b+ R AR Y
WeRMA & . HET UL EEZEUR, —H%FK Cry Niv Mn. TiO,. AlLO; SFIHF N E A
JCREBEMNY), TiHF SiO. NaO. CaO. Sr & EAE T o =Bl Y. Abd-Elwahab (1998)
I 0% K Kom Ombo b [X i 55 D0 228 e BT i AR Y & B P i s BRAL 270 5848 75, Cu. Pb.
Fe. Ba. Br. Co. Cr. Cs. Hf. Ni. Rb. Sc fil Th 20 & & & WEIE A3, Pb.,
Au. As. Ca. Fe. Na. Ta. U. Zn. Ca. Mg. Mn. Mo. SO4%. B. CaCOzZ&4 4} M45/R
FRELFRAUR. BriEds (19900 MHITRHAEGRERG AR WAEE C1H, WHid%E
JRTE SR X ) TR AR . CERITHE A g

C=Y (Fe+Mn+Cr+V+Co+Ni) /3 (Ca+Mg+Sr+Ba+Na+K)

A CEBRR, A lkiie: ez, WIF.

6.5

K 6.5 ZL/RVTERIH CK-81 FL/KAE 4 b 2848 Ak S L AU S (Wi, 1990)
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1. F#: 2. 5 3. MXNEIE: 4. BiRiE; 5. fadhs 6. WEAE: 7. BMEbAI L
8. Fit; C{H. HIRMLFSIRIEFR

6.1.1.2 Wt LHE 5T L ER

Witttk (REE) RIGHRAMR E—4ELM e, £ AR RN TR IR ERL 200
FP A EZEHAL. REE A AVERTIAREL, 76 3R A b e R AEAE—E, (HAERT
S50 EARAERUN Z )], B TT R Z AR 22 5, AE AN R MBSO AR R A — RE Y
XV, BUE BT 2 ARG 7 B AR A 8 AN R AR AE o 72358 A B A2 Th R 1Ak 5 4.
FA IR B T REE HOEME Y, WIADTARIA S FIE 220 REE AE DA b 1) 70 A5 A0 73 P A =X
PR ERN . R, REE A2 HTE AR ST (Gaiero etal, 2004).

EMiIC R R, Eu Ml Ce B 5 KA A 5 HAh M o &= Bon AR HAT A i
Eu fERGIE T (2250°C) WIHGRJE A Eu", #1348 i i b & 4 Eu (Wilson, 2000), T Ce
FEARIR AL SR T 5 R AR - Bu il OA & RS R O 4kK, 17 Ce I 3 4H0A N
TV R 5% (Taylor and McLennan, 1985; McLennan, 1989). .45 #fF 7T & IALEAK
pHE & &G ST AR5 e S5k 35 1 9 REE ¥ iV (Elderfield et al., 1990; Sholkovitz, 1992;
Land et al., 1999; Compton et al., 2003; Aubert et al., 2002; Hodson, 2002; Johannesson et al.,
2004) , {HAEMTEXALH)E RS REE A A A2 BB E % (McLennan, 1989),
MARYE REE B AT 2URT AR Z- ) o

TR PSRN ER], EH SRR REE M &4 — e e, 15
TR O ECAAA AP S R B TR (HREE: Th~Lw #4&# +u# (LREE: La~
Nd) ft2eR% (Nesbitt, 1979; Aubert et al., 2002; Compton et al., 2003).  PFIIHAE & & H LT
BEIAEE T LREE %¢ HREE W%, M Mitios (MREE: Sm~Gd) fEBERELN 1) £/
AR G . AEWIAHDTARY T R Lo R RGN R, RS R T e FiALVE AR
hnag WS REE IR AAMEZ KB AKX, 85 Fe. AL ARREREZHE T, 1§
RS HEHURSSER, WEERE TRAER CREESE, 1989). MEBAHIIRE
HEu A BoR U, ATRER TR ARBET TS, U ER . BRI, M IT R E
LN Eu B I AR A ACER T AR PRIR I ) SR S . 1bAh, W% REE #hiZk, #n] 4y
PR — R RAZ . AR TR S AFAE . — RS CREESE, 1999).

MY L IC IR AE H AR X Sekp ik, 3R REE WK R A CHIE L T, mT AR
WHEATOR I . KRR SR A ek, TR i L A2k . sl dk 2245 (2003)
X R DU Lo MR SRR T 9T, 45 & AR PR AR R 1 izt X (<
RINEEARA (K] 6.6). BFFURIMAEDTRUS AR EEAL, #itou g A AR AL, 36
AU E A A F A BOR IS AR G RS . LREE / HREE>1, J& 2245 1R} 28 BV 5 4 AR X
BERSMENA. SRR, REE FEER TGN, HE TR0, FImERK
W 3 SRR S AR S TS &Y, HAS e 18 B bl I 2 s iy o, 4%
Wi AR SERAT DU b R o SR e N DTAR Y ey, T A DU TR A 5 245 50 i B AE T /K
H1. SEu {H7E 0.9081~1.1997 . [8], JoHHEM Eu w5, UiHEDTRRIE FE A AR T-Ab3e s
REE ¥#A RKAEWHER> 7 8Ce fHAE 0.9029~1.0000 2 7], LA FARE Ce i, Ui
AR SR 2R R 9 B AR R A R AR AL, BIZEYE DX 5 A I AR LA X TR A v, P8
FRROLBONREE, AR IERL Ce o BT, K 6.7 J7x T IREE KI5 U BE Y
YIS BIZERRIBAIAMEIAE N, SREE #E; Mx, EA TSRS R, SREE
BUK.

K 6.6
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K 6.6 FHifg QHL fLMi Lo R Ak (i stk 2ess, 2003)

K 6.7

K 6.7 HIEW QHL FLF e R BRI S TOC. RLFEFEFR WL 8500 K UM ARk (i k2245, 2003)
6.1.1.3 Ak L E MR T AETIET L

A ) — LAY R A T R W8 DA, AR KOS R Al i IR ISOK AR R R
IR RER B N ek . R Fe R R, PRS2 R B S At anil B o R
I, X Sry Ca. Mg %54 EuH A R, SMUBR TR e e .

ARG RAT T DR R, AR UURR Y h A= ) 58 A4 R B 7 2 2 A B R R, 3 564
M B A VA KA T 5B Bt S g 5 42 I (Lister, 1988; Engstrom and Nelson, 1991
Chivas et al., 1993). S5 = [ S50 i 51 3 B AR V)52 1) T0 3 AL BURFAIE 5245 T 52 A T ok ik
HISE R Ak 2 PE 5 (Chivas etal., 1983; Engstrom and Nelson, 1991; Xiaetal.,1997).

Chivas et al. (1985) 5| N T HERE (Kp) KIS, A TRISENEREKTRE
HER S KEMESETRNKR, KRN Kp(Me)=(Me/Ca)cie/(Me/Ca)yater» (N Me
AR E SR 0, 1 Srv Mg, Ba 55), FHE SIRGT T~ R HEME Sr. Mg
I B R, W RENTE A KR IX — I REGETEE AL (Chivasetal,  1986a,
b), AAMRIELRAE T VIR o A T AR e R R, s EEIRTS AT R AR I K A4
IREEHORFAE, 3R S SIS 9281k (De Deckker and Forester, 1988; Palacios-Fest et al.,
1994; Holmes, 1996; Anadcn etal., 2002). 4. EH BIKHK Sr**/Ca® 5 #h R B IF A%
F, HXRAN SIC® =AS+B, R S AMIKERREE: A, B AW, ATHRAEIUHIK
S, Ca™t HRSHEINEIEG. BOMAB Ky M TX—x AR 35 E /i
WA

S = A[(Sr/Ca) rx/KD(ST)-B]
KA IR Sr, Ca HUAE, BP(SHCa)smwsdd FH T-HIVAVTRVE SR I TR K e 44, i iE
LA HEATTAR AL FLE O R A TR 28584 Sr, Ca EUfE, ATRAE IR & R E L
%, 2000).

Wansard et al. (1998) #i | fEIEHEALAIHEH &1 Mg/Ca {E/K A AT L Ko (Mg)
A4k; De Deckker etal. (1999) KILIEIR =R SriCa {EI/KAH ( >0.02) &R/ Kp(Sr)
BAEHE KA (Sr/Ca fH74 0.0085 £4) HAH KAAL. Xiaetal. (1997) iEidZ=1ifk
REEFSLI6 E IR 70 R B, N SriCa (-5 EASRMEAH &, 5 H 52 A K Mg/Ca
fH2RE M, Ko(Sr)R Kp(Mg)3Z/K ) Mg/Ca i (K 6.8). XfHEATE HFE R )
MRAR, H Mg/Ca 52 Z= 1 il AR R, SREREMSRIEL (E16.9)

6.8

%] 6.8 Coldwater i1 Roslyn Wi 7K 4 & 344/ Tt SriCa. Mg/Ca HI5= %, LI SEI& S 135 AT 3R 15 64 Sr. Mg
K143 Bic 280 (Xiaetal,. 1997)
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K 6.9

K 6.9 Coldwater i F1 Roslyn #iG A/ JE A R R 5 Mg/Ca LB IR R (Xiaetal, 1997)

LS (20000 TEINGZA SR T RZ VI FIEARANTEIS, 1ERMEE TPk
PR ANBTE A (Limnocythere cf. inopinata)3~5 J, Wl FE 5 Sr, Ca & & FE A I e %
FE SR SI*ICa* i, 45 F Son I HEE R A 2852 4K 1 Sr/Ca 9 0.0156~0.0204, 7K
Sr¥*/Ca** i3 0.0162~0.0182, i+ 5 FK /31 Kp(Sr)fl 4 0.963~1.121, “FI41H 1.064. HRAEHIK
Sr. Ca B Tll5E, FERIENIKERRE(S)S S ICa” K RIMTTFEN:

Sr?*/Ca*" = 0.005879S - 0.008399
A (RY) A4 0.96. HILIREUH$ A, B ({187 %124 0.005879 #1-0.008399.

BT RiRgER, SO IR LRI 5T, SRA3 8 5000 45k 35 AL BT 4 i 1)

ms K mL RREE A SRR SR 5 AN B (6.10)

6.10

B 6.10 159 501 SR B S AL 4L (%, 2000)
1. JBFERG, 2. KEF L, 3. M TR, 4. RFMES, 5. MR RS R B2

Tk EELE (2004) FIFHBEE £ A (Eucypris inflata) 74 ) Sr/Ca ELAE, 45 &K LA R A=
AT R FAR K SriCa Fil, K13 Kp(Sr) 0.622, IR1G (175 UK 25 B 55 Sr¥/Ca® i 1) 7 7%
N(Sr¥* ICa” )x=0.000557xS—0.005645, HITAR M R % R® 9 0.940, HEIMT$R A7 iHM
R AR A $=1/0.000557 [(Sr/Ca)/0.623+0.005645]. #Eith AR, VKE T FHiEHIIT 900
FERIITI K EREE AR AL, AN 1160~1290 4[] (I KA 36 BE AR SR 1 rp thh SO BRI 2 b X < A

BONTRIE, T/NUKIR 3 AN BT R 1410~1540 4, 1610~1670 4F-Al

& 6.11

K 6.11 A A Sr/Ca LU AE R WA HEHTIE 900 oKk £ FE A4k 5T Bk IR 25 & X Bl (Hak ks, 2004)

1770~1850 41 3 /il /K e s BE IR W23t XA/ N KB 078 30, U B0 T T3 JL+
FEH R R AR U4 AR A AR A —E (&1 6.11).

MR DUSERAR S 7 AR 0 2R I AL R R 32 24 ROKAR (K 7o 3R s S HL AR R R Y
AR . EROKR S R R S & RS A R, 2025
VoA B T 3R A 2 L AR 3 R T ARRAEA B R ARSI S Mg IR R 73 Fid AR B L NI,
Fxs BRI T RIFE SR 1A 053

HI e R RAE B E MR R IRZ , ERIRICEREEAT R AR B,
TR 2 B TU R Z B I EAE . TR AL SR IEIR A RS B, (EA RHEEE A 2 BLAIBR I
S MG AR 2 N, ARIEAL R AE IR R R, R IR an Kt
TR BRI BB TS Z R GETE T IT ik, AT SRAT R A R SCHE D W 0 A

o
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6.1.2 JLRHERAL FZ 5 WTAIAE T
6.1.2.1 #aEHRKRE

EATIR AR BB IR B e 1A I WIAG 257 71, AT DA it
EIRIRES, S G AT ARSI SOnT LA T AT S SRR A AL i 52, A IR
P57 e ER BT AN R R ORI R PR AR A3 e S W SO A LB« 2R SR L PR B B
HERIRIF A HURR . BB RPUE R

K 6.12

K 6.12 eI LL-4 FLYTARY TP, TOC. TN A1 TOC/TN JEE/R B

X R PE AL IR AT LL-4 FLIA ALK (TOC). & (TND FLE®E (TP
B E R L | RS B, HIREARVEE 2 260.1~713.5mg/kg, 13
485.1mg/kg, ARG EH T B2 FEPPEInE&ES, TOC & &E7F 0.93%~2.81%[A] 4%
b, ¥ 1.74%; TN & &E7E 0.09%~0.39%(8 44k, “F14 0.22% (& 6.12), TOC. TN F
TP L AERIRREE BT, Sk 7R E FRIRAS AR, o IROARAR AR A TR, eI
W C 2 HIUE FRWEAO T E R CGERZR5E, 2001).

SES TR E B, LL-4 L TOC. TN Al TP K R AUE SR B E 7R S H bR
HORAG T 1950 ALK, HaRZI ANSRIESIAHSC . THFEE 7R B3840 AR S 1)
BB, 1950 4EACLART, Fi TOC. TN f TP Mk FFib 2 BRI B, #EL, KT
EIREMEL; 1950 FARLLE, BEE BB E . BEARFE K SRR 2= AR f
MERZ, NHIE N P IR, WIyaA = 7RG 5e ;s 1970 A LR ZMlmE 7+
RSB 75— N B, JCLL TN 3 il TOC/TN B ks h B (B 6.13).,

6.13

K 6.13 LL-4 L TOC. TN fil TP RFLE R LAWK BEE R R

FIAHPTRY) TOC, TN AHIWHsa 1k, 1 /a5 AT RIE . SRR AE,
BN E S SA4R, EREYETE S SRR, Fik TOC/TN W EAAH T Ak
BHUFORIEMEZE TR, A TOC/TN A KT 20, HZE &L 100, 11PN AEMEY)
TOC/TN fE4E/NT 10, 4R, SEMayTARY) TOC/TN IR R 2L i, SR RIE
el FEMEE, HBE T AR S S E, SOTRY TR N oRE) TOC 42T
ORI E A AR SR, T BRI, AL COp B BRI A: N 755
fEt FE R 2R NHYY, R BT 26 a5 s ks b, ixXAEmtig R 1 TR TOC/ITN
ERAERA VLTRSS L PME AR, s2m] . Meyer et al.(1993)45 & HoAth i 45 i

K 6.14
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6.14 LL-4 fLAENUFRIE AR

B A B 2 BRI EHRE 8'°Corg 15 TOCITN HISC R, KA HURX 4N 3 N EERIE: i C4
Y. BhA C3 MR LMIAEESE (B6.14), HEATAE LSRG 1) 3 B AR T 4 2 R

AT B AN I BCE VE R SR DTSR, s 3 N B: DTRE . 7 AT
HERL (Meyers and Ishiwatari., 1993; Tromp et al., 1995; Zimmerman and Canuel, 2000; Ruiz-
Fernéndez et al., 2002). Middelburg (1989). ¥ Jc#E T A5 A/E R fIw AR, HARBRTE
PR A LB N IB B R AEE , 7K - PO S A HLBTIR B R I aa ik « (HAE
AT P I — R R B T, VBN E % FE . Ruiz- Fernédez et al. (2002) FI| F — 4k (&g
BRI T A BB R S I TR R R, R iG 1A B A 1R R T Ui h A
PUBRFI IR (B 6.15). 45 R R ARY o Sl A WL M B IR [ S S A
UFH— 8k, T IR A S AR AR, 1 SEBRAIA HLER A R S A B, R I
BRI N & 52 2 70 i E RO, T IR A AL S A\ 2 AR SR 1k B
it

Kl 6.15

K 6.15 —ZEREMARILE A HLBRAN R A AL H 2 5 SCME R ELAL. (4 Ruiz- Feandez %, 2002)

T — B AR A WG A2 5= J1 W ik B #4878, Engstrom & Wright  (1984) f5- %) thidk
177458 M IR FE AR I, FEAR 28 R B P B R W & B A ) d 32 SR R R
(Carpenter, 2008; Schindler et al, 2008). H Fi V12 1y7A#E T, AHE ) Wi 55 Je 2 dm b1
W5, ANBROFAE, —SlhnE e E g R g R A, Horh— A BB IR PR 2 K
DU P & AR Bk B (Zhang et al. 1998; Dickman et al. 2001; Yuan et al. 2003; Zhu et al.
2005). KERFRI, EAHETORRY IR S 7=, JCH 2w, AT s T oM
INE (Jeppesen et al. 1990, 2005; Knuttila et al. 1994; Fan et al, 2001; Sendergaard et al.
2001).

P30 3o SR AT RO M AR I S A3k N AR W BB Rl /K Bl sy b Herp— g an it &2
Fhig A2 TR TS (Carpenter, 2005). B IEGL T, TR B DURURL S B T BT 42 41
ey - SEANYRE . FAETAVRTEEAET AN - T MESYTH (Lerman, 1979,
Sarazin et al., 1995). 7£—& 511 T, VIR T & AR B AT RERS P ORI K A o 520
DURIBE RO R 2 B4 IR JF AR B pHY IR AL FEEIREAIAEY) . AR F &5
(Sendergaard et al., 2003). (K11t 78 AR S& A T DTAR MR 2 R ARG WIS TR, (HIX Fhe B
R LAETE . VTRWIBEIR B 5K R BER B AR AFE R R — AN R A
AN (), EK - K540 - PURR S 0], B R EATAE S 2 0] /A 18 5 Ja i
F, BIANRTT AR ORI, T L ARSI TTAR ) S R BT B, R s R
FE NI T BV OR EIE LU IR A ) (BRI 4R 5, 2005) .

H 1A S B LR RS — SRR R o B T UURR A A A3 e DL L SIS i vy o R
A, Engstrom & Wright (1984) #iff 7T & ILUTAR s )T 25 20 A o] Bk /& I v 8 7R 1
T WG, 2R TAERR TARBSEE0TE, (HUTRRBE RS R H I M 2+

( Williams etal, 1976; Oluyedin et al., 1991; Golterman et al. 1998; Pardo et al., 1999).
FRYE AN [T A 5 1) 40 & R S R BE AR AL, B T RESR AN S R R WA S AN &2 o Bl nAE 'S
AT YRR, BB B TR G SRR B s . TR E N E E IR, E
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WA R AL T SR I RS, ORI BB A = k38 S50 AN Bk TR B K A4 TR 4
AT, BRHRVERN NSRRI =MES, BRI, SO Bk Bt

TN Re T B R A AR T ) AR A T R R M E AR RCR i (Mortlock & Froelich,
1989). I AR [ HHZ I i ok [ Ak ) AE M R R R I & &, HERDIIARIURAE . (HE T AR
VR R R A A BER, FEAC R R A A TR B R L R RE I RSy, S AR R A
EENUERE Z 350 (Engstrom & Wright , 1984). b4, filse RR i A —34,
EARE T BRI L 1A, EIRA R E A 74 5588 . (Coleman et al., 1995;
Flower et al., 1995; Verschuren et al., 1998).

