B4 E WRTIREREFIAE EE X

A A AL A D UR AT R BT AT FC 6 U S AE ) B R AR A SRR b, AR
AT DXARI TS 22 A ER BRI AR L, DAERAS DX A ERA B AR AL I A FEIRC R, R I KB HLAR o

& TR TR 2, BEROTE R A LR AL, (BRI A7
£ SRR E . B R AT LRI PN KSR E S J5vE: — JR Rt X SR I TV,
BUAER RO AR R 134 . RS R, CAWIE R I SUZ VRO 7 SR 56 1 2% 1l
KMFFSE, BRes MUTRIINBUESERY: A RN FRALK %, WS CRER
{0 = o= = Dl = e = e o [ 14 G LY N (737 = N =N T VA 9 LY

4.1 C R

4.1.1MC RERIFA JF 3

MO A S HE FWillard F.Libby #0352 R th fOF 72 /N AE 19494 1 56 J2 BILAA) (Libby,
1952). 0 1F 5 T Ml re 2t o HbJTT . HbERA RN T 2 ) v fd AR - 14K MM ARAR IR 7922,
Libby#4% T 19604 3k 13 i DURL4 3L

B FEAMEA: °Cc, Mc, ¥c, Bc, “cmc, HecrtPcRRERME, & 5CA
£ (1198.892% f11.108%; '°C, “CHIPCHR AN THR B4, FHEMIRE, 4351419.151s,
20.34s, 2.46s, ANEAETE HARF AR . ORIl i 5 i 2 i A T 5N HE
HAEFE RN “CIBILpEA CRIRBRIT) » A ARENMN, “CII T4 582704 /2
i, FEEEFNEBELDARGEE HRIERMNYC, BERTPARGREN L, TafrE—
EREMYC., MCERSTIREG, BALECO,, SRJEHEA KB E3E N K. HFK;
JeAVEFE YA, BT S IBEE NS . 5 AR i AR TR IR R 2 5l AR
IS (KA KSR IEBIRN 2P, AT e, Wl fEdat, B
WU R M CREA AR 4K S, U PERR AT I ShEE R P48 T .

MCHEARIE T A =AMB . (D) JLAEK, FaiSH R AISRE AR, MChrZE A
HASEBIN AT, FHATHMEATE P MCIREARAS;  (2) “CHERAMELEIEF A 82,
AT Z I8 A AR I BB P47, M CHIUATBUR 1 B AN BN ), s AR i A48 (3)
ERRRE I B A WA LS, MCRIMREE (BURPELLRE) BERIAIT 8538, Bk, f5B)
FHCHIATE, X EAE ol g0 4 P RO T 5 DA AR A7 (RIS B (BIRS ARe) AHER AR,
SRAGRE R P C IR, AT DA R B AR AR

HHEYMCHEMR (T) AT

T=1nAJ/A
A AIRE F AL T A PATIR S I CRUN PRI B . ANRE R IR B I CRUN RS s 1=
TuplIN2 A CHIF YA /iy, T A C 5281,
MC R IZ Libby (1952) Il 52 N55684304F, J5Z:Polach#1Golson (1968) £ 1F A/5730240
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o BRI, H T CHIREUE M50, MRS N AR BRYE40,0004E LK . 534k, B F-1l
RRZE . RAMCIRIERARIL . A ARRHIRI (2A22%7C0,) LRI EHAS (g hnt‘c
freA) SRR RN, MCRIRIEIRAEIS I FUL L& A TR AE AR E . T3 L E
AR TR AT, AT B 2 PORIT Cs S ok M A

DR A e BN, 70k B R SE B R AR s, AR
HIEHTYCE . MCIAERARR I LRIy R T A D @ik, XA
SRR LW TE, By BRI I R B AL FTd At 1 it

4.1.2 C WEERIFAR T 15

MO E AR ik G B AR B T M ARSI, W 7 it T SR 88
PR R, FEARRIINET UL N AT B AR T iHeE (it 4%, 1990) .

4.1.2.1 &tk

A7 BRI C IR T A AR B IR T, SR EMCI & BT RELAEARH
J7i% e ARIEMERE IR, XAl AR EGE . AT SRR N R E0%

[ AR50 AR K 5 TR i B IO MR 6 2 i C O, FH B IR I Bl S, FH B a5 0t
MU IIE o X — IR RAE Y CRE IR RIS, bl THE A B IR BRL T 1 AL ™ B8
RIMRCRAEHAR, DONS% At SRRy X R AR R AR, BB PR & A ] ) 5 ol
F i, T HAG 4L, R R R R R .