6.1.2.2 #/f AMNLRRE

WU Fe Al Mn (18 & R LUAE, B RBEIA R SEE FARAS, EIRJE 4T,
Fe. Mn JEH B4R, T Mn ¢ Fe 3 5 % # . Mackereth (1966)fR#51X — R 2, fift# T English
Lake District Ax 2 iy HI AR R D7 58 o Ath EL A T iR Fe W< FE 2R A1 Fe/Mn LUAEL ¥ i 2%
NN Fe WRFZIE(E 5 Fe/Mn WEAE AT R, Fe % B G2 i T VA TR 98 221 BT 5
s 4 Fe MRS R THIK Y Fe/Mn (B, 58 R AR 2 WA TR A T3 JR 45 1F -

I FH 3 Foft 87 B (19 X6 226 B 48 7 B VE S A IR ARSI T s, SR T Iz )T
(Engstrom & Wright, 1984), AT bz /=Az. & JEAE T Fey Mn &3, T2 Fe/Mn
FLAB AR AL, X ERE XS Fey Mn SRIEAZAL AW HISS (Bryantetal., 1997) LLAZ#IYAH pH
AL T R B Mn W AR AL BE ] (Renberg, 1985).

TURRA BB A AR A mT DL SR 40 33 9 ) 8 A3 SRS, R R R Al B
(Engstrom & Wright,1984; Carignan & Tessier, 1988). VAW HERALYIHR FE T i ] LA 7~
TR R R BE 1) N B, $RmIA D TR P ik R 8 T 3 i o (ELFE IR BE AR, LA R
WS BRSO SRR R BRI E , TR AT REAL & 1 RS 2 Rk . PRI
I FE Ak AR FEE R BA TE R A PR BRI BT I 75 45 & 5 FEBRL )45 (Evans et al., 1997).

— BT R AE A A IS AR T BRAE, 82 B AR RS A FAR BE R, X gt T
PRIHIHIA AL JFE A S B Sl o 49 T SCRT IR Bk L R PE A SR A T TR B PE R B S A
A RIEA YT 2 20159, w0 HAD TR WA B Bl 855 T MOKIR R g b Tk Al
)31 (Heggie and Lewis, 1984; Shaw et al., 1990; Crusius et al., 1996; Godfrey et al., 1994);
FH A L e R AR A A A N HIES 5, aidhsE (Klinkhammer and Palmer, 1991); fEif
JRMEL T — 2R o TR MA R, W, 8. 8. 355 (Crusius et al., 1996;
Rosenthal et al., 1995). fELREFHEEZMTR AT WIEAE, WaeNFIBTTURR M B 4L
WERA A BERE (F6.16).

6.16

K] 6.16 Malawi 7] M86-18P 14> J& 7T & 0 A HHIE ST 229~ 244cm A48 YT (3 Brown et al.,, 2000)
6.1.3 JLRHIRI S NRKES
KR 22 PR B, XS E] BRI 3 BRI 2] T NGBS IR Z5 0 Bk

PRI AR AR 5 r A T e BB L R I 300 T A AR AR R, NS A BEREE G N 3EAE
P SN S5 B 2 EON AR AN SR A6 B3, NSRS B SRR IRk g5 5 1) ok iy LA
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Ky NG AR FEI T ORAOR (520, B 225 A I o Al s A A B
SRR BT FTARA RISt NS ARV IAE AL, @ S BORHE R T8+ AL
A, R SR BT R B B M B SRR CUEA TR ARG K
I 1) IR R A B 52 o it i AR TR N 5 B PR AR AR Y TR ZI R, 2 1A 242 A58 P
AARAL SRR SRR A T e iR B LAt . i B o DR AR K T & 1 >34k, S DTR
WAEDIE - PRI, BOAWETENS B AR LA A ) R4 15 2 38k . AR
TOE HUBRAL AR R B 5 1A S R e s M ER A A AR A AR, o 1 B T SO
R, MAE BT OR) T s HUERAL B 7T, AT BAX 2 A SIS SXHA A B I e, 5%
SE B PG NG BRI A DRI AR A TR

6.1.3.1 TEZH AT 5 AL EFH ey FH)R

EMIR ALY LR STV = Rl e M A S L we= 92K R et/ NS SR Ee 91 €7/ )N NI 2
W% . FrETCRME Sl BEERIRES T, HEBR NS S 0 I i i) oo 2 & 2 8 sl
A TRAR AR R e R F

Mason (1966) #5 i T 43k HIEH TR PR, Wedepohl (1995) FitH4xa 1A%
LW FRE, KT S TR . XA TR EHAETHE TR W, ik
N SR B TGRSR AR A SV, BARTE A A AE 75 TS 5
BEATINFCREFE RN LARA 5 o 55 SR IR 5 1 2 SRR IR A R 52 AR B T L8 5 h
PABR IR Ui AR, M e R A&, RO A AR i 7T X i 5 {8 (Schropp and
Windom 1988). X} T4 LASRTF A 52 NGB TP T L IERIA A AR AR, ToRRIE IR (1)
75 (Binford, 1990; Wuetal, 2007) J&3kEUTR Y SEMEAET VL. Z7a@d geit4
FURHEI TR, R ESRBPIE 0O EbrlEmE (o); WRF MR EKREENT
x+o, NWPEZIREMAGH B, FEHRBCFME (0O FMirdEwmZE (o), HBF A EfE
KT x+to, XBEPFERMENT RS S E. M HAT, & HRSRBUTR S S Em
Tkt R RS IR T,

MF&ETE, BT HS MR, LRI 2B A WA & & R
Y REE R R s, DR CPE A 8 A BT S (E  1 2 BEHERRA WLIT R B 2H T s« T B
BRI ) 7A@ E GRS &, HE&EoE AR &2 Tl R
YRR, — R0 0k H R R AR e He e B e R B i, S A e APRL G R 4y
B OB I AR 2 1) 4R T R IR ST AR A AL B . HEBR A LS R 2R R R 5
FIFH 2 e R IR FOn &R S 5L{E . S TR — BRI E R E R e & W Al Fe
Rb 1 Li %, Zlinsm 5 nR 2 KX R M 2ER (Schropp et al.,, 1990). F|
M2 It 7R e R R o R 1 S TR 2 B T 11 Bl R s TR 7T o 1%
T3 1R FHAE 78 X R A5 G BIUTRR I I 7 2k B 5008 it i o 3 5 2 oo R AT R 2
B, AR HEBIECR, HR¥X— IR H TR 2R, e ixZBeEsE. X TEIH
JrFEHC 95 % ME(E X 8], BE AL T X R Y I RT e SO EARIRAS T IRy, w1 35UE
X B LASI S TN 52 21 T 15 5

XEUESE (2004) SHARMUTRYI& BRI TSN : VM AI FE ok H AR RERIT
=, HEHEEENSHITER, H VIAI GRS BRI 5, AR IcRS AL
A VIAUE BT ZPE R, 23 5%F Few Mn. Cr. Pb. Cu. Zn. As fll Hg &4 @ e Kt
T AR S NSES AT T X5 (B 6.17).

K 6.17
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K 6.17 K1 MS FLIBATTRR BT FL T RIAL 5 VIAL RS E

SE RN 20 thad 20 A HALLET, ERuE AR B RE; 20 4D 20 FFAR
£ 70 FACHHIBR Hg 23— @RI A T35, HAhE SR TR LA EARRIE N T 70
ARG 32 NGB FE N

PR NSRS B 177 2R R & 5 R 5CER) . NS RE AP Ml BEFERR (lgeo)
SR NGB R B E VAR, W RTIEI RS T R S S TR IR K R, 4500
MY e ZAEE, & ERSARIESNIR .

BIERIER L LTI AT

EF = (EI/Alg/(EVAg

XHI(EVADs ZFES i n R S Al TTRIRIEL, (EVADg 28 Sttt it R S
Al TTRIKSEZ L,

NFKiEE R (AR h 25

AF = Els/Elg

FH Els AFE S R A0 R IR, Elg AT AT R I = AE .

2 EF MAF 1E 1.0 2241, RUNEATIRY P bt i ek R 2k AR, kT
1.0 IR Z B NGB, Hn 7 ASIESRIE (Szefer etal, 1996).

HuR RBFERR (lgeo) T4 LT A5

lge0=10092(Cn/1.5Bn)

A Cn NFE S AL G RIREE, Bn AR L0 3R 1 5L ME

I geo 788 1 22 I 52 N V5 Bl Bk K

F TSR VA AU R I TR VR I B 2 1, SRS IE IS Hon A — e WAE, I Feit-2
TR AT LR K& I 2 B AT 4k, RIBORIEIEAT X 73, TR NS B R 5 .
WS T E AR E 084 (Tuncer et al. 2001; Loska and Wiechula 2003;
Soto- Jiménez et al. 2003, Wu etal, 2007),

ST ERFET LS TAEVTE (C. Ny P) B SHEME (Gerritse et al, 1998; 2=
i 5%, 2006), (HH TAMNRAEMEZN OLHEEMIRERE) Ml £ RVIE
P FE R DA A E N 2 R AE A . B, P iRReLZ MRS RATE TV, el
DURW) Je B KR R IS FE A A, [RIAE R 2 B T 3R (1030 B B AR 22 (1) LU Ase A
I, IEAE ST R . —4EREM Y E A T RRR TR th A LA 2 288 3h 52

(Ruiz-Fernéndez et al, 2002; Wu et al, 2008), —#4E[#fgii Al 2256 /2 20 Middelburg (1989)

AR, BATEAN R PR I T 5 B A 0 WLDT Pk 238 2 AR ATy, {3t 5 B ) AR A P o i

EH R GeGe®2™™, Hih Gy AENUR VI, — M R A 1 HL
TEME: Gov—ERTE (O BUiRYhENUR SR S; -3.2 F1 0.05 NAEIFE. 2l
(B 5 R T R 1) 22 S A A N S BB ) 42 3R

6.1.3.2 AL FFH4E TE R ARPIIRFE

TERWIRIR AR YL, MWE T DI—5 FLYUARY Al. Ba. Be. Ca. Cd. Co. Cr. Cu. Fe.
Li. K. Mg. Mn. Na. Ni. Pb. Sr. Ti. V fl Zn foc R, KM LIRIEL R 7% (Binford,
1990; Wu et al, 2007) %73 7 F& Cd. Fe. Mn I Na AAMKHAB GRS S8 HIT7EK
TIRUEE LRI AR 15 G 1) 458 WA TR ALCE AR, Mason (1966) Firgs Hi 4Bkt

202



) Cdy Fes Mn Fl Na [FPFERERAE N 5 (KR 6.1, I DI—-5 LS uREE
2% (EF) tnpd 6.18

R 6.1 KBWBARNTCRREERME H1: mgkg)

#6.1

K 6.18

K 6.18 DJ-5 FLICRIREERERE AL (Hh2k, BAf7. mglkg) AIEHER$ (EBED

XTI TR AT A 4 iR B 3 AN Ry IR 71555 15 84.7% (181 6.19, £ 6.2).

FERtr 1 7 Z DTN 40.8%, FEMF A EAKE Al. Ba. Ca. Co. Fe. Li. K.
Ni flV, WREHHAEMARE Cd. Cr. Cu Al Ti, FHRERR KAL) RN TR
BORIR. ERM 1 BEREARLS Al I Ba MIREEAR A M R kR, b bR EE MM 1
FERER T 5 A 5 IR 2 AR VLT I8 ) B 1 B A R 4

TR 2 7 Z 5k 35.2%. Cd. Cu. Mn. Pb. Cr. Ni #1 Zn X} %5 — 3 i B &
IDTHR. 35 = A R R B 5 NS SR & EuRZ A . Mn 7E55— E i i
K434 00N 0.06 7228 —F 2 059, RIFRNBATIRY I Mn £ 252 N 2KiG5h
M. Cry NI 7EZE— 32 B A SR — 3 st PR 7159 0 d st i, R HLAE 52 B AR R 5 1)
[FH, 52 B ARG A0 .

% 6.2 DJ-5 LB TLEE 3L RMG ENETFES

%6.2

6.19

6.19 DJ-5 fLICE F B bl iR AR 1k

55— R — E AR 7E DI-5 FLH 7 ZETTRTE 43em DL R IRAK, RFEIEICERRRZ 2
FRRERR 2R XA = A0 NGB s o, 652 A TE 2 R BI5Em . 43cm DL ERRERR 26 X
=R NG B s s, RIESE N & @ KM N ERFE, 0T Re RIS AR AR AR
ARG e A S /K R R A 3 o, i T 3R 0 XU = 34

DJ-5 L& Bt R S £ A2 ¥ TR Ba. Co. Fe. Ti. Sr. K. Be. Li. Mg #1V H1 Fifi EJL
SRAAA, FEA AR 1 AA/MERS): Cd. Cu. Pb. Zn. Cr F1 Ni H 43cm [a] g i
fn (B 6.18), DI-5 fL&JE i & & R AR~ NI SR 32 5idi o3 AT I 45 S AR 3
ik, UEB: Cd. Cu. Pb. Mn I Zn JREE[HE & 3 22 NRESIIIFM; Cr Al Ni BEs2 A%
TR H AR AR B R HAR SR o R R B2 H AR AR B RE A

AR (DI-5 FL) FAPEYL (XI-1 L) APk (Hg) MIRFARERM: B EHER, &K
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Y FEULDURRYI R Hy IR sl LT3, 20 thad 90 AR ILUG, U Hg K
FEB ST B (¥ 5, 2008) . EF F1 AF Uk ahEaHY Hy fREEBH—8, Bz KT 1,
EF 7£ 1.6~8.3 Wik, AF {£ 2.1~7.6 [A5), RUANKEIN I T IR Hy IEER
wER (] 6.20). ¥ XI-1 LI Hy WK 5 i &2 RAUR AL &, RS PEVE H 42K Hy
FPEERAN (K 6.21). 4 Hg F1 Al SRR R, IREHFK Hg 5 IR T
Ak, SEI Hy W FEAE S T SR FEE I 22 5 B NG ) S 80K Hy BIREEIS & . [FIFE SR
BRMERME S, FEANIGESEN Hg BFEE (K 6.21). ZHRE/R Hg 2B E.
NGB FE Hy (R &M A SIE3) 5300 Hy BAUE R 2R BT, iEH
sk, NS E) S BN Hy IR ERE N T 18.4~124.4 nglg, 2FUEERIN T 3.2~77.2 nglcm?a..

K 6.20

K6.20 AR PHALDIRA b Hy BRI . 5 42 R EL(EF) M A5 8l R L (AF) 224k

K 6.21

B 6.21 PEYLITTALAR T Hy [ BBUE R . A58 S 8001 & K BRUE R ARk
6.1.3.3 AXFEFHN TR AT E RARTS M EH)

WY SRR, i LL-4 FL TOC. TN Al TP 3T [ 4R AWt vy, [ el e 32 K A
Wi BTk SR IX NI R A A RIS TR T RGCREE (B 6.22) JFitAT T
TR MR 52

Al, Fe £ Ti 0  F ZoRIE LI R R B A R RERR £,  FOREE R 2 DT 1)
FLREARAL B4 (Soto-Jiménez etal, 2003), KMAE Al Fe. Ti ZE NSt R. AR
AR AR TGRS S TR IREREER, K BAE = N HETHBW R RHER
Ak, LL-4 £l Al+Fe+Ti BB /R E 5Hi FE<16um IV 40 & BA 5 2% P =0.74.
K 6.23 o, 1921A.DJF4f, TP. TOC LK TN 5 Al4-Fe+Ti HIEE/R LLI TG EFF, R
NGB, EIR0ER P, C M N REUEIN. 1950 FEFF 46 1 AT Byith,
WiE R NREEN, BARIE R T AL P A REE N, {HER TOC 4b, TP fI TN 5% 0
FINEER L IFRA R0, 1 TOC 5% u R M E/RLL, TOC 5 TN BB /R EL#A B
BT S, R T X— I ARSI sE, FEEAAUR . SRR BN, (HX—
I N 2805 30 DR 3 A 5 BRI T R AR RN B e th s, e S8 4 i f) AR it ) 2D 1,
HAERSHREAFERRN &M . 1976AD.J5, KHERESEIKKEMA, 1974AD.
TG 5 N EEREAE (MgCa(PO,),), ST TP Al TN 5% 0 & WE A IH & BT+, i TOC/TN
FCEEBH R TR LL—4 fLIEREREFR LR ESH U RNIE N, mTReSRE S 8£%T
EXSP

K 6.22

6.22 Je IR /AN A 3L A A AN TTRUR A R

K 6.23
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K 6.23 Je B LL-4 L TP, TOC. TN 5% & [IFE/RK

AR N TP E X, 3R T Fe 5 P LU AN F25E (de Baaretal, 1995;
Norrish et al, 1983), iX—#aE MR A A RIX 7 ity NRiEsh 5 2 m P 2
& IR TCHURE R T Fe, Al K Ti ALY b, [RIINHIE BE B Bk B A5 T (Golterman,
1988). LL-4 FLIY) Ca ik FERR R JZ VTS 245 2~3 glkg (7], KB R A /0 & 1Bk W BT
CaCOs, &5 AR LSZME] Fe 5 P MR R, LL-4 fL 42ecm LU RGP, Fe 5
P IE 2RI TIREFIR A DL R P (mglkg) = 182.412xa —211.7 (A R % P=0.94),
Hra FoR Al4-Fe+Ti BIBE/RIKE (B 6.24), iX—HFERE T HARZM T Al4+-Fe+Ti BE
IRIKFES P RMERIR R, WRIIX KR LL-4 fL Al+-Fe+Ti BE/RIKERAL, iH8EE T P
B RE MR (B 6.25),

FRPEA AL TR T2 L P HRE S, T LL-4 FLIRESUURA TOC. TN K E S Al
+Fe+Ti BE/RIKE MM 20 : TOC (%)= 0.056348 xa + 0.94 (& 6.24), r2=0.74; TN=
0.02>a +0.07, r’=0.72 (& 6.24), H:ra /s Al+-Fe+Ti fIEE/RIKIE . 350055 B 0 o
TOC 1 TN I 518 .

%] 6.24

K] 6.24 JpJ&%i LL-4 L TOC. TN #1 TP 5 Al+Fe+Ti BRIk &

K 6.25

K1 6.25 Je BT B AE R AN AR SR E TR RPUE R
AP NZSIEED SRR BB AOC W AKIHEN SR INA HLR R ANy AT 351 L i B

LL-4 &1 TP, TOC A1 TN [ SGMME IR 2 TR 3 S SAE R A ARS8 SR I . AL
WA B, AU E BRI, 15 EER IR SR8 A LA
BB 4y I7E 151.0~889.4mg/m?a, 4.33~149.01g/m% 1 0.53~18.62g/m?a [], B 511
NZEFN B E 7o R R RN T 1950 46, X 5% 8N DT R X
A5, MK BARAEN 1991 4E A1 1998 4, W BT A KEALAEAR 251916 .

— YRR ARG S LL-4 FLIV A MU A S R (B6.26), Xt 20 WG SRR,
X AT A KA R B A AT SRS AN 2 Middelburg ( 1989) 78 I UTAR A 78 IR RE R N E 52
EBE LA 2 S e 13 50 43K T A IS Sl 38 i 1 5 B0 U A LR R 2 1
IEREEE:

Kl 6.26

Kl 6.26 I LL-4 FL—4ERR RIS RIS B HLAR . ZRIfE 5

IeAh, 1970 4ELART LL-4 FLEYAE PR SIME R TARUE, $RoRBEMIE I s2m 1A HLEK I
WA A 1970 4E LA HUFURIEFAE N EXA HUR AL 7 2 S1EH. 2o 6a5a
MU AL ISR 25, 1970 4ELLE R AR R &M, BaiiRhE R &
A 3.
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A FH 2 e 2R EFR LI T3 VR B R A5 R 45 R ATIE R 1970 4 DORJE G
FEE B G5, JCHRBUAEALAL . AR 2 KB A T ORI IR 427 71 W] S 5 = (1 7]
i, AT E IR TR I SR E R R

6.2 A€ A7 Z ML ER AL 22 AR TR BT 70 A N

6.2.1 F3 % FAL R HER A0 2 ) 2 A JR 2

H A Urey (1947 45 B 57 A2 B AT S8 R 2R 70 A RSO SR 2% A O ABAR LK,
H 20 thzd fiHEAE, R RIS BRI T3 VA QL BN RPEM 2 AR TP A A A
AR FBZ —o JHEARRKR, B AT wlva e Fa G 8, 1207 E R H DR
WEFT P R R A R 2 B AL, IX R e [FIRE AT DL YRS 5 1A R BE . AL A AP
AESR AR A I VR RS S

IRz 3R AR I % P55 O (R i 7 8OAN R — RT3, ARG (R 3R T2 L o s
ABEBAT AU TR AR TR . F - JosR A R 18]l i B S 7 45 A
A, eI AR AR AL (B E R P SO E B R AT NI 2 57

R - AR (e 20k, UUE. dhdh. . 3THES, FLRAr 25
AN AN ARAL, FRZ ORI R RN . W e A A LA B4 (e A2 Oy IR
I INOKFTTHE . KGR HEE), wha g1 RS R B A A i, . ERA
ARV X EE, RBURAERAM R EER QLIEMEE, 1987).

P SN RIAN W] 390 s A 489 AT DO AR [ 2R 0 P o AEAN RIS S S, RS2 2 23 R
RN B R BB FAL R, XRRO SR FEAR A S W B, BRER
i P2 AR & 5 1°0, 1T CO, &4 PO, IR R SRR #h i C-1°0 ##% 5)
BERIR . RTHPRE R RN S (6-1) 5 i P4 S o (1 [ 2% 431

1/3CaC™0; + H,™0 = 1/3 CaC 0, + H,™°0 (6-1)
L T 18 N -
K= (CaC™0,/CaC™0y) ¥/ (H,**0/H,"0) (6-2)
U AR R 3R AR R AE B AR B8 7 N ) =AML B A R BEN LA, AT S 4k
K= 0 cacos - t2o = (PO /%°0) cacos/ (*O/%°0) 1o (6-3)

X o NERZESEESE, Kk (B0 /1°0) HeERFIR. MR R T SN A AN A
TR, KA o IR A:
a= K (6-4) IX

BAe n ANMEF AT, I FHEE BT AL E R R E B L AR .

KA 120 ROsELLHF 1°0 MR, BT LS AR R R A T AR R AR — B,
o EAZET 1. Fse b 0 REEEHRE T, M 25 CH AT P KM b 2.88% .
AR (6-3) F o fH A 1.02880(0'Neil 55, 1969).

Fe s AR B FH S (R, RIAERT T/ 8 v & 4R I T 0 4, vl 5 Al

80 (%0) = 1000 (*0/*0) wu— (P*O/0) u]/ (*O1%0) yn (6-5)
XRE o F1 S Z A I9R RN
oa - g= (1484/1000) / (1+85/1000) = (1000+35,) / (1000+8g) (6-6)

FHAN R ) B ok R s TR 25 Rl 20 1) 2 B2 SR DR AE T« SR B 32 A2 R 2R LR 1K T 2
TE R SAREE S B LR 22, A I 2 AR B4t LU R . iZ B RTESA . BRFEIAL R ik
IRIFHIFE AT 0.01%o00
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GRS P 2, AR o B SR A <. Urey (1947) A, Wi
BN (6-1) o HIRFERIR R, ST AR IR ADE R KA (BN T, L P01 %0
1B, g ik KA PR o o R, 21 P 1l B 5 R B 1 o0 R FLR B 0 T ERAR 1 SR 5
AT 2 TR AR T F 5 H R 2 P10 B0 T 6 A T[] 4 B AR B 34T 2 — R Ak O A8k
¥, EAEHE EREA AN N, AR KT ENERE B, o BRSNS
YRS T R EE: Inae<l/T; ZERREM T Ina 5 T2 U L : Inaee 1T, AR Ry i ) S
BRI T BT &5 40 F RSN, /0% o W2 m] 2 Ak (Clayton 5, 1975). Kk, #2
SE A 2 M AT R B BE N T4, RUNAEH S I — e IR BER I [ 22 P Y

JS2FH Inoc 5% 1000 Ino % T2AEEINTT LA, 78— EHOHURTEREN, /K5 R MR
SRR E 20 R, DRI TR I H LU A 7 BBl 1EHE 1000Ina S2 KA E LA 4
TER BTt —3 N IRATRERRYE T i A XA e A

AA—B - SA—SB £ 1000 IH(IA.B (6-7)
K 6.27 Fon —MNEBI TR - KRVIE, &EE&ELBENLEARN:
1000 Ina.=2.78>10%T2-2.89 (6-8)

K 6.27 JifiAa- K& 5K

MELS EiE, fEAREIRIE LT, o MBI 1. & 6.27 1Y RS 45050 M\ S0 Bk i 58 a=1
(1000Ina=0) 4, BI 109T2=0 4t.

EARA T, ZHOTRAAGWMU ERfE R R, Hh—MeF 20, HRmFEAMAR
TR £, R R IAA —E N, HEEE XN, X E 2
RAEFFARL,  NATIE R HIZ AR 78 d A AR IE 7k €&, 2000

AR, EAERRRE R EEE. . A BRI R, SooEl ®o. Yo
A0 =FikasE FAL ALK, EATR TS 82518 99.76%, 0.04% K 0.20%. ftE A °C
T 2C WiRhfaE RIAL 2, SR 98. 89%F1 1.11%. A [EINA =4 N K& BN iR [Efr
5, A9 99. 64%F1 0.36% CH7K K45, 2000). 8A DUF KRR FRLZE (Bsr, ¥sr, sy
SO, BATEEFRE R, S84 82.53%, 7.04%, 9.87%F1 0.56%, FH: 1 &Sr & ¥Rb
2 B REASTI SR, FEATMIE W 4.9910° 4E . TESR A0S, SEEAI R T 8%Sr 4h, HAT
B Ay LA B B7Sr /%0y Ul SR F R ALy (ULIE WIS, 1987).

BRER EEFE SR BRI R AT AR HERE S PDB, B35 [E 22 Pee Dee ZLHI/NET Ao
SEfr b PDB FrUEL A KR, O, DUER IERE S KRG IREE — 20l 55 = e bruk,
IXLER bR PDB ok &2 B4 1Y . EHUKFERERIA R, — R A bR
KK (SMOW) {E NbriE. FRFRILL &R AR =4, W3R 6.3,

* 6.3 BRENMERERLEME (J Elderfield, 1986)

AR O AT ) i IR A0 e IR s AR SRR 6 3 0 i il AT W R T ST 220 (Dodd &
Stanton, 1981), {HAEWWIASABITLS, TFERAMWR LN eV sty Bt
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T8 B BRI ZHIE o [RIAL 2 IR AR TS AT 1, BRI S ot ) 2% 1
AREERKKE, FEAT R 787 B 75 R & ol DLANB LR, i HL R A SO IR R
(Laser- Probe-Source) Jii HEAX Il Lok g 7 BE /NI - (Kelts & Talbot, 1990).

TIE S T AR E (R 25 70 A 32 A B R £ I EA T, RS A A A T8 LAl
AR Eh 55 o« A R IR LU 4, TSR AR R 3625 B 2 PR BRI R R, Xt v
T AR R F A 4 K R R AN ] o Bt DA TR 1 2 (8 B A B R 362 (1 2 2
F IR o370, ARG S AR B IR Eh o IR ik BRI 31 20 oy S il IR AT 4508
FE2A5 V0B B ATIE A E R AU R (AR eS8, 1993).

6.2.2 EFNMIE
6.2.2.1 #AIATARF ARz ZAF 509 23T %

BRIER SR 2 WA AR DOR A LRI B 38 DA P BRI 2k 2 RV B 7K 2t 2 Ve wh Bk R
IR S A, B AW, Ca?* Al COZ & JL I KR I E A L G
FEAE R LB T, KX B A B R IR, SRR A I v DA BB R TR
i, Vr 2 #eiy KB & BATE D TIE R 25, TIAE R 2B T, B K I K &E
M4 imm R ALK A AR (Kelts & Talbot, 1990).

ANEEIHO R Sy SRSRE S AR R AR D Sl P ) T AR BRIR £R I T Ao it e Ak
ME, SRS, KSR £ & VLT M . AR v AR T 555 5%
PR KRBT B, 0] DR B TIRIE SAR 54 F iRK — 2Bk, HokIE R A RLT
D977 T -

(1) FHOBRERE A Fph . WOES R MRk EL £h e

(2) VIRV E . BB N A I

(3) JRATEHLYTIE T R I BRER 504 «

(4) YURAE A B A A B B B B R 5040 o

THFHBA R R A0 48 HL R W] 2 ORI AL . AERRER SR . JRAE (TEHL) BRER EhAD A
FRERDURRRTY, X LKL EL AE WAV ml DA AR AE AN A e (7] 6.28)

K 6.28 WIFHBKER £ A IR e oy i s (3 Kelts & Talbot, 1990)

TS B o (RO Eh K it BES WAk Ik ZimTimiiia ook . el ATURRAE A
ey, thn] UL t i e B AR, Bt X BRI B S TR B . TR X
AT T, AR 22 et B IR 2 1 — A EL R

KERZYIFR RER BBASE WEEIRE) B f . KR e Bk
2R RSP REE A RT CAMERA RIS, L BRAEMIRRIR o RTINS EA AR S By 3 mT DA ACATS 238
AR BT .

AR A CEHL) BRER £ 2 BRI T A TR T, e EE SR EYN R84
Ko XEEEVIE L WICK RN CO, IMiE MUK A CaCOs MM, MM ITIE IR A 1. #E
JETE IR IR ER AT UL B3 3o 7K AL O0E T R T AR I BT i — 2 W B R PR B o 57
b, IFIEAE (TEHL) BRERER AT DL BIAE COL™ B 7 & SR ATE NI /K 531 /K VB A F) X 438 LA

208



JEAK N HIRAL CO ALEGA HIHL R AR BRI IR 7K o A AL & SR A A Th i A4
(3 B AT EAAERRUT TR - FK I PRI R TR £ 40

6.2.2.2 #K R E §0 1H 49 ¥ 0

FLIE 1970 4, Stuiver S5 AT J6 5@ H I AH B ER 25 1 AU R A 6 40 7 B A X
(Stuiver, 19700, {HFETFAG S IR 5152 3 AR (1 AN e 12 DA BB R #h /2 75 5 HAE KA o
A7 2 P ) L R o AR, Ko i S i) (1 AT 58 LR AR RO i o e 5o A KA
AR 7 R DUVE R AT 70 DL S0 28 25 A R X IRK AR S AT S s %, C&IEH
A RN AR AR R R A AR R 2R 285 LA KA IR R A7 25 P (Kelts & Talbot, 19900, il
w1, Turpen &Angell (1971) KIFESTE i st frh, A W7 i) ek b B o,
WA TEVE AL 3 S T BT 2 (4 T2 BT s 47470 5 » 3K 5 B J FB P K A B 24 I 1
ELHERIE,  TTIE B T ek 5 H AR IR K 4 5 5 7 25 P4

JiR A B R 6 S RIS 2 2H 2 W /K S TR 2R A 43 AL T PR B2 1) R 0. Urey (1947) 1R
FAEH, A - K - BRRRER RS FIAL R 0 18 SIREAAEA SRR, X HUNF
FH AR, 200 5 vl K IR R R A BRIR 2 MK IR R e H R (B RAEIFe 40 B, R
AR A M B (UL 6.2.1 Fi 2 6— 1) MR NIARPH, HoPTH HCS R A
SERISRR, RIVBRIRAS 1A R A B I 1 R A iR T, MR ) °0 th T
B INEYE, 2 TiER, 1R R 258 #i SR H KA e i RSO Bk R R T TE (BAE 58440
Hfi PO FEANED, M 510 MHEEIEE K LT T M, AR 1CH 1R §°0
THARFEZ) 0. 26%0 (Schopf, 1980).

6.29 73 )= I rh R Fp e R i

AR SR, TEIe R BTA 2 (A WA N, K R A — e A8k . 7T
W, HFEIKERERAL, Al 5Ky E (B 6.29), MAMELT, AT /K EW
J, MR A —NMAT)E; BRMEFKIERIE, BRI EE . BEE I A AL 3
KSR ZEAT AR, IX PR R T CME Bk, IR LS FRAS R 1) 7 St A7 5 4 . A FRKE
RS, 6] 7 H 80 (. filn, ZRAREES R WMl A — AN KRS B IR E] K 42 1000 4F
(1R AR, LI _E 2 AN R R K AR 810 B2 B8 3.5 Al 4.2 (Kelts & Talbot, 1990); ifij
FERG LIRS, Ao AR A AR MR IR £ (TR AR SRR 1) 67°0 14 5
FEBURTE R R AE T RA ) 81°0 (EFTLAMHZE 3.5~4.0, X2 i TR b B it feh % 2
IR JZ 7K 51 2 ) 4 A E FH AN Rl ) (Lister, 1988).

6.2.2.3 #KFElzZ 2053t %0 18 89 %ok

IR AT AT R 8 = L0 TR TP R B8 SRR 3 2L 0 AR AN I T LA T s XS8R AL — i
WARR LRI, B REENIA T MK R 2R B2, B R R e i e rh AU A A3z
AR BAET - ARG EEIIA T, BRIREE AR RO R A 0 AL R v LUl 10, X
e R FTIR B AR A A BE AR B = B, TR A SR L E I IR SR T B AR IR Fh A R 3R 4H
73 AR JE PRI T ok R 2 (0 K A o 34 KSR R A 2R 2 0 AR AL DR E T AR kR £

209



AR R 1A, KRR 220 4 5 B pR DA — S IR 2 s i«

1. /KRR S R A R 4 5y

KA BEK AT DA B S /K b ST e i 9 N TV, AT DL 3 VR AT A . R kAR K
T KA B K AR 2R 20 oy BB R 3 T /K (R SR RIS 2R 2 o RS R SRR 2R 1 e KR U
R ZRKIZE R, RN RS JUTAHR T2 R R SR L fE ot im ok, PR ke S
Fl— R B (P LR AN 5 . B i RE 2 o R SR N L oK. fElK 5 KA E
TR RE R, BT AR DR R s I B AR (KR LU AR 2, TRIT R 1R KR A BT
TR RS, 25 AR K AR R A PR obrde, B 8°0 =0, ik L
NI, TR 0 fesek ki, Wiz ZEF 8% KT, et L5 =2 80
N-13%0, TIMZ B PR IR 6°°0 M FTiA-3%0, FHIZ 2 20 i /g it SR e sk —
SHEH, RRETA RK R R B A A R 1t e, 8'%0 B AR RN, A
~13%0—-15%0—>-17%0 LA ZE Bk A M1 UK 7% 1 (1 50 L ZE 1] 14-30%0, (/&1 6.30). K 6.31 f& 425k
KABEAK PR FN A B FME (REETEE) B, IWEIFRAT LG W, BEEE 4 R
5180 EIRAK. 1] 6.32 J& JR PG4 KA M4 /K 8180 X Ik 23 A 11, AR eh A 7 Hh Rt P A T
s b (BARHEX) FIEg (AR 8'°0 28/, Drummond £ (1993) H3 4 [ br i 1 g
WA — E BRSNS 6 2 38 -48FHh[X 1969~1990 4 K W /K & [ Az 2 (1t 5%
B 3R RS EK 80 R R (K6.33), BHMEIR S I N, 80 H 41K,
R N-4.2%0/km, BEEN-7.0%00 FH—NEEKEH, BT 23] Bk — RPI K0,
KK 80 (A — & HTE ARk .

i
s

K 6.30 HI KA B PR RN 51 S ) SR o 21 708 ' B (48 Lister, 1988)

K 6.31 EERA AP AFRMRAD TIE (FESEK) 4 Lister, 1988)

& 6.32 J5 P RS K I 5180 X 41t 40 A B (32 Lister, 1988)

K 6.33 KAMFKARMERAS SR EER X RE (4 Drummond etal., 1993)

2+ IR AR AN R AR

MBI, KR ZE AT R B9 B & 75k B 5 SK K SC o FERAIE, DLAGER
JERERIERA Ko AKOCERFIE AR RARL . #F/K ST RERIVKRIUK, BN E R F AR A
TSR IR ZR A 3 R = AR R i o AR TR X, SRS FK R A B e 2 JLEIE
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W FEK MRS B B TR) G (PR R KPR BRI H R TR 1, /K IRl R A SN K
(IR 22050 X BN s BESE K AAAS S I TRT 38 0, W R AE RIS R M Ve, X 2 202 i
T RIMK M ZE R IR IE R o LKA A 7K A5 BRI TR K Ry o, 28R e 5
WK IR RLZ LSy, FEm I 45 R TR A K A R RSy, WK 670 (T

gx ERTR, SmaEAERRER L 610 MR EIRE, OUIRMIK IR . SRR R
(AR B 5y« SRR IR K SC AR B/ R 75 0« A5 BRI AT S5 558 o T AR [ 18] DR 2 0 A
Wl 60 B Az (15 L /S [R) (R 1R 23 1) LR B SORARRD,  SR00 h Somi A B iR 26 61°0
EHMEFHEEELRIAESF, EIREERTH AR R AT LA i A B2 R

— TS, W AR SR K A LU KB E A AN R e AL, R, IR L
P, CO WRFEWM AT LUR A B R . EX BER 7AW LHER A LI GIAHTEKE D, TR
EUTRUE AT L FE AR ek CRARZIM. MR ED. BB A BIERKESE . BIRXF 2 AR
i Aaoe R 2 AR 2 S R IE L Z REFFC, {H Muller and Wagener (1978) AN
) F A A (Balaton) 17K J5E A= BE 7 i A0 R 48U RIS 22 20 20 A8 A0 AN S B D7 A D e I iR
FERIAR A, T2 S it 1 X3t e /K ST 3503 BE 1R T B, gt 2 S i 1 ¥ A JK RIS 25 20 4 A4
Siegenthaler and Eicher (1986) ifiid R 5T VI 2 Aii b /K BLITVE B (e 2K AR 1 AH (]
L5

XTI BT b2 B A TOH U R SRR U, WS K S S A4 P, KA R I TG, D028
KA R HIK R 57°0 (M F R Z, RAKETTR. BARERET /N, W B2 EK
B st 5 B — N R ER R ARG IR, 28 RAER oM/, 28R sIUONTE
NIKEH] 1.3%. ] L2 T7 A TE N T IR, B2 E 3R Z/KIRAE 10922 CITE R
IR RS RIS, BB EHISUZMIE T KR AT, XA TR T E
VKNS (Kelts & Hsu, 1978). X —/Mr4: 80 4E (L0t BN 5 i A SUZ I R 0 B 3%
W, 8'°0 HIAEILTTIA 1%, T 1B M T 7 i YV I 2R LR AR 1
X T IRASARE CRARZNY) . AT SRud, e im0 2 45 BOk T IR BN (iR 5
KA §%0 153 . WHLKARIK 570 (BT 2 RARk, T 32 R IR P S (R 45 L. i, Lister
(1988) P AFREL I BT LUK 2 /K (IR AR 2 10, AN 58k 8'%0
TIRJE/K 610 (A, TR 2K 80 LT Ak, T HZERIER /N, iz
KA EK 880 MR EHE, FKEK §B0 AL b TEA KA RS £ AL 5]
S, DR RV AT A 1) S TR 2R 4 43 B SIS e T N K SRR R 4 43 TR AR 4k

PA b B R A A CEHL BERER, T A BRER E AR B R AR 1T =, AT
AR 22 4 IR R SR AN RN o U Bk R SR 0 AU R 2 20 4 I e 1 e I U AR LB
K IRTAEU R 28 20 43 R R, 3K BRI H 1F) s B R AR 1 T R T (M R SRR B = R Wi b2
JUKPREI . Btk FLER/KIEEE SR 2 K MR B Z2 AR, LB K B 4 R A7 25 EUAB A
B R T WK AR Ry . KR, MR A R R £ 61°0 fEA LR
HOAG 20 R TR R 2R 1) 57°0 (AT TR«

ER K Z b P Bk IR 3 ) ) e B R B R R UTAR A 1) P R AR R S S Bk R B A
SN LR R 78 P ST 0 A T PR I R o AR S, A S BRI R 11 8%%0 fB vk TR 1 8'%0
B o A A FRIE I RER S BURDR A — 2, 2 ReRITRIR G R = 0. — kg
HERH IR e A o JBORE 1) 67°0 AR A A AT B R £ % 8 R 11 %0 B IE, PR TIRT Tk, M
IK— U B2 7 R R 2w B K, 8'1%0 ki (& 6.30).