SR BRI R S A SR, R IE LT & . A IE P20 T 30 <
W& DU RRHE (L) SRFE; () XPHEUELRm; (3 AR IR, 113
YRS () Bem A UE DR EIEERR;  (5) Ml S, E KA NS IAATECO,,
CoH MICH, 5 o AMRTHEGE A FE M B, BRI $21100% « HAR A BB
AT KRR, PR CNCO AR T (8, Hulbl & EEA L RCOmENEY
FEZE SR R AR, SO R, RO SR R A R AR, AL ERE R 2.
HNCH FICH, 32 PSRRI/, AEH & IS FRA X S 2%, RIS COAMRMEEAE 7
o R S N A

TR H0E 2 B TR R VAR TR R T 08 T BRVBOIEAT BARL 1 ISR 4, DT 25 Bk PR VRS )
JRE RV AR IN R - 3 4R (2%, 19594F T URTE A A B4 (0 TR MR A s s FH T e
SERFTTIBH NI BEMY K. KRR S R FE DU R TS 3

(D) iR NCO,, Fhaifh. AHFE I B, SRR K CO,: oL
FE SN ER R s N A2 iR C O,

(2) WAH% . BAERKMCO, 54 8L (H#Ca. Sr) Hili F A KLiLCoo

(3) CoH il 54tk . Li,Cokfitr=4:CoH,, Fhatifh,

(4) AFIHIZR . K CoH @ AT, AR,

TR MR TE B0 BIRE ) &5 SR B2 G — 1, (HER BRI &SI = 2 5, P HERAE
Byt P o 1 35 5 U R T BT I R A P I ] 5K S s Y ) A i R AT R R AN T

1. AHUBREE

(L) ¥ E T 1000ml Btk I 5% EhRR EFBRToHLUEK, A ERHiHE, 24~36h J5iE b
FEfZ AP, <80 CRIRMET
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(DB ETCHUFHET RS AR BT 15 R NVEEN , 8 i &S, iR 42 650°C,
BHE VRN CO, ik,

(3) i [ R4 S4B T CuSO, Al K,CrOy - H SO VTR, 254 SO, J He Bk
e AR, B RARZK IR CO,.

(4) TEWRIE CO, MR /KEI I & CaCly, idJE3REL CaCOs.

(5) HtT CaCOs, FRE, 1% CaCOz Lk Li %+ 5Lk 1 (&, K CaCO3; 5 Li mriRA
BN 2 5 W Y o 31 L3S 30 20 S5 0E A ST TE 0.3%00 'Pa, 1818 T (1) [RI I 4k S 22,
IR IR 400°CHHEIR 30 204, FIRHHES . ERENUSNT 1410 *Pa iy, KB <E,
NS TR 950°C G, fHIR 45 AfF . B AL RIS CoLiss

(6) F52 5 M FEAIEERE, MEZ, MAEMK, KiE ClLi, K1 CH, S Ak,

(7) CoH 4t CoH W B 1. 2 RES /KRR GERD, oy EBKES: &
AIF 3. 4 GRED ZBR HS, PHa, NH3 SRR U RAMER Hyy Nay Op 54U,
HAERGEN/NT 10 %Pa (& 4.1, K 4.2).

K 4.1

K41 AHLUBR. TEHUBRICoH, i & 1 A5 U5 HE [

K 4.2

P 4.2 AR T EOORE i 1l 46 R 58

(8) WA, HIHKMEILTIE 500~600C B2 SiGtk. k)G, REMETER
FRGEENT 10 %Pa, [FIRHEALFIE A ZE 100C A A, WAL H CoHy, KSR E
PEHILE 80~120°C 2 id), FREUAE.

(9) FREUAHEF (CxoH14N,O) 0.045g 7245 B TSN, K Frifok e fe 2 &,
FREFTIRFE SR E R, MAARKAEZR 2.6359 L4

(10) Bl EHEBNAIRENIE, #E 1S, EANMERE.

2. ToHUBRFE S

(1) 5Bz AIHR AT AR S A WG, N 2% 1) NaOH #3, =¥ 24~36h J5 i
Ve k.

(2) BT SRR T, TN 5% 1 HCHEW, 742 CO,0

(3) PLRE /KL CO,.

(4) ~ (10) SREFEB YRS AAHE T (4 ~ (10) .