6.2.3 BREINLE

WA NAEIES MG 240 (K 6.34), EAIEMRCHEE (PIC, WHfEF ).
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KANEE (POC: KB, JUT . #E. 405D BEANEE (DOC: JEHEIR. BKLEYD)
FIEMETEHLER (DIC: CO,, HCOz, COs%). iXEERA B & MK N, Bl S
KA CO, IR, BE MR NFAE, EAEMIH N B ER R — MEAE R RS .

K 6.34 WA MR- TCHUBRE A BECE] (3 Kelts & Talbot, 1990)

AE BRI AE A A 0 e 52 24 AR 73 AT AR ELAE R 564 08 A i PR b ok ) 57 2% 2. 7 R 52D
RERWE R LR, (EE IR, T B BRIR OBk [ AL R BCA WL RS2, Jait7e, TR
A TCALAEE §'°C 284k 0.035%0 (Lister, 1988). HiIARTER &k AT RO 2 414y TR 2 3L
B AW - ARA A A R

6.2.3.1 JR A a5 3 09 4% B 4% K 4FAE

JER A BRI A RV BAR [ 57 2% 20 705 T8 7 o s AR TE A LA ) e [R) 5 2= 45 A2 Ak — 550, T8 7K A
TEMUIE RT3k [ o7 2 A3 52T B IR RS

1. KGN KRR R R 4

SEIR B N IR IR BR (R 38 400 A2 A BRSO /K (KB [ AL 2 2 00 o Rl AR T A
TR B N R R B R it . BR/KEE A AR B[R A2 R4 4 U2 KA CO, &
d3Erh CO, & & A itk G A VA S DR 2R 4

2. WI7K5 KA CO, 58 ik i

5 — R, TR AR TR (DICO fif e S i WK R T 22 e 5 KA CO,
fl R T R T o DRIE, S s LA ) 1 37K b ¥ A LR R Bk [R] S 2R 4y B4
i SR ARRIR S IR R AR A 0y o ACHHE SRR pH {E R SR CO, S ESE IR
B —WIME, COp IALHRE — MR HIIRE, R/ B I () R B AR R A o, B
AR B (B RRE A 5 B R AR, SRR B, Ea Y M
CO, B e IR Z R Saite . AT K Iy 81°C (3

3. WIKAEYI A frissh

RAFEEYI AR B BRI KA SR o R — R R & ARk
B AR FAL R R R E Z IR (McKenzie, 1982, 1985). fEJtH{FEH]
™, RN e, YA §7°C AR, MK §°C TR . (KA
15 BN TR B BT e /R P RHA AR JE L AT [R] (62 2= 4170 i 54 (Talbot & Kelts,
1991). F4h, AMIIA K BRSO AR 2> R m i K T AR JC LRI 87°C 14

4y KA RS HLIST B R A 1) T 2

I G A AR Y A B WL o AE [ 98 e U P R P s R B LU S AR AF R
RAEFEMRE SRR B KRB ICHUER 2C SR (RAMMEE IR SH 21
YO, M AERE K A AE MR 2C S BN RRRAE SN R, TR B KRR
PERRE AT, SRt o St Rz i R AN A AL A8 I e B 38 SR A A SR AR B
A TFFE R RE I o

5. JK A R I ]

IRARAZ BRI IR, 28 RAEF 2288 & °C 1 COp thSaik th, MM K44 8'°C {es .

PLE e T R ma SR AR R ER B 8°C (AR —2e N B, BOZTR IR, THLITRE I B
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HRA TG RT FZAKIE, e §7°C 2R K EEMICHLER 57°C [z hl; WA wBkm ik (E
WIFER) AT LURTEA T AN FKIR LB, B0 8°°C il N A UK IR AL KA TE IR T HLER 84°C
T REIE, U RS TE R R AR A U5 2K I 81°C A — 5L

6.2.3.2 AR B B R 2 0 A% Bl 4% F AF AT

PR TRIR L1 85°C (HHUR T UIRWIFLBK R IEHLEE (DIC) 11 8%°C {1, TMiFLER/AK
I RTCHLBRIN §7°C (8RB S5 TR 0 e VR AR A K

AU F R ORI, B RCAE 1R ) B R A M B T ), e T B3R AL
BRAK I pH 1B, AT 51 RCHRIR £ VA R BTTIE « IX PR P R R AR R A TR — AN AR I AL
EJFE A (K 6.35), X — PSR FATHLBIHAE R i I3RS, B R KA
i1 H—EIE LRI - K It 2 T TRE (Talbot & Kelts, 1991). AL = AT
OB, R R AR L3 T 2R 3 B AR S AR B N HERI e DRIk, R IS BB AR AF R
(s AR o

K 6.35 X B ER ER VA AR FNYTIE A B SRR RCA B BUR A2 S AL I S NP B (4F; Talbot & Kelts, 1991)

TESREIA RS, V2 A F0E IR NI I Bl 40 B (10 B R 10 )5 I S i 4844 (1] 6.35,
SNE 2) e AHSUGEKAHEG, V2090 T AR R SRR B AR, TR R AR, 4B AR R
RIS NS, A A RETE DRI R E T A LKk L 5E . IXFE, ZKAR ATV MR R £ 11
IR 5 R EA VLR AATE BRI S B — X7 &, SRV 2 WA, B
HRCEAE FH B S o —Fp0 kA7, BURR b/

HBEA A F R AR GI@ A . TEIEA RS, B AE B iR Sk s #2 H E L
JRBMER ORI COs™ (B HCO3) (ki N (& 6.35, &N 3) sk, MmEkm
iR 5 30 = WA AR M0 FLISTK AR R IRl CO, SRR, IX I A P TR H e Ak i —Fhig 42 (I
6.35, XM 4),

A MUK A FH X BRIR Sy it VB RS B ANTE 48, RN BT RES Mg. Fe 254 & FH
BT IR 5 S N A B VIR R o ARS8 8 BH B T Ib S S B L, AR AT DL | iR
I ARAE R, X RN E R LA FLRR K I pH (E MK . Kuivilaetal. (1989) & IIL7E I H %
T R S BRI, HOBE AT Al 3 R 2k (0 R 7 R R, ALK % g CO,
WA SEWIN. [EA%EMET, BT CO, AR B A A4 BV fFAE I AT DS 8505 AR B IR 25
SE4 S (Talbot & Kelts, 1991).

PUAEIXLE Al A ) 2 T8) B4 S B 2k B VR S IR SR ik R = 2 oy 2 TR R R B
SRR SRR (1 6.36). TERERERIE R M (K 6.36, v a), AHLEH fhitfe
B B B A BRI A T BB R EL, B Sk T R AR A LT BB R AL 2 AL 5y o FEBR R £h S B
U, IXPh BRI SR i A VA O UG, ER L IT 51 AR (9 0 BRI 3k 1) Bk (R or R 4. 4%
K A HUR 580 8°C HEE. B —J5 T, @I R BT AR R R VR, R R G A AL
JR BBy PR S BRI B M AR B (181 6.36, S ©). HHELL °C B SR NHRE,
SEAEE R ERRR D BC w4, MM 6°C WIE. 7Rl CO, if JRIEARTT K AL H ki
7, theEMBIAIEE R OB b SXBE,  H PRl H e A0 AR FH T T BB R 26 (1 8°°C M
s R AR A LB 8°C EwmIE (14 6.36).
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K 6.36 F IR 1R XS BRER Eh0 W0 R A R 52 (51 Talbot & Kelts, 1991)
6.2.3.3 A ML Fl{z & 4F 4L

i ME MR ALY SR ING R A CE A e S A RE SR I 3 s a7 1= B ME M AL 7 SR W N e s S
ANTTHERIR: Ho—k B IR A A (e SR DUKIEYSE): HokE s
PR NIRRT N BEIR A . Bl AR A K B A1 e K COy BLAK
H S LA, TR R A 1E FALEE AT LAk 4 A4 C3. C4. CAM = FiE)Z5 AL (Bowen,
1991). C3 Y ZEA T AR SFEAES; C4 MY IERR T4 Nt n LA I Hh A 77
CAM fEY) = ZL R REY), WAl N3, HAFURE TR TR, AR, W
FARFERIRAE AE VLA, 3 R R A o AN I B 22 57, FECENLR 8°C
AL, Bk L, C3 2BHEM §'°C Al /A 1l 7E-37%0~-24%0 2 ] C4 At 8°C e
-19%0~-9%0 2 [A]; CAM 2 §"3C {H1E-30%0~-10%02 [f] (Smith & Epstein, 1971).

WIAK AR 87°C A3 ARTE 58, 9-50%0~-11%o(Keely et al, 1992). HRHE/K LM
HRA CO, MBRR, FURIH B/ NEF Y UKIEY), Rk F iy
A RS T IR, ST B RS CO T AR, 8°C (EfkiE C3 iy, #il
INHE KAL) 67°C ASALAE-30%0~-24%02 1] o — RV, YA EL I e R B 1R o7 A s
Je AR I I SR & 12C KR CO, (8C= -7%0), T/ IBRE A I
fi 75 CO, A HCO® (8°C = +1%0) o X FUUAMEMIAR, Horr Ve AN A K32 TEHURR AR IR
HE MR, R RESE LA HCO®, IXEEHRE BRI §°C MW IE,
B HtE RIR SR AL L) 2 5K A BTA IR KOG R (Stuiver, 1975). HEfEA COH
B, 2R TTAAR) F RS HCO® JoikiBiiny, 8°C 18 FLRt LM . A WLF SRR B2 H: 8C
E4h, HEA DRI FUR AR i AR KIS, PhaniffE . KRR S muiiim s
B 8°C ALtk .

gE LATR, YO MU R R O7 25 (0978 4k T AT H SRR A i oA BT SRR | AR AR
AR SARAR A B 58, A R AU AS B8k 2 — . Nakai (1972) I Saurer & Sigenthaler
(1995) 43 Bl HAEMRATIRNG R, AIUREES 6°C MA BRI IEH M, ERSRE
IR, A2 A0, DU HU & BN HLA 5 2 (%@ HCO® 5T #k4A T80 LA
R A AT, MERA I, B Rt & B, AN TR B, HR
B 8°C M. Stuiver (1987) St/ -1 SN [R5 B B T80 9 G BE BT TR R LR °C
B3 thAESE, BRI T °C mifi, AWM MM . B R RWRARSETT i, t3k
BT IR R GRS, 2000). FLHERF, EEELUURHATE: 05 C4 Kb
Yoy A 5%, Ehleringer (1997) W9 1 C4 FMW S5SNI C AT H, MILLs 30°
F|dbs 50k 4, CA SFSAHMIFELE B 80%F4%] 0% (Ehleringer, 1997). % J3%5£45(1992)
St — LR G TR R 19 A5 W R R IR T SR A2 C4 M R B A X, BER
FERIE N CA MYIF K E /& B RGO L B3 = N IR B RGN IE fi
CO, Wik (RJy3E4%, 1992). Degens (1969) Y NFHEY& AN FR T AT 5iRELH
BRWE R, (H5 CO, A ERMELER, M/KIAEMR CO, e sy, SRAENFT BC
HA. B LAA R BC B IR, BRIANIEIE (Degens, 1969).
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6.2.4 A A RFEBIBIIRB ST AN

S BRFIALE (R 22 07 SR I D Oy A AT T — R S, JCHGRAE S
VU 20 e = 5 i R S D2, AR B 20 e th S 1 se gt fg . gtk 2
A LU LA 5 T IR -

6.2.4.1 #17G 693 ] b Ae IF 20

IKSCERAFFF IR 7K A1 B W TR AT v, i A e IR 5 ) B R 4 ) 7 3% 2 40 AR Al i
& EMSLE, Wik 6.37 1) Henderson il (3£ ED . Grenfen # (ifi==) F1 Huleh 1 (BAA 1)),
FEIR S AT A 7K AR5 BR IR (R R e o, Do AR BB &k () B FH 4[R]3 36 40 43 2 1) Sl HE ot
FUMZRMEAR DGR &R, & 6.37 YRR (SEED . BUUR-RghH CHJE L) AT Natron—Magadi
W CEB-H B KUk, o] DOARAE A I A p i h . SR 21 20 40 I AL SR AF 510
YA PR3 DA R RO

K 6.37 FFCRIE AR BRI R 2 (RIS R (4 Talbot & Kelts, 1991)

40, Bosumtwi W2 FEAEINAN I — AR ERAYTE S, IR X EAE Skm,
B RIKIR 78m, kAR Eh8ME, pH 14 9.1~9.6, SIAMEFEE (TDS) 725mg/L, VEARMEE Thik
FE29 0.15mg/L. 7EZKIR 40m LA 2 B IR BT o e I B th ~ 457t O v Ji A R
SRR DR R SR A DR i B b At SR kR SR UTAR AR i OBl SR AL 36 4 AT &4
W 6.38 Fin. EARFEELRRIR N P EA — BB RAGAE, (RN EIRIE R R . Wi
537 45 SR 4 P A i 2k AN RS B R SR P AN Ay R R S AR B SR I A B[R 3R
Z AV 2R A S kA tA TR LR B B T~ 4 it Bosumtwi 852 7K SCAC PRSP 17
Ho

FALHIB T84 HH 35 e T Rukwa 38 A1 AR AE Kivu 35 1 28 D0 2 TR i R 28 4 B[Rz
FMBFFL. Rukwa 12— MEARER Sh BRCPE KPR, FLUTAR A A D 2R R R SR P 1)
W, AR RA 2 A RAMHEK R (Talbot & Kelts, 1991), 2 BHBRMER £ ITAR I HAWH I 2 Bt
M. Botz 55 (1988) iidxt Kivu iAW+ & MUk, AR RHFTIN N, K2
B AR BRI SR BB . R R E R I e A B (B 6.39). HRERIR] BRAETE K
AR V0I5 G, MO H (r=0. 68) AL e SR AV I &5, (EATISR AT LA 1%
TATERE S TR IS A K45 BRI TR, st PR (I3 o I PR S AR A HL e PO RS M 4518
T WG BE T TR A Ak B B2 A /K S P A — 2 (Talbot & Kelts, 1991).

P 6.38 2 Bosumtwi J# 05 BT -4 AR IR Eh A BRIRI LR 7 R AR
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K 6.39 Kiva il 28 VU Lyt R R BR 3R M 0 B IFI 2 R4 4 (45 Talbot & Kelts, 1991)

A D5yt R R 3dE T 28 DY 42 CART (1) A AR 2 0. 4 Janaway & Parnell (1989) i 75 4%
2y Orcadian 73 Bellancaetal. (1989) X PHEEZF Higr it Cenajo 7 HuBR R 5 (1) 5% «
ARBLEIET, 45 R 6.40 Fior. 5% Bosumtwi i—#F, X847 5 tH AN Ao A i 1 R
AT IR ER k. AR 3R AH 53 2 TA) SR B BEAE SC a1 Je B 6 e« AR Ar 2 T 52 R
AR B HOIRES o X R BHIX AN 2 2E U B (Orcadian it — H Ak s Cenajo 7
— HUEt) SRIKSCERARE A

K 6.40 A% == HA Rt Orcadian 03 (a) FIPGHEZ gt Cenajo Ztth (b) BRERERN P4 BRIFEINIF G
Z & (3 Talbot & Kelts,, 1991)

6.2.4.2 #iAay K& T

R AR, B ZORIREE RN, TR B 2B T i BT il e 50
LA Bosumtwi JE1 941, B BRI AR AL BT S R AT K T AR AL S B BRI AT H A K AL
AL M ZAN — B SO TARAKAEIY, W05 A BB TS A T T i SR A3 o X2
HETRIR T §'°0 MR LB RIRE SR MK TR 16, RIS R MEFI SR AU, WHEKALAR, B
() °0 R oepiif i, SULER WK 8'°0 BN, BLHFUTIE M SCH §'°0 1HE K AL UTE
(77 AT BETT IR 81°0 B R (F 6.41).

TR UUR - K TR LA R LK 3 I B BRIR AL 5 R AR BRIR B i) 8'°0 i 4%
ALH, ST DUR ARG BT 400 810 B SRV K T .« 4 6.41 BTz, Bosumtwi i A
HITRA S BT RS IRATT A BT R A ERSL (RN T e A
%0 Mt ML T ARSI KT . PIANSEERT LS (S1. S2) IRl TR S5 A plm
ERHH) 8'°0 % SR, IXHMRRE AR — AN RS U, SRR R TR K T
MEET - TR ST RA—3Ch . AZA, §°0 [E#isin, K7 K s —h
— KK

K 6.41 Jingh Bosumtwi 38175 05 R ER SR W0 AL R 2H 4 Sk ok R
(#% Talbot & Kelts, 1991)

6.2.4.3 #FAK KR

PRI N WA K 87°0 (B AE SR AR Pt 2 /K 10 810 1, BT LAYE HB A 3B
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ANKHITEBLU AT LA FH 0 A B R & 1 S R 26 490 AR AR 7 35 7K KR

WIRTHTA, H Lo Bt KA e i s 2R B/ RZKEERE. DR+
JES A A= P T AR () 4 ) 2R L 20 A A Bk T3 N K I AU RIS B2 0 SR E, 62 Zhbo8O0 4
FLA SR T A G K P AR AR AL R i 45 SR ] 6.42 B {EEE4 128004250 4F
1 124004250 4E 2 8], JEMIAEMFEIRN 6°°0 A —ANIEMWFE, 3% 3.70%0, X5 i Tiksk
PRI S #E o 7R 4RI AL R mAS AR, o TR UK )R 2 o 3, R0k AL 7K 2
WK B, BRIk 810 (IR R R MREE, XAL sk, TR
AR, 7EBET 124004250 SEGTRP /b Uk IR R, 38 BB K K 32 BRIR 448 ¥Ry
BRI K .