R AT EOE S AR T EOE AR IR RG2S R i e I AL — s A L e
SR RARSH 71, MO TR R AR AR . MO P S A B000 2 4E, ]
SERE R 8000NCIE T, MBS oM LA RIS B I MCE T, DRI RE S
USRS 7 BRI SO AR AR e R R N, EERR 2L ERIE,
JEHXS AP S R, @8 LA R AN TURY) . 9 1 3 2 U RG 2R
dhR, AEAEY OCRFEEIEE, XS KR, RIS 3 R 5 I ) o3 R 22 A [
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4.1.2.2 BFitsk

JEF IR AR B B R SR I MC R RO Jr e CRER A I R SN
FUMGEAS B TR, LB IR AL, R AL RS h i — 2y i, e TS
By HER SR AN ECIR AT TR, SRR AR 10 (AMS) o %07 R R % KR
few, FEMhTOREARR /DN, HE ] D2 ISR DU AL stk . AR S ulhE, B
KRBV FERTEE . FERMERN B i CIRF R HBERIIR T (R4D) -

F41 ARAERREAHFUCREFRAHFER

#41

AMSE KA Z LT, SV EHECO,. COMICH, AR, [ A FEY i (04 & ik
WED (UINaCOs. KoCO3. CaCOzEMRIREEI I ; AlCs CaCyv BaCo 5ttt FEMRiL
EYIEE) R (AR Bk REBFELEMW; LERHKEFe, Ag, Cu, PbEEIR
MARBEY); 855 G BELEIRR, 82 BT A WP RE s (AMSEEY) i,
BRI AR R R, BE TR RS, ARG & aSa iRk Skik. Sl
ABEIREZ M, BRI E .

4.1.3 WIHYIRYF “C MIEM R o B R A AR

AR, JCHRARRORATR YY), 8 S AR AR, Hom 3 E R
W E AR S, BRILZANES K AR AU, AL CCIAE IR . B
TR CAEARIE R SR EAE R A RIVEAD .

4.1.3.1 B LR

WA AR A SR, SR . IE RS ABREE, ARSI R )
G AEAATIZET IR T IR a — AR AR K AR M A AR A e, PRI RT DR AT
MCHEARINE . SIS AL A E AR BRER BRI, WA AL AsA%, E
T K e, T TR, AT DU T Cl4E

ENPTEAR I B PRI LR B, ELEAS Y RIAT o 73 2 A i L T 2R URK T, A R
wiale, EERME TIORRIEAIABE, AR5 MR A Rl 6 05 VA I EESR AL AL A B )5

P FHBRIR ER VI T S5 7T BE 2 32 BIWIABR R RN “E AN S5 2 R AR IIRE M C “ B
PEZONL” A “ERAN” WG SCRIR) , & BRI R RINNRR %, N BRI YIRS
AT RE S YUK R A A RUSE, 7 AR BRASHe,  DTTT S 0 2 (14 P 51

4.1.3.2 BAHBR
TR YR PR Ko RESYIREESEAY R A R . TR AEAE &5 2

VAT TP 95 % LA E, B LR &8 R R —345.
FREUSANLUR (Bulk Organic Matter) F-T-1Cll & (77 W ARXS a1 88, — R F i &80
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Beidi, KA HUR R B EE A NCO A, SRS FRAR IR 25 Pl 4 J7 v 10 75 BLEE AL N B 75 22 1)
i, GRAA SR

F A HUTT AT CEARIN 52 1 R bR B, (R A3 M AT A S B SE A R 2, HE LA
PN ] 2 R, DR UGAE S AR VF T RAE O T, B RIS 0 4 B R IURF IR A 48, SRIEAT
FRET

4.1.3.3 JE7 %

AT AN SV AL 7r 0%, — AT o N SR ORI R B T P9 6, Hoh
JERBA T 520%~30%, & —LLHUERTEI . SR AEY) o R BUANKESS . LR — LR
MR . AEENES . JEFEM H160%~80%, &WIVAVTAA MUK = E RSy, &2
SRR M E S TREY), BiEHER. PR, = 2R . ChichagovafiCherkinsky
(1993) X i HIEUCHERY I E JE AN, B B BT, B CHER TR S K
SRR . R AEWIADTRRAEARRIE T b, BB BT AN [R] 28 73 g R F At 18 . AR 20
R W BN E S Sy, ARIIATTRI M 4EAR, R HIRE I i c
FRE . PR, & RRE51E%. Si5d, LR RHIESENE.