B 6.42 it R B IIEG FL A R 2 AKARITIE 10 B AR Y (2) RURMIATEIR . XGERFER (b)) 80
M1 SC 1B (3 Lister, 1988)

6.2.4.4 & # KA B

TRHTSC, MUATRIRERIN 87°C (HAE B A 1F T 2K AR B A B IStk . BRIER R
B, EBRR RIS F R N R R AR R B, S R RIR A 61°C 11 B
HSEARN, R PR R A R BT, 60 A R 8C (. It
FEB PRI T, A RER AL AR« SRR R4S 2 IA) ARG JE A B b B R R A B 4
Z IR RE LR MG, TIRENNE, (AR S B EARN, RaEmmRiEr §°C
ARG T JFAE BRIR B AH S A G W IE . Rtz /e —BOoRUE, BRERER & RARMIBIEDIT, WK
SRR £ 8"3C A B R A B R ER AR S B IE , A0 T R B0 Bosumtwi W ; BRER Eh S
ERRVEIIEN, BUAREREE §1°C MRR A R AR R . BRIk, T DUKRAE B R R
9 813C VR WA BB £h S B R RR T

4N, § TSR A A% 22t R Orcadian 7 A PHEE S th g i Cenajo 7, R A= m%
R SR SR 220 9> 5 Bosumtwi W —FE 2AHOCR R, (HHAIRIR MR AFALR
PN VEAEMISR LR 61°C MEMR S —id. T HTIX A AR TR IN AR RR R 2h & B v
HE PR AAEIEHAE Y] 7iX—4510: &0 Orcadian 20, 78 HOSAHGTR Y &5 H A B R S,
JURRYH CIS LU{EAR; TMI7E Cenajo &itth, SUZRMAE SH MMM EE . Fraixi
HOUE X A 2 MK PR R 2 B s (& 6.40).

Hxk, BEE7ZERAE SRR R RN, JRARBRER A W) M T R AR N T iR
ARG . PEREE X RE, BRIRERA I 8'°0 M tizdg . Huk, e
PF R AT LRI AR BRS04 8°0 AE AL SRR S I o SR (284 . Bl nE Bosumtwi
W, WA BT A —3CH, S0 HIZWN (K 6.41), RUIMIKIKRIEMMMN. &
FERE I .

FEIRHIE, TR Y 60 MR RIRZ, HUbrE R 67°0 i HE Wt &k
JE B DA AT

6.2.4.5 & AEF I
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A DAL B R R AR RN ZE T AR AR i WA R SR B AR Rl 2y, TRk
A PR T AF B R 6 1) S TR 7 21 VKSR X e S A R AR 4k

Morner and Wallin (1977) F%idt Gatland ¥ 3E 5 ¥ /K I 5C R Ve A R b IR AU R 25K
WA ATE B R IR, AR 458 7EFE A K% 9300 4F 1 4 tH i B2 LU B E 3G i 1.5~
2.0°C. Eicher and Siegenthaler (1976) Z&i/r 4 1 VI 2 Bl /R BT LL By e rb 1) B SRR,
S N{EHA 11000 ] 12000 4F LARTHAL L A BT A — A B R IASEE A, §°0 MR
WY 20 [X [X A B 7K ST 20T EE B R B . Muller & Wagner (1978) #2469 2 1] Balaton ¥l 5 A4
By A SRR T ARk, HEIAE E 4> 3000~5000 4 Hi 1] [X $5k P 00 A T

6.2.4.6 #iAE AL F AR

Oana & Deevey (1960) A1 Stiller & Hutchinson (1980) 84 245 HIHA IS HLER (DIC)
(IR R B AL i A 7 (R g, Rk E&MT, ¥C EEma LR
I YT RS BRI R, S 308 L2 DIC T BC S EIA R .
B, SRR A E . A Ei, FiE e A R IR 2 1 e, [ERE
KA DIC P 1°C S B A, M T B S A R BR £h 1 81°C s 4
PHEFNIEEN BN, 58 “C WANFRAR T, ©4S8EEKE+H °C 48
XN, R R R AR R AR P C kS i, TN RIS (i
JEMIEhY T 8°C fWfk. McKenzie (1985) iFst | ik, MERFIE K, FEE4™
IR0, 1 2 UT0E BT AR (R 4 AR e =, T R — I AR JE UK DIC A R
§1°C H A s

McKenzie (1982) ¥+ FRZAH B I () —A>/INET Greifen Wi — AN &S FLIEAT T W TT,
RIVERTILH4ERN, B—ANETE R AT IR 2h 802 5 BTk A R 4L #10 1°C B iass,
X KA P D3I . N 1972 SEFFLG, X Greifen W75 G2t hl b 18 7%
VA, (RS /R, T R BRI R AL B A 81°C AR e

Greifen 1351077 fA UIAR B RIS R 4 4%, ANMERE R Bk S el yn = M A 7=
Ak, T HE B R WOBIAAE = 1A (R AR 4 . BRI McKenzie (1982, 1985) A& Greifen
WA= 775 J5 AR BRIRR BBk (R A 26 2 (A1 D% 200 T B A K/ BRIV A S0 H

Lister (1988) A4 Hifi = JR B AH-I8 P ANl FL o JECAT A= 0 R 8 52 AR 3R 2 2249 /K] )
B A 7 A O RR RL S 2250 (I 6.42 1435109 813Cy M 813C, ) A8 1k i 28 i ik A2 123 5 it~
SEEr s AR AR (1 6.42) . 72 KZ15d 2 14300 4E ARG RIUTARY+ (55 19T, 10. 8m
LR, BAFHIENRE, £ %, Fik, mEMAERFER K 14 300 45
§1°Cyp EERTEN KM R EL . B4 = BByt T, JEREM SR 1 §°Cy {5 Hr it
K CERHFID) PR AKLI-5%0FI12-7.55%0), I A& K 25 = B n TR i i A 7
IR FTIE R o e B FLUEAR AR B T I — s, a0y AR R A AL S AL e n T 6
f&, 1B FE TR E. IR, H=800R 5°C, & MpMEIES w7, th
a3 ARER T AP I B E T

6.2.4.7 K &3 FE 3 B AR X H R A 5
Drummond et al. (1993) 32 PR BH JH 74 J6 350 e 53 tH: Camp Davis ZH 388 Ak BR 7 13F
177 0% AR EHT, H 50 11 5-21.5%0%-35.2%0 (PDB). Drummond 25 X 4 SC ik %

BGeit T 670 AN S _EAS R BRGSO BT AR SR AR IR IR 25 5 B AU R 25 0 bt
¥eds, 5 Camp Davis HEISHrEdEMm L, KILEH 8'°0 B w7 (K 6.43). AR
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{1 8"°0 {HL 1t W P T it Camp Davis wHiE /K74 1 20 & BRI KRR 10 & BEAR
TRZ o AR v MG AN T AR M B RIHERR T 4 R AR A SAIE , WA 24 I A AT A K 32 B
THtiE Gros Ventre 1l UK R4 K,  ATTHES H e BTt Gros Ventre 8922 LLIILAE =5
2300m. 7 &R HLAE R /R BT HI X PR R iU 232, HEBL G HoBr i LAk Gros Ventre L7 1 i
1200m, 4% 1100m W 2 R AL 2 sl i it 52 R UTaI S . BB e, WIAHBR IR = 1 )
A7 Z B AT DA SR AT S5 7K b vy v B AR DX M 5 T (AT A

K 6.43 Camp Davis ZLBRIR 25 A SR R4 7 5 5 AR XA [F AR AR AR B R 6 48 R A 2= 4 o0 0ot
LY (4% Drummond etal, 1993)

6.2.5 RESLER

AAES ARG T, B REEAREE TR KAV R KA Sha st i
IR VIR OR o B R AL KR 22 BB, A A4 51 A &R A 3R 22 7
FEDURID AT ML ORAF B R o BURIAL R A7 T BAER LSO WL R RIS & IR S A K F
SEARA S R ARFI KA SR AT AR A S5 R e BRI, WIVE TR HLAUR A 32 4 B 5T
ORI T KA SR B R

6.2.5.1 #a B AMRR I E G H R EE

AU M ERRSACY/E SR INDTE A EEIAE N 0]PS e S S DR AT SV ING P/ S I E PR B S S sl D e 71
HuERA A R 51 AL A R AL 2R 248 A S T L RN

1. AR LR IR

EATTR A 2 FORIERIA MU, 2R KA YAESE . By Ll 385 5
Bio HT S MRIERA NI RN RAAE 2R (K 6.44), A HLUTURIE E R TR
PIAHUT 8N B Bl BRI X Np, A BB () 280 R 36 1 18 9 +29%0~
+10%o0. A HURSUE AT T I ERIE TR E R, RIFRE G HER §°N
HRAEMML, — N 0% /iAo HHEL IR E, AT 5N Hm, @
RN RN 5.1%0~12.3%0. KAFMIK) §°N EZF R DIN ) 8N ], @M
~15%0~+20%o0 o £E & & IR 261 5 i8] ZUR A TP I S0 AT MU, e R 3R BRI 0%

K 6.44 AFSRIEA VR EIRAZE (HE Cloern et al, 2002)

2. RARLE I

AR AR A LR SR BRSNS R . T PEAR A B 28 7 E /2 NH,
FITCASCRR N AR o B A1 FTE BT NH, ¥ LRI BLAZE PN WA HLEU NH, 1)
FARIERR R, PR NHL I 87N KRR 5%0~10%0, 1T 7% FE A HLAUUAHRT 5 4 N AR
PAEH b N AEFRIRAHUR 8°N R IE, PG BUITBWIRE 6N B,
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SAEAAE F 2 4R NOs™—N @I E VIR N SR (N, NOO Mid . Sl aifh
TEF M EYE F LR R BB ., TR EA HUBAE VAR . MR F A AURIAL 236 40 1
WAL, R NOs LU ST 4 No/NoO B 4 N 76 Rt e, R 250 1 Bk
JEH R B 2R AR Z, I8 KRB RN T RESZ IR R I NO; IR o i iJE L
O SR AT I B S5 I R 4

TEEH NHL IR R b, NH, 45 206 S 80% B NH, 2 5 42 PN IR R 00 (9O
A (ag) TR AN B R 22 A8 i ] M«

UNH," g +NHag="NH," ¢y +"*NHs
HIAFPFr, @B EIA R R (25°C) B ARECN 1.034. BLIAEPERIRS N R4
K] NHs #ERKE 3 NH, 5 4 34%01 PN.o FARA B &I R B H AR PR, g —4
W E 2B St B, R B VAT NH, S BRI B 2 b g . WhAh &5 Kk
Lk ik pH EH 5, 24 pH EAT 8.5 I, /KA e bR A L SURIBgE K. Rk, ZERR PR
A, RE R EBS Z IR AIEFR R . & NHS VR NH3 7 R A R R0 NH,H R SRS
WM 51N B R A NAR K o

B2, WARGH BRI R AT RE 5 R AR AL ER 4T, I B BIR) Bkt 5] A HL
JRER RN R AR o T FE BRI R R I, Ak RS AR 4% & A A )
225 KR TOL AR L 3 1) S8 2 AR A, 1t — A ad e AR W ) MR SR i s T A LIS 1 ) 7 3%
Ho

3. THLEHA

T 8 K AE R BB R KR TEAL A, TR ML (R R A XL R A HL
RN A BB BALHLERN BRI EYEERRRmA . WK
NH, FI NO3 ) N [FI7 2 40 A M A1, 38 SA-59%0~+5%o. TH1IF FH AR) B S0 A M B K/
N, A0 R R AE PRI SR FH AR - AR R R b NN A AR, 5K N, 1Y
SN JEML (8"°Ng=0)o MIFIREA I AL B I RIE T HHethim fis K. AL
AN AR P A IR IR EE B 57N B +4%0~+9%o, 11 ISR TARRE = A B IR
1 51N ABEASAL G 43 551 J9+8.8 %o~+9%0FH-4%0~+4%0. 20 tHZE LUK, FIE A&t T
SRR AN EE T R — . IR B E35, BRADEasERIssh, K
REGHES . BT T EFRS RS VPR R AR RS, R R R R ERIE, 5K
SFERLEAE (0%0) L.

6.2.5.2 R B4z & A #aiet b e 2 Bl

1. HIREAIS AL

Talbot & Johannessen (1992) XFhN4kA Bosumtwi WIVTARYIE WLR RS K WF 7t £ 4,
e 5 HE B BT R A B 8N B (>+10%0) (B 6.45). JTARSARIE 241045 % W 1%
MR E S A MNUR, B pH A (R TIAER pH=9.6). TEMEAMTR, It
B AN A KR, Hld PR M K EHAE. BT 23R 5RIB K FA %=
S, HERGHIK DIN & 4 N, KA YRR IS 4 N ) DIN T B B 8°°N 1H,
BASDEUIRYIE AR R E4E PN, St BB, s ffa e Kb, EE
W KB A K SENTRY A LT 6N AR (+1%0 ~+3%0). H1 T RS s 42 KAEWIK
T [ IR A E RN T, WIATTRRYIK 8 Norg B Sk T 24 235 22 R R 18N, A
e H FaE A% F (Talbot & Johannessen, 1992). Filippi & Talbot (2005) 7£ Malawi i
FIRE e AR 3 1 45 5 (Filippi & Talbot, 2005). DUIN/RIEITTARYIE B &R AL = Ak AE
+3.4%0~+7.9%0 51, RIFINL FAAMMICTR =R, W sdEs 7] (Watanabe et al., 2004).
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PRI, WIADTARY) A WL 7 36 T EAR G 1 e e PR A 224

] 6.45 Bosumtwi WAL A A HLE 8N 1 8°C %I mi3z k& (4 Talbot & Johannessen, 1992)

2. WIHEE R

BE I S B IR SRS RGURA IR R H 53 8, IEER, [FAL Z BT T s i i
TRV, BRI S 5 72 A0 BRI L3 5 T (1) B2 AT 98 AR 46 20T 7238 1 D0 o TERTZR R
P2 I W, SR A AR DR S B8R AR NO s K BN AE, 1 PNOS R X i,
A s B W SO 7[RI AL R I D REFEAS, AR T WA AR A VLR & L ERALER, MG
B E T E IR, WAAUR R R E R E R R EAERE . K, yRYa LR
(7 8N A AL T LU RER I S & 7R . AR (2005) St A A [R]3 X AR
PR 8N A, BALSXPTRIEHL 8N Ak AN X m . A TE -
TR ) - SR A AR R, DU AT MU 85N R BUNIEHT BT . KA B
EIREL VU LR 8PN ARBUNIE R, X SR AEIE SR AT K. T
50 4F A [FIT X TTRAI AN LT 8N S I (K03 I R 85 s A R 5 SRR A 00 ) &5 AT e it
B —3E CREGESE, 2005). Alexandrina i, Arendsee J145 A [&] 3 X WH1VATTAR I I A BT
SN B ARSI KA FR KT KA — 8, R R 2R R T WA K AR B8 ) 7 o v
fkid #2E (Herczega et al, 2001).

3. WWEHA

H T /KA B R A K AR TE LA, TOHVEEAA 2R AR AR DURR A LB [F AL 3R
W SR . Wolfe et al. (1999) Xk % i + 7 Middendorf WHRIRE 7T 45 R, i
PR R, BTSRRI, B AR IR AR AR, IR E R
BN FERLE. HIERORASE I, B PN KRB SR RIS, A PR
SN . Mk LB G, AT A HUR A A R E AR, ik 7 i+
BN 53 ARSI/, BEAR T B A Isadt N 509 1) - R e R SR B, A SRR AR IR A
FLE RGN (18] 6.46), M- SEEHVIIRYIANLA R R (EFEAL (Wolfe etal, 1999). [,
YAV YA WL RIAL 28 0] a7 I A 358 S BV N 1 7 s A8 4k

K 6.46 Middendorf #IUTAIA HLBK . RO 3 AIBR A EL AR IHIZE AL (4% Wolfe et al, 1999)

4. HHLFKIE

FH TN R SR IR A DA A LR R B A7 AE 22 e, L D B 7K AR R A A i A AL R
I A R AR REARE, FIE RS =] A RoRERHkJE. Choudhary etal. (2009)
EVEE Sattal WiHIBF T4 SRR BT, AHLEFN R ZRUIEEY 0.1%0~+1.4%0 (& 6.47), 45T
AT A HLUTCRIR LA ZE EE v, SHEVE CIN FIERMIF 4R —E. Murase
and Sakamoto (2000) 43+t H A& Biwa IVTAYIAHLE RIS Z=AE CH 4.4~6.3%0), 4G
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B 6.47 Sattal WA MLk R RN E . B EEAE L7284k (#E Choudhary et al, 2009)

TR AR, A5 T AN A LS CRIARLZRAE Y 2%0) A1 E AU CRUAIAL R 8%0)
AUARXS DTk S5 RERH], HARFHURET GRG0y 15%~49%, JF5/KREIEM K. FifE
Yok & AR BT A MU R R AL, B T AR A BB TE AR, Tl
) 2 R ETRRIGE TR, —FORFI S EMLE NH, . NOs™ . NO, A4, HIF
PR EEZ DIN W 5 —FOR R RS N AR, FERER, EHMN 5°N
B,

6.2.6 SEFINM R
6.2.6.1 & AR

R, BE. A5, AR UM ITA 2R — . ERETFEE (L13A),
RTS8 T2 48 (0.99A), XHAMRREEF 20 Wh &5, Kk, 82 —Fatoc
R, BEAETHEOR A BEKA . Tifea . Rl SCaE R EET . [RS8
SEELRT (SICO3) MR (SrSO,) HII LR T, XWRE M AEE T 5L R IR
MERER S o

WNHT AR AR DU AR RS E RS b, ¥'sr &l ¥Rb FEASTI R, X S B A [F) o 2 R
SEANWIIE AL . (RS BWREE AR Y, SREAL R RS I AR 58 T1% 5 0 Al WD) <8
W Rb/Sr LU . H RS A Ny fEHL BT BTG, Husk ih 88 [F A7 2R 2H RO LB S
FH A BH 2 Z5 R AR R I g sk SR a6 5 1) &7 Sr/PeSr B AR5, K204 0.699, X —LHufE Rl
HoER_EES ARG ¥Sr®sr . RJE, TR AR, AR AR KR SE AN L g
IRl E A BT S AHIE Y Rb/Sr HUAE (38 6.4), MM il &% A s A 4R R R 4H 40 A TAL
MRS, KEESEREES LS A ¥Sr/oSr M8 b EHu8 T A B Bk BE B K L B AME N
or/foor S B, AIE N 0.716, J5# M 0.703 (& 6.48).