BRI L AR 1 ER BT 142 SR FINaOHIE MR AL B o B i 25 CH UK fE » INAN2% ffINaOH
I, 126247 F, BA3000r/min B L5434, ZEHUH BRI A AN YD o« BRASEIINNIN (1)
HCIZEpH=27c 47, FZM/KEEZ P, SRSIRERA DY . BIEHRINALN [HCL, HILZUR
DY), v BT AR AL 5y, R W El4.3.

% 4.3

K4.3 IWTTRIRE i ZIERBUABCR TR K
4.1.3.4 Rt 4

TR KA ISR R SR Fr s BRJE 5655, R B T, 0 A
WHAAR L, RIS T REERRISG A AR, B BV CERIE R . KA
TRAFZIENAVIRRYI T, s B b2 1 BuE M iiis, e g AAINE Hiok —E iR %.
A AL (DIC) 1EyeE /R FIORIEIKIA B 2Bt a, BRI N A 3h
YA, WRAT AT RESZ SIMVA“BR RN RN S R IR KIsEmi . [RIk, AR KA A 24T
MCHEARIE, BT REFI ARG A RSB AT, DRI B C AR

WA i 05 £L<0.5mmiK o i, PR B ASRAS KA, BBt i A0
2L g R UME X 7 Bli A2 302 A B AR . el Rz 14 5 th n] e HH AR T a2 th g4 o v
URIE R PR A Fr s AR A IXEEERIE (R 2 S BUTII SRR R . W R BE DL E R
RTIERE D, R EABUR T, Dhgs A BERALIE .

4.1.3.5 Jaty

0k J LT BeAE BB WIE VTR AR A, TR ] DURISRIEAT XS fky s 2 X EE, BT
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R AU REATHCAEARMN E B R Sebr o 5 RIATELLES, JEH AR Maii A h R
B, B 5 X S B IERIIA AR, AR AT DA S 4K R R IR, R T CHE
AR R 84 T IR P A S R . BB AMSEUR I H R s, FR Fks AR SRS i i C
FEROHEKMZE] ZEE.

Brown etal. (1989) KA MBI 4 B 7%, EHL T 88~44pm F144~20pumP kL
FIABHATAMSHUCINAE, 3175 TIRIFII4E . Regndl (1992) SRHL T i K frIBrown (1)
JiiESy B PEEHORY, I LA T AR RS AT LT DA R (R $RHUT VR 3R A I R S AMSHEAR 45
FAELLEL, 8 AR EARS RV AR L AN R VR IR AS O SR AR A7 AR 200 o RN R
PR X L 7y BEEEEUHLRR 1R 77925, BB T K AR 0T, (HIEAFAE — L A A WL IR,
DRI L HS AE IR IIE Sl BT IR0 AR I A R Pt 18 DA (ot o 00 J A G 1R 20 B ek st 7 v
THEZHT, SRR RS N ARG E B - MR k. REwk, =
TR TS R FE AL SR R U772 .

O MCHEAEEBA R E M AV ENRER, BEREER, A5 a5ER
B, RERERIIBUZN ELFER . REARN R EM R, E5 AR,
J2 B BB R A e o

414 “CHEMRRE

FREET %, B AN R R WEIRZEEENFE AR SOE, BEE A IER
BRI S 3 S IR MR/ o ORI, BRIUEDRZESL, B2 A R B R B CIUAE RS E,
BRI BRIEERN . KRS, REERSEE . PR B2 5. UM EA
HUS ARSI EERRHT , AR AT BE G5 1 3R 2% b L 00 (0 50 AT 3R AAR 22 AR S ) 5 0 IR 3R 0 T
o, FEERI ARG R RS R T SR

4.1.4.1 “E#Hm” R “FHE7 BN

CERRIE RN ERE AN EEFER ., BTG SoE . FR0s My, wHEsEY
a5 B RN AR, RECEHBEAN BAREAL TR, T A KT B SETAR AR
R4t 5. FlinBjerck (1979) XfBaltic Ice LakeiHl % i 18] T #EAT (OB FTR, 2 BB A b 4
B (34T WUSR TR (R IR AR IS LI BB 48 5 B IS B 1 & A W UR TR 4RI 2 7 80T
o B T RIS X — IR I R R RN T KR IS A UR . %4518 1E e 4E
W7 R R 23— BAESE (Bjéyck et al.,1982) . R A HLFE AT GE AL &8 % H 2 5 10 20 LR
BN A, W& I R R (Bjdrck etal.,, 1982; O’sullivanetal,, 1973;
Wohlfarth etal., 1995; Olsson, 1968) , WEFEAEYIELSIYINIRKER LA X . IR HZ 25 0)
B S MCIRR . RT3 55 A S mi R LR 3 I vk DA RS B (6 i1, Ollsson (1986)
R FINaOH R B s 58 o U S A WUV E I A R, DUEBRANE 20k (WA, 45
WS (RIS, E T R AE ORI LR A (R A 1, S M CEEARIN & 5 0T AN R 1k
CAERRIR RN BEAFEEYR R SAREER BN