IE R ER | %2 A B K LRI 2 S/ BAE HOANIA], a1 KA L i
KA K 87Sr/PoSr I N A AN A% 18] (AR Ak . HE K B4 ¥'SPeSr HAE  0.7092 (Elderfield, 1986),
AT BRTE A BRI K 1) 87Sr/P8Sr P34 (0.7111) (Wadleigh et al, 1985). #7KHI . 7K
MR R R 22 RIS o A [RI A AR Ak, B 1) 0 2 [) 23 ) 2 I0AS R AR AL U . TG 2 1E
VR VR 2 [l A AR T B4R A e BT SrSr B AR RS T iE A AR 1 B SrSr HU AR A — 3L
BRI, AT D St 0 B Y e A R 1 &7 Sr/%8Sr Skeals B /K ARk P AR (R A 2545 4k, AT 40 b TR
P sk FE I R, R T A . R TS 2 A R K A K o 7SS [t A AN I R 3R
SR L S 5 A S AT T o PRSI T R N

6.4 BMEFR Rb. K. Sr. Ca B FHEE (s, 197D
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&1 6.48 i 5 A3 87Sr/8eSr LR FITEAL I (37 Elderfield, 1986)
6.2.6.2 K84 8'Sr/*®Sr pbfA

KRR S By 8mglkg, (BN AR 2 4<10° 4 (Elderfield, 1986). 1T Rb [
Sr FEAF MK I K: (4.99%10' 4E), #E/K T Rb/Sr b AR, PRIMAESR (15 BRI IE] A, 7K
B R 0 ¥TSe A, K BTSePoSr BUARA A Bk TR G BT Sr/®sr e, R,
THEAEHEK b (45 BE I A R A IR (K2 10° 48) TR, PRbfe s A, Kyt
WEK I BT SrPeSr LA R4 .

1. 7K BSr/PoSr LU A8 1 i PR 25

BRI R R A, FR A A e A BT S AR IR i AR R A B A o S BSRBEA
LR i P S P L NG T e S e a7/ DT

Wit Y42 T st e 2 XA AR FE RTS8 0 T A By NI /K R, B B s ORE4R)R
TE B A B AL : 32 ¥7SH%0Sr K% 0.718, 8%Sr K21 J9+12.4%0; @ Kt Z il B XL : ¥Sr/*sr
KZIH 0704, %St KLIHN-7.3%0; @Kl A H5wh ZBRER ER IO FIRR: Lm0 25 B Af 13 m /K
17 7 Sr/R0Sr UAB IR AIG, BIV A TR BT A (K 240 0.718 [ B SEAIGAE , inEiAR 43RV /K 19 & Sr/%esr
Eef 4 0.7111 (Wadleighetal, 1985) mifgtH THekE XA MIRBLREEH LR

HEPEN R R K ¥TSrPosr HeAE st =R R OB K EE T RIS B -
UNERARIE KGN KR T 27Sr/PoSr Al 0.7092, i R s J5 T UK Bk &7 SrPesr [
FZH 0.703 (8%¥Sr: -8.75%0) (Elderfield, 1986); @igJi X il & L2 RAAEH : @K
TR & 1) &5 VAR TCRR [R] 7 o 31X 7 At AR AR AT 45 1y 22 B AR R e N 2R 7K A AT 52
i 7K 1 87 Sr/%0Sr LU .

2. A HEK TSePsr fAELL

ER SR MBI H7 S S — I B K (1) B Sr/PeSr HUAB 7R 43R K PErh 1 — 11, (e RUE
JREIAAL, 37K B Sr/POSr HU AR th I 25 N 1] S BUAH R (384K

XK BSr/fosr LA AN 1A] A9 AR AL IR B2 IR A, FL35] Wickman (1948). Gast (1955).
Hedge & Wathall (1963) #7172 A 23 T1E. Petermanetal. (1970) k& T B4E
AR EA R0 S £, /RJ5iEid Dasch & Biscage (1971). Veizer & Compston (1974). Brass
(1976). Spooner (1976). Faure etal. (1978) ZE A NHISLFIZE 1, (8 AATXT B4 wi E8 [F) 7
AR R SR RAT T S AR, (ERR T4 (R R &k, AR R AL 20 AN SR AR R, 5
M 7 HN AN E . 1982 4F Burke Z5F B SGHERI B EACGRA, X 786 ANHAHRE Sk 4 7
K, B 7R AR R DR (B 6.49). MEIFRTLUEH, B BAH
WK I BTSr/PoSr L AR AR Ak T B K ZITE 0.7067—0.7094 2 [8] o 1% I AE G AR HZ Rl 43 SFEG
AT R B R, WO A A AR AR R R T R Sk

223



K 6.49 154255 LLSkEK 87Sr/®Sr LB AR 4L (4 Burke, 1982)
6.2.6.3 7. #Kay ¥Sr/*0Sr tefh

ik 8'Sr/PoSr S5 43 AR ANIR], MG S I S [ M X I . Sk 8 Se/osr (AR AL AR
Ky X T ESRE T ST IS B E AR 7K 3 ) 5 AR A [F] B %

4, Brass (1976) 4}H7 T 2K EASFIMIH 16 ANAKRE, RBLKMAL ¥Sr/fosr L il 53
THRIEA KBTI 5% . AT A KR ¥'SrPosr H 2 L IR K 19 ¥Sr/fosr i ik, i
FE PRI A AR R 45 T b KA 87 Se/PoSr 8w, TR AT R B R R ER OB A /K A i)
¥'Sr/%sr i 5 R AR e K LA (% 6.5).

# 6.5 RFENT. WIAREE ¥Sr/Sr & Cl. Sr &R (3 Brass, 1976)

0, Wadleigh etal. (1985) X nEEK 39 ki KM E RGu KA AT HR R A 3R 24H 53 7%
B, G532 6.6 Fim. X 39 Lt A X KAk &'Sr/®osr 8, MRAEKIAS B 15 &, "L
2 NG (B 6.50):

6.6 A9 EHTEMHETFSE. USr/®Sr RME (4F Wadleigh etal, 1985)

& 6.50 HHEEk 39 4 3= B R 87Sr/86Sr F1 Sr/Ca LA B4 X B (4 Wadleigh et al, 1985)

1. KE544 (Ca: 2#2ppm)

F EAFE NS RV AR ) — S5y i, X e X B IR 2h o, B AR AR IR T RERR £
. WPEALTT IR, FEE M WERIEK E B Z A 2R, Y'Srosr LM 0.711 3
0.740 FIAZ4L .

2. E4 A (Ca: 200ppm)

WRIELER 6.6 FILLE AT N=ANTW4LE: OIHE Sr/Ca w. Y'Sr/*oSr R AL A : i
Nass /] (15). Skeend Ji] (14) A Stikine i (17), 7KAA&f ¥'Sr/®°Sr k%124 0.705. X —3h
X BRI R LT =, T AR B A A KL BN = 48, i Skeend 07 HoB AE AR FE IR 1 529% 1D
HRITUA . 29% 0 KA 17% IR N A LK. @JERER SriCa MR 44 . Kk ¥sr*sr
9 0.71520.005, 3% 1%k Ontario F1 Manitoba i [X b & () —Le i . 3 Lem] i i (48 K
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[E) A 2 5B K HRERR SR W, &R0 K EH KR EL WIIva it . @Rl A . A3 TN K
T T, B P NS KK AT #'SeSr fE . Wadleigh 25 AN, XX R
W L5t B'Se/PSr B TTER B R TRERR LT, I IIELGIA 4. 1.

S AR X K &' Sesr bl B —E B ZE bk, ERLEARSRYE, . WK
341 8 Sr/Posr 4w T [FI AR HE K (6 ¥ Sr/®0Sr {8 . Wadleigh £ N &=k 39 FI i IS 145
B, ¥Srosr AT H 0.7111, X5 Brass (1976) i i1 7 7. T by 11 26 [E %% 74
PO LETR A R PR L ikl SRR AR AL, ABATTIACA 0.7111 X AME Pz AR 17 IR
SERITR KA &SP I EE,  BARZE K T IR Bk K 1 PSS B (0.7092).

6.2.6.4 & F

AR BRI R AT 2 — T LR BOH IR, F ol W9 4 B 7 6 se ik e o (B —
AN E R K Z R, IR YStSr ARk R < AR AT, R A R
S BIAER R IR E R = S A b RS W IR E”, LR A TR
1Sr/Posr ARtk WA T WA I AR AR AL A T T

McCulloch et al. (1989) i HX [ 8K F MV A= F5 545 0TS PR AN IRGTR ARSI A T R

(FZEH Cyprideis F1 lyocypris) #EAT 7RI KA o0 0, 450 WK 6.7 fion. KR
TR FFEFE 40000 4E AR B4R T -

1. 40000~35000 4+ (215~189cm): Fr T — /Ml 2 BB IR H N HIFE S 2 A Ca Sr
=145), HARERT ¥Srsr 9 0.70955 F| 0.70968 (A Sr=6.1~7.9). %M HiA LA |
DUAIIREE, A SroBUR; BE X B BT AR NV TR R, HEKGER S BRT r  r v  E \H
Ao, B R SR E LA TR Fly FE A 8 sr®sr KNS .

& 6.7 FFEFEHRFER H AT R M ERALRAR (McCulloch, 1989)

2. 35000~13000 4F (140~56cm): A& HFE4AR 1 ¥Sr/*°Sr 24 0.71017 # 0.71039, A Sr
=12.2~18.0, Iy — MY AR B

3. 12000~7000 4 (25~2cm): S 74l ®'Sr/®Sr 4 0.70918 %1 0.70961, A Sr=0.8
—7.0. X—EFEPRE S I AABEL, 17 S E S S AN T B AR, DTRRIE SR 1%
3 A b AT AF BR 53 U6 ) g P SR A

4. 800 4E (2.0cm): #'Sr/®Sr 2y 0.70910 % 0.70911, ASr=-0.1 £-0.3, X —{H 5L
w7k BTSe/PoSr B ZE BN, Haas TSR A A

FREETEAE (1993) T Ll AR 5 BH 4D e T 20— B4R SR T o 4 R R A A 34T
THIFERRA 0, SEREM, SRR 8'Se®Sr y 0.711 i A7, SE SR
ST 7K R AR R 2 AR CO. 710D AR, -5 [RIA 3933 /K ) 87 Sr/*Sr EA1(0.7076~0.7084)
ANFl e HE R N 2 X8 R A A AR TE AN IR SR IS, e SRR A TR, H5K
2 Bty R R %)

FE— BN, ARYEHARGTAR I & Sr/PoSr AR Akt AT LR 78 AU 384k . e b iR
) McCulloch X 75 B RT3 (15 70 s R . A 140cm 2 56cm 2B, ¥Sr/*Sr Ll B4R

bORREEA . UK. 1993, T RIS — B B R B3R T R H B R . A, 4 1
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HSLL#E T, 4% 0.71034 A1 0. 71039, A Sr=17.2~18.0, X251k Sz WiiZ i HARE IR VE N K )
BRI AL Z A o B 0 o 38 X i 2 SR 1 T R AT B YA N KSR R T YR KR b 0 L A A v
7Sr/PoSr LA HFE A HIIX , AN SR T 8'Sr/%oSr LU AR 3T LA AR R b X . fH 3%
A B FEHEAIE B X — B HA A AR B R SRS A, T2& McCulloch &8 NAHTE K Z)
13000 “FHi, ZER RIS R, &R TR 2 AR b5 X R =3 0, T B
A VT Sr/POSr LA I A b R P o, 4 LA i ¥ Se/0Sr BUARL R AR B AT I K A
i, SRR Rk 8 Sr®osr .

AL, B KA o () £ O R R TR Sr S i, RTIA 2000ppm (Staudigel et al, 1985),
[ EATA 5 52 A E s . R, FERRIR 6% 28 i VB B ER SR M 1B 0L F (4L
W, WUURIH 2 AR BB A ¥ Sr®Sr 434, BEAT HUE AN FRERT A (Staudigel
etal, 1985).

KHEFER AR, BRI R RN RS, Wik, 20N HRE RS =Tk
FEREATIAT TR, IR B P )

B, TSR Z RN X THEANEE, HEWE. Z2KE. BUKIRE. A2WEr- T,
FEN KRN K A PR R E AL R 2 50« HU R /K RN R . SR A A IR T SR & 5
Wi 8 7K PR (RS2 2R 2H 50, AT S Me i A i B8 SR A0 0 () (R 2 4 2 o AR i, JSTAH B IR 347
BRI, 2R H o e 2 A8 B R B SXFE, A 3RA TR FH AR A IR ER 490 o3 () (R AS7 2% 40 23 ik 52 v
INRHIERT, 2% (B M4 R Z . SR WATTHIN, ARG, SZ0iAHm
B SRR FIAL 2R BRI £ R R R AT AUl BEGUURRS:. W AEY AL kb 2
ITERAT SR G R . BItn, Chivas etal. (1992) FIMIAHBRER bV i ke g RIS ZRAR BT &R
VIR A I A2 7 VR AT AT 22 9T, 120732 0] DAAE S — e R SR F b b IR iR A7 R e R 36
MIRETTERSIT, R AR E SR LIS 30ug. X T — AN, B R, /i
¥ UK Sr/Ca A&/ A7 B o I BRI R R At WVAAROE - VB0 RL A T B s, B R 33 FE 1) R 250 s
S HLK) Mg/ Ca 2 153 R K R4y (AR P 1 BRI L 8'°0 B 78 /4R (I
B MR, IR IEN . Li4%IE SriCa, Mg/Ca il 80 = AN, stesA B Tx
T BBV R AR -

5 R RN . QIR FTIR , £EAK - UM AL LR LK, s PR LR K 1 8'%0
EEEMIAS K, (H L 8] 2 2 B A M PR e P X R B IR S5 0 810 (A B, fE%E
PRI, FESCE AR 3G R, Big ShA o vl LUK A2 B 25 SR AR IR &, [RIA 24
IR Ty KA RAE R, DS AR e B A I RIS 2B . BT RA, 72 I AR Bk R Eh 40 I B
JE [ AL R AEIA L T, B 2 DX o i AR PR 2R3 =2 it DRI R4

6.3 B HLHLER{L

6.3.1 BHLEK

AT S A PR (TOC) IKEER W MR TR AN A S, 7]
PAFIRFRINAIA . TURY) TOC & S AR AR 50 #1708 0 A AL
MBS B o AL S B2 BIWIAG2E " 1 LA R ARAFARBLRI IR o e RE W] LA TR A L
AN B2 D, ST LU S A LR B RAFRE ST . (AL, TOC & &2 il b A
FSRIRIIA R, 2824, VIR AR AR IR RE T« ITETTRR A HLST ) ZRIERAEY)
WA (RAHEARZIUENUR B3, ORI A AEFIBEIE M &7 NIEA FLTZ 8
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ARG KLY AR, EETTERE KA, HAEEZSER. K Bt
oy SHUT S S MR SR R R . BRI R pH EXS B A BRI, XK A
Rt 77 0 2 IR TEHLRR, JFr=E B2 CO, — HKAEAYIEFE CO,, #ilViEE CO, it
NAKMERNTE, R TR E SRR GRS, 1990, FEEA PLUTHR B
Y0 [l PN 228 YT 9 B R AR RS N A LR A CELFER TR N R, — M 238 ) Bl A e ¢
RSB R AR E,  PUR R R AL (1 B a3

BT UK FE 1 3 e 7 B o LU, 2552 30 AR R TR P B 43 1R 52 1 (Meyers, 2003 )
YUTR RG4S 2, S HLEBRIR LS BB B 0 & B FRAC TEBRERIR SR it
N WRAR DA WK B (Dean, 1999). YTRRMIRLEE 2 2 M S A HLERIR B, JURLAZ A I A
MUK IR 5 384 i1 (Thompson, 1978). 3 & 7EIAIR /K X FH TR AAN BRI o o 2 A A
MU IR B 2 TR i DO O R OB DU o T A WL R R A VAl A HLTR IR 32
TRAEIS 5 LE S A WURRIR BETE AR 20, BRIk, A HUBT A% BT A i 5 20t v 2t 7T 5
BN E(Meyers, 1999). @ HERAITTREERMI R, o] LAVH5E0H Bl JEOR1TIS I P4 26 (0 AL 3
g K (Sifeddine, 1996). il FREEIAS LA AT LLMAILE A7 0 3% AR AR HET,  {HA HLR
T 1 e 1 P 2k > UURR ST G ML HERR T 22 o 25 AR 25 Kk 2 48, T3 1) A
FVER MRV R S, BRI 2 A . filln, Hodell 5 LLHR T 22 K%
ARl — A7 B 7SR fE R AT R AN & &, RIVAEDE AR I X A AL & &
/0T 20% (Hodell, 1998). Xf Michigan 1M FCtHIESL, 7R3 X rE s DU TR AN 6 % 1)
BB ARAELEKIR 100m LT HISTRRYIF (Meyers, 1993 ), Hidriit 859 J5ihy £E B T 1
B/KEZ i C#E b (BMERE 2 FKE). TEBASIRE, AL B B AT R 1],
TE 7K 2 AR 8 A 2 36 R B [t R BT DA /KIS U AR 4 Hh A6 WL =F 23l 5 L Laurention
Great SR 7K o B R ILBIA AR FFE S . MANURTTREBIEBIR, & 5L R 2 A A
WK . RZKHR TR LS i BT R AW 1Y, AR, AU R M — IR R T
IKIE R A BEIR o B AR R e TR A TOIA 2 L /NI R o e ANE R P 1T TR A=
VIS FH (R AE IR A A ) 2 {8 3R 5 A WL AL A BN I 00 2 0 2 S EUA L
JRBERII R R 2 —

6.3.2 Y ENEY

HRTHE T CLBAUESE, Mo AR s G WL I =F RN AR, Rl 2 b S &Y (B0 TF5
BV AR5 JE6 AW 0 A A X IR SR AR A B VIR OC o AR WA S8 T 38580 A L5 1) 76
W2 T UURBCAE S, kR S5kt pH (E &L WrEAEHSE. AL
G R kA — R AL, BEREA . IR, . R 2R
it AR A TG E R ERIVE 2 B, X e S ST 2 L s S F= 4 e 25 46 A A6
R T Bl da b 264 o Rk, W] DAREFHAE AR A S 3 AR A« S5 R s A 20 S 0
SRR 5 A TR B RS S AR N R AR I B S A WAL S R AR 2,
Gy FaERREAE, K E S EFE MR AN S HAES AN A KW
&5, A T A AL ER A 22 ARG T i S Bt o B A AR AR A1)
BV ANUE S DRSS AL DA S DR sk () 7 s S 55 AR E N AN 2 T o AR it
Fo, NHEZ AR EEFEIEM R SRR IRITER. REWIEE. KEEHISE; #F
TN S EEW AR ED IR S A DS A N AR Tk . S SR e [
K7 2 AT (Cranwell et al., 1987:Bourbonniere etal., 1996: i &ZE, 2003; 2= LHgsE,
2000; Person et al., 2001; Saehse, 2006)%% .
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6.3.2.1 AMiREN S EE LM N

TR REY) ST BRI LR AR AT A W B2 5, W] DU BLAE 1IE b
B RN, B, B, RO, WSS TaEER b, ERAES TR
ARIE BERIIAR AL, Bk - BREEI A TERIREE LR T & 24 R T AR S 7 T - Bilan, IEkeE S
i 77 TR P 3 4 S R v SRR, T R S 40 T R T AN I RIS, eI S R
RIVAT S ey A= W s AR AR S RAE s SN, WEAUR R R A SEAL BSR4, o5 A mE . B
BRI 5450, LSRR R SIERTER, a5 E-rEmmA, Mmsedtd
TEEE

FEPURRYIA LT o AT 2K e I IR e e e G A4 )32, B8 T T IR AE
YA 7y CAN E R, KRR &M SR EH R R I IR e SRR G, TR
WrH G H 1) B8 SRS SR 1 B BB AR kAT SRR AR S5, A 2 T T K
T, ABATYIR IR B L AR BT AR 1 32 B AE, PR DRRf e AT AR DRI . ek AR )
P S G BB B A e, BUASK B SRR AR, S E AR N\ DT bR
HEW. Blhn, PR EE. SR R SRR AR R R IR N DRI AR EY . A 4k
G HREBCNZ, ATRETR NSRS AE RN, Wm Y T RS TR
VRS, 5. BERAR AT ARAF KB UZAE, Y5115 8 0T AZE K M 5 g st rp =
A7 R A o 2R P N S o IREEAE T ) B AR . I B iR AR

(1 ERERKIGED

TR IR IR B IS 2 A5 T B DR (R R JEA 2 57 1 s e I T A
M. Bilhn, HAZRE T2, 61 10-=H 3+ 4, 2. 6. 10-—H 3+ =4, HEE. HER.
S, R R 20 6. 104 15, 19-TLHFE kel 20 6. 10, 14, 18-TLH
BB 3. 7. 11, 15, 18, 22, 26, 30-/\HEE = hr AR A M S Rk
Whe iR B A — SRR A0 & IR IR 1 F AL A, RUH-Jh B DU B 2R 0 B A=,
BURELE AR Cao FEF X I e 13, 16-— F I+ )\t

(2) fEakd

KT WG iR S 3 BRIE T & 5 Y, Wk B A BAE AR . i
i TRAGERIRE I e 55 o

(3) ik

DU RGN H FORROIR b2, BIERE. R TTR. SRORBRRER A 5T & R IR,
DA 5 B, X SEAb A ) EORVE T m S I e . SR A P i SR A F R 1Lk
AR AR ELE . B

(4) #§2k

iSRRI S R AL 2, BRE T R R SRR BE. B BS. PRFIEEE
B H LSRR Z R T KAEARY), DECRIET REMEY), &F — SR R4 DN R
TR S, RIRIE TR e KA EY, B, SKRIETHEER 4a. 23, 24 — =X
-Sa(H)MH §§-22 4%-3 Bl ; SKIETFHEFEN 3- T JEF2 L H (5 54525 .