4.1.4.2 BEXKR

IRARE A K KA Fp O P C LB AR 24 K ACOL M CIC LU I, X R A R
WS R T “BRERUN I o B 2R RN B AR TR TR OR B, Ay TIRZ BT, JF
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ST AR R B, R B DURR I SR 228 CBE FE Ik http://calib.org/marine) .
WIVAYTAR H R AR LR 22 RS, ORI DT AR I8 B U N RESRAS AR RS B AR AR, (Rt
JUEHT4ERTOIson (1986) FlSutherland (1980) T4 % A JF AR 2 250N vl R, {H S PR AfF
FEPAEAT A B . AR L oK . R KRR BRI MA SIS DL R, WA
REBE LE R B R EH LR 5 KSR R84 . KIIEF B2 B &2 B I /K oK) 1 K
ey, ERRMCHFE, EMC/PCHME MR, XAME B RS A AN, IR ARAEAE
WA PR, I SECCERME . BlinE stk — RIIART 7R RIS E 1)
VKRNI T AR 5 RS IMCAST T, PECT TRIERNT . BN KR S AR
PEAEMAT W, Skl 0 R A KT KL BT R CHURE, AR T 485 i i RS )
F40 (Olson, 1986) o k28 25U (K% 1A% A3 S P X B ] — 3t 2 0 04F 38 (0 A 00 A F M CAF
WY X LR R A AR R R AR RS . X EE I AE T (P Ph, BV (gt R
KTER, FEEA FHARTTEENFEA R, e DR AR = 7 iR Fidh, A R 2P [l )5

(7R TE R, RIRE — RGN CHEAREURE SIS M R, FAZRE IR i@ SR -

FRRR, BRRZTRMIFERNT, (1A B A5 P RN 0 o e e S50 ) 5 7 EA [X 3
AEAVE BRI, AT BT 7T SR H ARV AR 2 4 SRR 2 1)

Kl 4.4

Kla.4 T SR ZEM SR A R AR AR SRR B P RO A AE
4.1.4.3 KL

WK R, 2 ] R R o B 438 3 5 A B2 ), AR AT O /K & & kR A
BET, WK E SN K o 7K A AR AR A T 2 H B 1 PR AL B Rl 4 MR IR AT 73 BROK B (158
B R, IXHURFTE KRN, FIRES Y CHERM R . RIS MR IE, AT REC SRR
FE RN A 7123647 . Stiller (2001) 7EHL i Kinneretis A FT 1, AR HE WK f JCH L

(DIC) [MMC/PCHAE 5 KM CLUE IR R, FHBUE IR — 5% R 70 I S R A e AN AR T

SE480004F 3k K MCHR BE(AS 4K, 1 T i 2:80004F Kinneretif F Hifi 7K 25k i AF-#4 7E 976 ~

1840yrsfa] Azt (184.5) o FHsL b, HBEKRN IR, WAA505 & HIA i i 2 s Bt
BT S AT R E L WK A BT KRS . WA R S 2 MR 2, A
WIAIZ LR R AV A E, T R — A b, AN [E S K A 2 5T 45 PR 3R 2 AN 3L T,
PR AR 35 T PR AEE 7K RO AE T £ A 24 PR o

K 4.5

4.5 Kinneretif80004E K Hfigi /K %™ (Stiller, 2001)

4.1.5"C FERKIE
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B AERI KRR, SRR &R AERRLR T & AT 50 B I CHE A Bk % .
MR BRI A AR AR T LGS SR R I, T 3RAE A M CARAR S SERR RS 4RI (]
Pi4ERE) HAHIFTE (Pearson, 1986) o iXFf H FAEs AIMCHERS (22 72 T K MCIRIE
AL IR (Stuiver etal., 1993) o fETFEMCHERSIT, A —AMEBLEIIIAERE 5 R 1)
KAMCELE SIS MCHL B R — B0, FFREIX — LU TS RE P MO AR B, AT
PAFFELCHER . FH ERARMCLILE AW . FE19504E18K, de Vries (1958) C