(5) =ik

DRI i) iz R EE R SRR E R, A TR mE. R B
DA TR (RIS R BR AN o 4, R 19 4 T 1) 40 1 8 DU B S AT A . B RN =
R AV FEERIE T =55, wlan, BATER. D80k, BURGEEHE A gkt bLUECH
BEGE IR SR =B R AW . (B — S BRI =i ke, 402 i o pi DD ey AR AR
B, KB JREAES.

(6) UG
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ORI AL Y A AR AR AT DU AL S MR 2R A D3R, B, B-mA% PR BAZIRE G
TEBR B ZOR A TREEE: M FORIE TIRish Y, IR ORI TR L&l TR ORI
THEE.

6.3.2.2 AMIREN S HIARITIL

I AR, N AR AL S D 3 AR AR L T] DA ROt A S O, i,
X 43 AH S Bt A R TR A U, B2 P — A O R, Gy 7R AR AR s 36 P 080
HH, AR £h 5 AH AN = A I AE 55

(1) Ekik

BOKIELH UL OEbe A, EIEFEIE nCyr Al nChe, AHBMF WL, ARFIE
BN WOK - 2ERUKIAE MBS 32, AN AIFEG A nCy AT, REEFEERIERTIA .
K B BE K PR B IE Bt 48 73 AT 32 EEAE nCre~nCogr i R b BVE H I BRI 0 A1, &
WERRS9 NCov NCos Ml NCoge XA A1 I e 5 AN R AMAA X, HARER T8 E30 54,
1 nCop fL#, NCie~nCoy 7355 FEBREMI BT F NPT REATR T AR AR, dn A
FLEEH N, AT BE R IERE BT S WILE B SRR BT 2L S AR N A 4 2

(2) TR kel

WA J5E (Prr) 15 L JE (Ph) AR 8 A D9 I W T AR TR A B3 4 AL - 38 J5 2 At B A T 6 FE IR b
o Wikt T E BRI TGS ) HEEE T T B KA o« REREAEAS [7] 1) AL SR 26 1 T
A AR T Ak, FESSEA IR RN BN, A 5 TR IR, SR ik — 2D IR Y il
Wkt s TEIESR B PEAN TAAET, AERE 2 B KR I et e Rk, =i Pr/Ph {E fi
AANBE BT AL, TAKK) Pr/Ph A48~ A HUTUR BT JF A . MK i i e/
MERHELE LA, AAEUG: TR BOKBURK IR B R AR KT | BONRHIER) 2 8 Eh A5
DUt e IR e A S A1, 3 S 6 v AR £ 35 RARAER PR S i e /A e A T R 2 A
2 7 WG R RN B SR A0 B AN e B B 0L SR RO A B . BB SRR DT T A
I EH /D& 2, 6. 100 150 O-TLHEE =14t (i Cy) MIMESE (i Cyo), BB T & ERIF
BEHGE B N, 5 T B e R B R R B R RN

(3) Wik

BORABE P e ATVE TS, — BHE Car~Casr /KA Cos (b G5H, THEREIEHUIK.
BRIKBE: UK BT 3 b R VE A, —IRAE Car~Cas, FHEE S Bims & BUKE R £51E
IKFREETLEE e o3 AT d O RHAE, BRI 8 S TS bede 8, KR H ISR A1, Al
RE R E MU RS, B S PRR R 20 11 B 2% 36 2% (Ten Haven et al, 1985; Fu et al,
1986,1988).

TES RIS R A = AN be,  (H BRI /K A R BE SN, et o Fr) 7= H B g
W, BRI Mg I SRR T R AE B, R —FE A . R, sk
R B Y CUBON A h B PR BE R AR 5 (Ten Haven et al., 1985; Fuetal., 1986,1988).
L 45 N (1997 )7L VL IR [E SIS AR 45 10 12.08~5.55m A6 214 o & B I et o, 485 A R
I [ A 2E 9.6kaB.P.&k AL i 1R -

(4) HER

AN TR ER FEWATADTRR A AR 5 B2 00 43 AR FIZE R ZE AN EE IR R, #BLL Coo FI Cop (BN
X, AR T EEEYAERIR SN . TR I, SRR E SR b A A AT A
H4-F R T, T 4-F O 65 06 10 B o 1 B R AR PR VROK IR B TR 1, 4- R BE S bRl
RV F . AR STAE R, W R R DR R BT AR IR Tk R B o 4- P K8 Joe
B R = A B R W BRI A 1) 4-F R S e R 0 s & Coo M1 Coo B, TR AN R T e g
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FRETRIITRD, XA AL AN [F) A AT BE Ul AN R SR LA 5T T ZEAE %) R B R A AH TR o

WRAE T AR S, AR IERE . KR bk, She. ke i 2o oA i) PASE
A KA VIR A E Y AR B 25 B . 3R 6.8 FH T & Rty AW AN S IR (0
RS B 5 L

6.8 VIR ENEWSEETHE SRR Mz, 1991)

® 6.8 LWbrEAEMBSEGTE SRR

JS2H B3R A= bR A E DI S H0T DR 7 s o\ v 36 B /K BRBOK IR D URR A, R AT IX
TR IKANGIK = FJAEARTORRY) o £ w8 88 K BURUK TR SR, e B E AR Sk
DAL SR T R e (R R A D18 4R o 5 PO e B T3 e (R S A OB e Fi Mo K
T Do BRI A 5K - AR XA, FEEERIE ORI 524+ i
AN R R SRR, NIRRT WY EREL (Corn Coo) B, miBREE
ek 73 A (AT BRI SR Coo S BEIEH4 S5 o WOKITR 5 AR UURRY AL 2 [ AN b J= it
B, DRl A A S B R R SR A AR S S

EEERNL, RIS R R P2 T KB, DORBBIRKSE
HEAL S SO TTRRE B — &8 20 o DIRTR AR S AR TRV, W i i1
B TR T BE B AN BERE B AN DTk A2 #5480 . E Michigan 0@ AT inER IS S 1 T RF
TR A, DR bR e, KA SRR ST Se b i (Meyers, 1993 ). AH S, KA
T REAE AL AE B 2 /T QI Z AR

6.3.2.3 AMirEN M ELBA

1T T4 EF S0 R 2 0 A ) T 2 K R PR Y fib, J5t 7 e

Brassel S5 AR # Cay.p F1 Ca7.3 1 AN AN 2 57, FH SR A S5 b 5t 7 52 ek 98 /K 38 1 35 B ( Brrassell
etal., 1986). I/E UL, KEERANMLIAIE S5/KIERAIS, 52744 1 AE WAk 24 F R 1,

I ERHRBEASAO R, [, Y5 (0 (b 4 S U TR b R
AR EAL I A BT HIXT Eebe, IF ELYS H0A RS RI B RR R AR IE | KR UK

DU ERALS M, P RIFIORE YRR, Yo Hebs e SR A R O Bk 2, R

(X 35k 75 2 3 AT IR BEAR E 5 1K 3 2 7 R B AN AN i 1) 7 28 AT e A7 A 2 2 1 AR W pth 2
Ar S (Villanueva et al, 2002; Cacho et al., 1999; Ishiwatari et al., 2001; Bac etal., 2003).
ARk, —Se AR IT R T AT KRR B 7T . Cranwell et al.(1985)

KIVTEE G 3 MR AP AR AE K BEER, Zink et al.(2001)8F 70 7 2 [F . S AL SE R 27
MRACHER AR TR, DARAEE . 55 EFME D Wi 4 ANEa AR, KK %2
B A TP AR KA ET . Innes et al.(1998)HF 7T 1 $I8/ak Pollen 514k I i M5 1815 4L,
FNRACGHIERE ) 504 Li et al.(1996) K LT HFHI (R IK - UK AEE R BEIA T . [ 5
SN (1998) 41 I8 [ Bt B IR 2k A SRl /K I AN SR AR P h o3 A A KBRS IR, LA ORI o A S i
FEUTARD A ) B A AR, A5 46 A P mT e el . SRS KBEAN VAN IR 7 B AE W ve A
forth, AEARXT TR U, AR R PR, HRERURIE v RIS R, I HZ A& H b
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F T 5 W AR R ) B A, FIRTHR Y, BRIELEEAL, ABEATRIER 1A A SR AL ]
RESZ BIAEWIRIR . 305 550 2 A e R R AL 2 (Lietal., 1996). #1545 (2004)7E R
WS BTSRRI 1) 9 MR £5 AL 5151 JZ DUARY) TRl B I, R IR T A
ZIUE A B AN TR T 5 90 DX~ S50 FEE AR DM e B, 1T e 2 AR v R 4 e o IR
FER B Z B AIRIR .

e p TR ARG, B TEYA DR HLS A B RO RS B — T R ),
WHA] F-HRA B B AT PR R 5 B S Ik S b X v YR BT, — B B DU 20 1 5 (A st BR Ak 4 AT 9
WK HFR. Hr, Kawamura and Ishiwatari 3835t H A EEE W _EHE 20 m 250 g i AR
(R SRE By A=A A E AT AT, I C18:2/C18:0 1 5 i flky A A AEAE — EX R K R, $2
HARIRR A B SEEE O, WEEES TP RER e E (Kawamura, 1981).

6.3.2.4 AMirE b g B Hik

WU A HLSORIE RT DL LA B« W5 i R PR EAED; tH0] DU iRk Hh s 1)
FEAK S TOKTIE FAE ) DA R i A S o AR A A b IE R e SR IR 43 AR AE AN [F] o S5 5
55 (2009) M Hi I TR A HR A HLTT RLEARREAE , R Z 8y s SR o o = BRI R =
ANIRETEAE B, o B (0~20 em)i i Hiid 5% TV EIIIA & SR R, BT EHL
R B TS R AR B bR oy B BRI AR S 1, IR B TR A ML DA B
PSRN T o DURRAE T SRt Y5 s SR A (P N A AR S a4 AR K . UK FNER
S KT N JEAE ) (P N AR 3G, AR A B BT AR DTk n . Ok, B REE, AR
U I 2H 73 DA 25 R B A LS R B YR N R 2, DA R SR BRI 55 1) s i BT i o
WA R MR TR 2E 3 48 7~ HA PV AL A AT IR ) D ik R =, JR 0 J2 BAAE AR X S0 R 4
BUETEH - FEE N, WIAAEYIbR EAEPDIESR T I N TE TR0 & 0 1AL il B 8 57
AR SRR, R B T U4, VR P UEAE LA ARG 5 LA ) N 52 ST K
&, G FARARPIFHET T, RFEMOHN T EEERMNE.

PhPHEEN (2004) T8N B PTRRES FLAAIRAE SoA WL . e B AR DA R VA g
PIRREC SRR TE, 1B T i%KIE S R R AR R = A B

BrEt—, LI 25~16 cm #H24T 1898 4F-3 1946 F. 1ENEFHEAN & E —HHEIK,
[ ISP VA DR P ) A AU & B P A o R LR TARGe R BAUSIVE TR BLE A2 2K 0
i A SRR I B . MR Cos/Coe A 0.51, 0.34, 15t BH IR B A KT /K A B4 5 i

EZEAE YA EL AR A D

BB, FLIE 16~9 cm MH24T 1946 F3 1972 4. KiFE MNBHLIZWIA M, ZLditEk
PAZBY B R A T AR R S i K B, U BOK R L™ E . KIS R TARpc 1X
PNV R, 1X—B BB vau AR A AU CARE U5 A BT o = ZEHAT o (R R L 30
ZU, P RV FIAE, R IHIX — M BOA HUSE ARG 5 A 2 R DABE SRR O 32 22 A
ks

BrEE=, L& 9~0 cm MH24T 1972 4E 5 2002 4F. H3 EAMEA 70 FERLCSRIEAE B E
FRAL IR S . SRS HUBRAE 19 el K F 20 tHhad 70 FARWIZ (R SEAGERE/E— A
SRR H B E RN . HE 1972 FLLE, SEFLSA UK 20 2R REs, o
BN T 2.5, 2.9 ff%. 20 th4d 70 SEAR LK TOC/TN EU AR 78 38 A5 T o b T EL AR I 7K

231



FEINT.0; IERIBEE D Cop, TARue B T I H B AIME 0.57, FRIIIXBIN a] P 325
AN WA DT A HL) £ R (18 6.51),

K 6.51 HHIUIREL AL 2 FR bR B 0 A

K] 6.51 LIRS L 2 15 5 T L4 A
633 8 &

EYERIETHE R G, BT R R 0 IO K AR, W43 38 (Chlorophylls) 5
BHEE N (Carotenoids), ‘EAIANE T /K HAREE 4 f, R RECRAFAE B DIRR
ANFEHEY BA A F R 3R A IR RY, RIHAR S YA R ) Hh 2028 1 2 B R 28 T Ak S 080 ¥ 1)
WIZA =77, 1 AT S BB VA S IR, AT AR S RO A AL WA A 1 S
S, IREAVE IR MR A OC, HZ B AR . PRl i iAot
B REE, SEUIRRIERN IR, Hmilva s SE A 77 50 S B S RFE . BR T
RN —FA ARG 2] 2 S (Fhleeh, 1992; FFiEsE, 1995; 4%, 1996;
KPR TS, 1998; RAUTRSE, 2002).

Swain et al.(1985) ) TAE(E1SFI A /0 e e FETE o] DLt i AR J LR 36 4k oL
fIAEYI(CD). A% FR(TC). WEMH R (Myx). B £ (Osc), L CDITC HfH.
Osc/Myx 1 EGAR R oK 23 fift i -4 25 B A2 45 B (NC) (Swain, 1985). B A . 7 ikHIA
WisiH, FeRlZE 1995 FLLK, RGBT RS RGRAE G (HPLC) i 7 iE i
F B TR RS SR

6.3.3.1AREF A THAET TR

Gorham F1 Sanger X B J& 7525 ] (13587 AN 5 [l R0y 72 A B, 7K 46 7™ 5 1 B J 730
B TR HTAR e R I B AR i T AR ERAR B9 17 (Gorham, 1967). Leavitt 1 714 B -
BATTARY S AEE ) B-#HEE b AR 23K a Slva T i S AR B & A 0% (r=0.56 ~
0.65), MM B+ T ARKRMPELHLRIR b S4EET T EEEAH % (r=0.563~0.55) (Leavitt,
1993). F] WA € IR N — M aT 48 7 i e A M 2 1 0 . Zullig s, x5 T e
WA A7 77, DU R S 2 S AT AE W T g LA LR S O BURR W FR AR (Zullig,
1981).

A S AR (2 32 PEDTRE O AR 2R T R 53 (1) A0 7S DO A B B

55— BONFLIR 30~22cm B, BFAIZIA 1900~1927 4F. 7EMHBUS R & B R AKX
SRR, AR IR X AN JH A AR 72 D3PI, DUAR A MUK DA I 32, 5 SR
ZREEEE KRR, A T 308 RS

5 BONFLIR 22~15em RIS EEZN 1927~1950 4F M BCS b RS BIE
fir b F+, CDITC 2 FFEEH: Osc/Myx %, Sz BiaI g A r= 71 a6 o, AR
AU TTERITF UG K, AKAARE FRAKP IR a6 I .

5 =B BONFLIR 15~4cm FREEFIA] 2008 1950~1988 4, 1% Be s (o R /K ST 7E 1 25 Bkt
TR HERETEA R /KF . CDITC Ab-T U8R, 1T Osc/Myx TUIAL-T T B a3, 1t BHAZ N H130
TARIR A= 77 e AR A LIS AR 2 KR kAR 8 SR R R T e 5 1957 AR
F 10 5, RIS KL A B 4, B 8 P B 7K AR, DA R R T, 2R 980 J 200 1 IX TN Pl e Jee A
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VUM BONFLIE 4~0 cm |, I AIZ)N 1988~2003 4R, fEMLBYEL & O R f/Fr B A —
HHr CD A TC #m, BEEIMIAAE = IR e R m7K s Osc Fll Myx 3 2 N & 34, Ui B i1
TR & B IR B A BT, (BN 4ERETE A 2 = /K- (# W %, 2005).

6.3.3.2 AREF N B THREE /R

i VUSEAAT T- 257 N TaRS, NREPE . il B RE AR L DY SR LR B R T R .
TR TR 1097.6 km? & b X 552 K IV KHIE K LASK, DU s A — BN
S A, TR TR N BT WA DT, DRI M DARR $8 RS BT B DTS A REAE SR T s
o BRETZENARHE LRHL R, DONEF VU TBEA )\, LA E. 55— A AR Hi8 389 1 %
APIRLE, W U T IE4 T4 . PR (1997) 55 F F 36 )% 28 B RAE 24 g Y
WAL Ol A& Par GRulgh) 23 sk ECT 120em JIRARIRE S, R IR fabr 7
Mr, WEREFER RN, YIRS iR (R I FRARLE 2450 aBP LARTHIAEAE, #E— 5T RIEHL
Wi B S A NIRRT =0T B, 2450 aBP JT44, ViR B A WL YT B2k,
SEAE I e DU I8 BT 2450 aBP (1] 6.52, 6.53)

%16.52 fRltil il € 3R S A WL ) 2 204

P16.52 fule Ll il T € 2K A A LB IRz 3R 70 A1

£16.53 MhLIFIT 3, CINKANUERFALZ 7 A

K6.53 MuliiHislm R, CINKAVIBRFEN &40

AR i AL T )N PG, PR BE T e T RS 1T RSP W 6 A 334 pl i B AR 3L
7N, BARSRAT A PG PN F g 5 it 3y, AESRR NI T AR R AR L X R BRI 3 R v AL, A
Ty B R At N IR X0 AT FUIBk A [X B vl BRI SR F X, SR R 10 /R i A 1 KA
FREAIM . 1992457837 /R i L JR IR0 14 B 40 3km ) 9T 7 2t TRHAL, b ila ]
BB . R CIIAE RIBEAR IR, B T iZSLERE B AR A1 . DURE 2 A 55
AR ED IR, 7EHE, “CHEAR (37630+£1070) aBPAL, FRAFZAL B VI 5 45 /K 36 1k 0 (4
VIREAIESE (£ W&, 1995), JURRMIP I &R LELATAY) . B2 N RAE12.4mE IR
A, WAAHBRE IR b T XA E AR AL B K AR (1516.54) -

K 6.54 /R it M BGSL TR A BRI AR ) 2 1 224k

K 6.54 /R b M BGFL TR OB AR B ) 2 17 224k
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Mn 720 748 836 1839 286 825
Na 14200 10847 9723 11534 7892 9891
Ni 49 30.7 30.1 42.3 49 29 40.6
Pb 16 26.5 26.5 50.6 64 24 471
Sr 278 95.6 96 100 118 83 99.7
Ti 3800 5246 5219 5437 5945 4320 5395
\% 97 89.2 89 99.1 121 84 97.7
Zn 127 50.4 50.5 217 360 48 193.4
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#* 6.2 DJ—5 fLFTTRE 3N EBM LEFH/S

PRy K12 K73
Al 0.76 -0.45 0.21
Ba 0.88 0.14 0.22
Be 0.81 —-0.46 =003
Ca 0.81 0.12 0.40
cd 0.35 0.89 0.00
- 0.80 -0.14 ~0.22
O 0.35 0.46 0.01
Ca 0.55 0.77 -0.07
Fa 0.75 -0.34 -0.84
Li 0.79 -0.48 0.03
K 0.74 -0.28 0.33
Mg 0.23 ~0.28 0.00
Mn 0.06 0.59 -0.64
Na -0.73 0.18 0.24
Ni 0.90 0.45 -0.04
Pb 0.26 0.62 0.01
Sr 0.02 0.03 0.39
Ti 0.42 -0.63 0.26
% 0.71 —0.67 ~0.06
7n 0.20 0:72 -0.04

o AEAE 82 5.7 1.7

2El§3\')0r'7;'i#jk 2 40.8 35.2 8.7
0
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% 6.3 BRMEBERERLHE (F Elderfield, 1986)

Frifk 875y /sy

RER — — B | TS & 0.70800
NBS987 SrCO; 0.71022
K 0.70920
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+ 6.4 ZBFHEA Rb. K. Sr. Ca HIEHER GREER, 197D

R RB K SR Ca

o ppm ppm ppm ppm
LA 0.2 40 1 25000
ZRFUAA 30 8300 165 7600
LR 110 25200 100 25300
- REEAE A 170 42000 100 5100
E K # 110 48000 200 18000
i H 140 26600 300 22100
b H 60 10700 20 39100
W H 3 2700 610 302300
TREFRRIR 3R 10 3700 2000 312400
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6.5 RENT. WIAKRET ¥Sr/fSr & Cly Sr &R (3 Brass, 1976)

bR ¥sr/%sr Cl(mg/1y Sr(ugfl)
1. Wailuki ] (E[ED 0.7036 3.8
2.Russian ¥ (MK 0.7053 55 94.4
3.Nile T (5 0.7060 19.2 234.9
4.Eel 3 CIn&E50) 0.7063 46 3232
5.Mad i (In%EK) 0.7066 2.7 306.1
6.Colorado i (£ED 0.7085 45,0
7.Brazos i (3£ED 0.7086 63.5 562.2
8.Rhone il (GEED 0.7089 9.4
9.Red 71 0.7090 61.7
10.Wateree Ji[ 0.7096 10.4 40.8
11.Po il (FEARFD 0.7097 13.2
12.Mississippi 7] (E[E) 0.7101 16.6 3255
13.Amazon i (E2pE) 0.7110 2.8
14.Cauveri 3 C(EPJE) 0.7130 14.7 317.0
15.Susquehanna ¥i] 0.7137 109 226.1
16.L.Superior i 0.7146 1.4 23.8

o BPEAER, PR 6—12: FRIPUEEIE, HMh 14—16: RIEGEK,
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%66 MEKXI9ELEMRETFSE. USr/Sr RFRE (4F Wadleigh etal, 1985)

DS Ca cl Sr =y

bEIR/ &Sr/%sr

ppb ppm ppm ppb m/s

St. Lawrence 298 29.0 24.0 137 0.70946
Mackenzie 291 33.0 9.0 175 0.71102 9189
Fraser 159 15.0 2.0 80 0.71195 9170
Columbia 171 19.0 0.8 74 0.71563 3040
Churchill(N) 34 1.8 0.5 7 0.71757 2465
Nelson 239 23.0 10.0 75 0.71463 2230
Yukon 264 28.0 0.5 108 0.71616 2145
Koksoak 28 24 0.5 15 0.73013 2120
Saguenay 24 4.0 0.5 23 0.71308 1657
Nottaway 39 2.8 0.5 11 0.71855 1362
Rupert 23 1.8 0.5 7 0.71832 1032
Manicouagan 45 1.6 3.0 12 0.71686 881
St. Joun 99 12.0 2.8 59 0.70977 866
Skeend 89 10.0 0.5 71 0.70460 839
Nass 106 12.0 0.5 97 0.70540 836
La Grande 15 1.0 0.5 12 0.73455 820
Stikine 166 17.0 0.5 58 0.70542 775
Eastmain 20 1.0 0.5 6 0.72845 703
Severn 173 17.0 0.5 34 0.71818 663
Aux Feuilles 14 1.0 0.8 10 0.73471 630
St. Maurice 39 2.1 1.0 11 0.71121 607
Moose 194 22.0 0.5 12 0.71323 601
A la Baleine 38 3.7 0.5 14 0.71647 593

Grande Riviere
de la Baleine 14 0.8 0.5 9 0.73844 517
Petit 35 1.9 1.0 13 0.71045 517
Mecatina 168 18.0 0.7 23 0.71996 507
Churchill 26 0.7 0.5 8 0.72910 493
Back 35 1.9 0.5 14 0.71882 478
Thelon 37 2.2 3.0 23 0.72579 427
Kazan 179 17.0 0.5 22 0.71769 400
Winisk 29 25 0.5 12 0.71630 400
Moisie 209 20.0 0.5 63 0.71191 369
Porcupine 38 1.2 0.5 9 0.71854 366
Aux Outardes 10 11 1.7 8 0.72638 355
Arnaud 225 25.0 0.5 36 0.71769 325
Hayes 32 13 0.5 12 0.71307 328
Hatashquan 162 16.0 0.5 26 0.71402 271
Attawapiskat 79 6.0 1.7 33 0.71647 60
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Harricana 103 10.0 1.8 38 0.71703 1295
HAFHE 176 18.0 6.8 84 0.71113
IR E
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R 6.7 RFERSHREE T A RFZAERBE RS RL R (McCulloch, 1989)

R 8sr/®sr ASr
20 0.09112+28 —0.1
20 0.709096 +25 —03
255 0.709385+25 37
255 0.709614 425 70
255 0.709180+25 08
255 0.709234 +25 16
56.0 0.710337+25 172
56.0 0.710393+25 180
80.0 0.710131+25 143
80.0 0.710147+25 145
91.0 0.710051+25 131
91.0 0.710047 +25 131
91.0 0.710164 425 147
91.0 0.709984 +25 122
91.0 0.710137+25 143
91.0 0.710071+25 134
91.0 0.710063+25 133
91.0 0.710163+25 147
120.0 0.710142+25 14.4
125.0 0.710143+25 14.4
125.0 0.710138+25 14.4
140.0 0.710170+25 148
140.0 0.710177%25 14.9
189.0 0.710147 %25 145
189.0 0.709681 + 25 79
189.0 0.709646 25 78
189.0 0.709635+25 78
192.0 0.709635+27 73
192.0 0.709572+27 73
215.0 0.709552 426 6.4
215.0 6.1
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K68 AMRENEWSEHE SRR Mz, 1991)

#5:3: 6.8
24 ik SE B FaoRE X — R
ER A0 B TR R RIC & | YA RN Cyp FIER, &%
m/z 85 TV Corn Coo Bl Car FUEM
BRI, XU TR N A IR A TR
Ca1/Cy7 NnCsi/nCy7 m/z 85 AW <05, R KE WBHE RS FEN nCo & S
BEEMAN, H>2, TEAR | WEE nCay
EELYLE TN
Pr/Ci7 IR Jt/NCar RIC YR KT 1, B TEBe 2R N, Il H R IR T
N, EEEREERR MG | R EABRRIEgEER E, S K
b SRR R A R
Ph/Cs T HE/Crg RIC AN, T 1A v L (R S R A SR A R
A
Pr/Ph T Yt/ M e RIC wHIEE, HANT 1 ORIE [FIREZDURRE IR, R VE T 4t
JRIRE #, W SRE T KA A AN
iCo3+iCap Cos il Cao 5/ | m/z85 FH e T SR D w2, 6, 10, 15, 19 A=+
W Be I o R S BERVE T F e
P Siifens
B/nCy7 B-#1% MC17 | RIC 78 e B-#A%E N7 e T8 JR Bk
[SE 2N ]
CnlT ¥ CalX ke m/z 217 AN A R, %o AR A R UK
Coal T Y Cog/ZH 5t FHIN Cal TR, CalTH
Caol T Y Cool T HSJt RN, T RE SR
FARFERIEES
20S%3 Cao 0t0L 20 S/ m/z 217 FRIAFE, B A BE R 20s, o B BREBLHE G KT 2
B% (20S+20R) M, ~F#51{E 55%
Ca aBB20(S+R)/ m/z 217
(apB+aaa)20(S+R)
4-FREE YCy-4- W K | m/z231 VRN, 4R b 4-FREE (S e 2 A PR P s 2RI 4-
KedREL /C29(20S+20R) m/z 217 178 TR P B £59 2 1) Bl 740
20S+20R )5
HEHEBETRE | (20R+20S Cpy EHEH | m/iz 217 B PR i LU AR FT RE fE Rl T B AL S5 RO TR 9
$t) (20R+20S Caoia AR IREE, M BONBRIE | (At EHEELE), [FIRESZ R R
i b¢) VTR EL
BRI hE | Coop /X Co H | Mz 191 IR v EAE () R B AL FEARLRS T SRR i N A HLJSE
Bt m/z 217 (ISR PN FRIAR N & BB U, T RE
4 TR i
Balop | PotikilopiEte m/z 191 PRI Ry AT
225 Csy o B 225/ m/z 191 FRCARE Bl HAE R, AEMR T 22R [
(22S+22R) ARG 0-60% BRasE ) 228 #RIEEAL
Ty b $5% i B i b JaBCao | M/z191 LUIE PN FAFRGE o A7, (H PUSIK

g
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4% 6.8

THEE beta s C35(225+22R) m/z191 FER TR, & i Eh PR BE R 22
TH7E)%5%/Ca2 BRIk Cas> Cas>Cas # bt 70 (115
(22S+22R) FHEEKE BV
U " i} GC, KRR * WO & B OO
a5 U Ug_ ([Car-]-
37 [Cs72] RIC

[Ca7.4]) I([Car2]*
[Ca7:3] [Ca74a] )

U 3k7 =[Csr2]

/([C37:2] +[C37:3])

(Prymnesiophyceae)
E-huxleyit 1 Goceanica 25
K AZHE I KA oA
PRI FEE 5 B B AR AR K

¥

OO i 1
G (| [N £
G
- <
- ' )

iy 1l

=l

TR AT/ 5 AT c—

fr W A1/ 2
G

ISt
1 1

- 7 3

Ly
a

VRl

10 20 30 40 50 60 70 80

2 1 A2 15 FCTA

90

100

B 6.1 A EEIA TR S S N Al A A CIA L EEL CRfz: %)

CHrEESFFIR P01 CIA #5 Nesbitt and Young, 1982; Nesbitt and Wilson, 1992)
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v ik Rb Sr Rb/Sr TOC

APC

(%) (mg/kg) (mg/kg) (%) (vPDB%)
“CHER 0 100 200 0.0 0.4 0.8 -30 -20 10
o (yrBPP 40 80 06001200 0 8
20 A
40 S
60 "
80 ?;O
100 v%
120 4
140 N
§ 160 = 4
180 €
# 200 %0
220 &
e 240 §
260
280
300 &
320
340 2
360 .
380 o5
400 :
420 ®
440
460 &
480
500

D*ﬁ P DI V| w b #5
— [ Jrmmn

Kl 6.3 5% CE—2 L. Rb. Sr M HAMFREEHE bR L

m P58 1 I o
5 A BT
7 4 %
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Rb/Sr{i WEAL 3 (< 107) (SI)
0.250.38 0.500.630.75 40 60 80100120140

L, 1 1y el sl

0 1

£ /a BP

i

K 6.4 TSHEFUIRE O R / St FIREAL R A3 A 2R (£ %732, 200D)
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B /A6 36 TS

[ % o B
44 Q02 . |aBP]
40 60 80 |40 60 80 20 40 60 20 40 60 |10 30 50" kio®

| = CI/E 1 7 K +Na"/S Bl 3y 50575 91 s
(107) (10 (10%)
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A O | w

35

1o +

]
I
J I
+ + +
45 1——— 23
50 F———

-

T

K] 6.5 ZZ/RVFEH CK — 81 FLAKIEMI MR A0 B oty S X (Weoeids, 1990)
1. F4hl 2. F5 3. AIXHEE 4. B 5. ik 6. AMALE 7. KPR L
B. it C{H. HERILZS RIS

1.00

. |

Yb Lu

0.01

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm
¢ 1.5cm A 51.5cm o 106.5cm = 156.5¢cm
" 206.5cm * 301.5cm o 306.5cm 4 346.5cm

K 6.6 HIEEW QHL LA e R At (i sh 4245, 2003)
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HAC WE)E T REE (mg/kg) TOC (%) - R4 (nom) Bie B A9 fE 2O
(aBP) (cm)

0 50 100 O
0 5 (6] T 1 r

5 14 23 32 41

A e T

15754 50 A A% W9 11
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27124 1004
T iy g 29 45 K

38484 1501
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II LG 399 (i

4984 4 2004

I i

I
61214 250+ ey W T
72574 300+ .
WE 1
I a
LS W91 1T

8393 < 350~

K 6.7 HiEH QHL FLFE LT LIRS TOC. R BEFR A7 S ML) 8500 SRR MFREEARL (4 sk 2245, 2003)
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(Mg/Ca) ¢,0( X 107)

a 4
s
Peed
4- s f%'?
a3 ®
7 \‘ /C)
Pl s 2
3 - 7 A 4;‘4";’
s N2
7 .
L7
21 »x -
(Mg/Ca?3/6) Roslyn
14 & " 88 (Mg /Ca=3) __ -
O" T T T T T T T T T
0 2 4 6 3 10
(Sr/Ca) ,,o( X107
6
L Q
5 - o
4‘ ?
ad i
o
1..
Roslyn (8-10°C)
0 T r .
0 10 20 30
(Mg/Ca)H.‘()

] 6.8 Coldwater 51 Roslyn /K44 & 3G A& Bt SriCa. Mg/Ca 195 &, LR Skl & k% 9% T3R5 1 Sr. Mg

e 280 (Xiaetal,. 1997)
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§"0 % (PDB)

[ 6.9 Coldwater ¥ F1 Roslyn WliE A T% dU A R 25 Mg/Ca HLIEI KRR (Xiaetal.,
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“CHEWR At TRPE BRTR AR/ % hpEE/ gL
/cm
/aBP 24 6 810 2.50 3.75 5.00
m Opr—TT1_ 7171 0 T T
G )
20F 20}
842+ 75—
— 40F 40}
1316+85 +——
== 60 60}
1895+924+=—=
N 80F 30t
2263+114
— 100} 100}
3800130 t——
= = 120F 120}
4400+ 140 +——=
— 140} 140}
5000+ 180

M1 5 B2 BEHa [--]|s

K 6.10 85y 3h 8 SR 3h S AL 28 (kb 4%, 2000)
1. JERER, 2. KB, 3. MPRD R, 4. VRIS, 5. MR SR R A HE

20 20 30 40 50
1 58 A Sr/Calthk 3£ 11 £k B2 28 fb/g. L' ik R ko B AZ 1/ %

K 6.11 AT H Sr/Ca LU A S B 75 HEAIE 900 4F K 25 APk S TR IR 3h & E X L (R kB, 2004)
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TP TOC TN TOC/TN
/mg * kg 1% 1%
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Ti(%) Al(%) Fe/Al(%/%) Mn/Al(%/%)
0.0 0.4 0.8 0.0 6.0 12.0 o 4 8 0 150 300
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= . - =
g g 5 5
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P 6.15 — 2k B AR RS 10015 O A DL BSM SUFK) A A B 25 15 SEUMELFR EL A (4 Ruiz- Ferndadez %%, 2002)
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Ti(%) Al(%) Fe/Al(%/%) Mn/Al(%/%)
0.0 0.4 08 0.0 6.0 12.0 0o 4 3 0 150 300
200 1 2001 2001 20014
210 210 210 210
—~ S~ X /é
| £ 5 E
~ 220 =220 ~220 ~—220
i i i i
230 230 230 ,,230
3 S % S
240 240 240 240
250 250 250 250
2604 260 260 260
Cu/Al(ppm/%) | Mo/Al(ppm/%) |  Cd/Al(ppb/%) U/Al(ppm/%)
0 5 10 0.0 02 0.4 0 50 0.0 0.4 0.8
2001 2001 200 ] 200 .
210 210 210 210
5 § 5 B
220 [—220 ~220 220
i i e ik
230
%230 ;(5230 ' 230
240 240 240 240
250 250 250 250
260 260 260 260

& 6.16 Malawi W] M86-18P .43 J& 71 2 2 A -k ST 229~244cm A4 S TR (4% Brown %, 2000)
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P 6.22 Je B /NS A 3% A A R TTRURRE

W
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R HR= A
WA R R Bk Ly BT HUTRE E
WML R TR L 4
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HHUR E SRVRH () s Bk

Kl 6.28 WIAETRIR £ A VTR L 43 fi s BB (8 Kelts & Talbot, 1990)
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5"%0=0%,

K 6.30 HI KR B PR RN 51 S ) SR 28 708 i B (4 Lister, 1988)

6.31 AR RRK A FAL R AT HME (BT G Lister, 1988)
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6.32 JE PSR 6 180 XA A5 8 (4 Lister, 1988)
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6.33 RAFFKARMNRA D Sl EICRE (# Drummond etal., 1993)
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K 6.34 WA ALK — EHLIRIE IR E (3 Kelts & Talbot, 1990)
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(LD HHE CGAED: FRN

CH4COO +0, — HCOj5 + H,0
(2) SR OABD): BRIRERIE I S

CH5COO + SO, — HCOjy + HS'
(3) WHt/ER — CO2 it Jif S v

HCO; +4H, + H* — CHj+ H,0
(4) Wt e — BERAR B H

CH5COO + H,0 — CH, + HCO;

K 6.35 XK IR ER A AR FNYTIE A B OSCHIEHARCA B BUR A2 R AL I I NP B (4 Talbot & Kelts, 1991)

a. BRERERIAJF [ i: CHCOO — §C -25%0 — HCO3 — 8°C -25%o

b. CO LJixMi: HCOs
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