RPN 61500 K 17004F 42 45 KA MCHUEE B 1% ~ 2% 1B in. Rk, 19604EACLUS, “CHEAL

2 — A E T AR RS L BE B IR (AR (LR o AR 981X — BRI B A AR
ARAERE, AR ARARSA B FE T LR oG IR RERA i B — WP AR AEAR, R i CLbE 2
R RIS, PTRMREA KRS NCLLRE . H RT3 00 S50 S AR R 57
53y R I R ST AR T AR AR B SRR C LU R A

ARAEREE P RIS CLLBE T A1, X AT aRAS 0 CAR I HEAT KR TE JE A B RE A 1 H I 4F
W o PR TR R F S EAUT A, AT SRR AT X S A BRI RS H

H A1 B _E 3 3m A R  CAEAR IEFZ/F INTCALYS, A8 TR . 29 120004 K 1)

WHESEAREEE, IE45 S T AYCHERMIGEESUETTBEE 2 CIU - ThRIE R E0E
(Stuiver et al.,1998) , W LLAA R 1E240005 K 1 H JiE# (1814.6)

4.6 INTACALISMCH: IF 2k
ARATHEIE ML, B4t LLRT RS IF 2

4.2 #%Pp F1 ¥'Cs

4.2.1 REXSHFH *°Pb

KA, KRZ %0 %Ph & it 52 ki ke 19 2R BTSSR A8 T 7242 . 1T 2R 3%
MR A e T SRR VR R (FLBRE . R 25) IR B 46 (A28 . SRS, [Hik
2P 72 KA TR T8 25 AR K . FRFEEIE N KR 2R (100388 B L ek gk N KSR
22Rn B R KRR AN SRS, XREDNIE KT 2Ra S BHLIEERE L. B4/
B 210Ph L T AR WL LR AR T (88 s A . X ARORIE G 2OPb A SEARAEL) 2.2 X 101~
1.3X 10" ZEAS KL (dpm)TE Bl Y, T AR MRl 3% R 1) °Rn 295 1.3 10" 35254

ToVE M LB U fe], 2OPb 45 AT 16 b ROR P 2 T8 15015 2 (i 1 Py, 3@t K S50 2 e v
TR, R EE. 2Pb R P T EINE 208 5 2 10 K. EF X
Fr3k43 2Ph YIARE B PUE $dE, — 512 X oK R IEARSS, HAHSE RE7E 0.3~0.7
O Y. SR, MK 2°Pb AR & BB BB AT AR, a0 2P TR S K
Z IR G R AT RER, A BRI (B T LAV TR & . 2°Pb SR VTR R bt
XIS AFZIR R, —/#% A 0.0016Bg/cm®a £ 0.05Bg/cm’.a [,
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4.2.2 SREYLIAH 2°Pb

Hi ek 20Pb (it 32 B R K . 2OPh H R I g8 1 JRUAK B T K PR H g AT
Pio BRI, VA 2OPh ok I E BBCR A AR ME LU 2, (BRI R 2%Pb [k
JRAENT, R K T ks AR IR 2OPh HIBE MR /. (Appleby, 1997)

FLYE 1961 4F, 26 [H — L iiRkil 7 3¢ T 2%Pb (0T 5. AR Tl TF R IX R
W G R B 2 T = AN AT T 2P SR IIE, 45 SR 2OPh & R D,
Y5 GLUs ) 14dpm/L, B S AL B 22 0.3dpm/L. MKHRIX R4k, BT LAk &
VEARAERL B s 2 555 v b | TR T i) 220Pb 3R RS I 1) K 204 LA 2 3. %t Susquehanna Ji 7K
FAYih 2OPb EREIEAT T BT, AR 0P g MR R O, i R I (]
<1.5 Ko UbAh, FEVDFTAG T LR A5 R K 2 3 2OPb (>99%) IR R A
T R A<0.8%I1] 2P J2: fi 25 75 ] Vi B ks _b R B e R b . X SelF A0 2 s 0, rhiyD
TTE NI AR 2OPb AR D

4.2.3 RESKRIBHBRE *°Pb

RO AU BV 3 NS () B 21OPb A AR © 382 2°Ra I S5t e A
@ MIZK FR B 20Pb, 1l 210Pb SRR [ RN o 7E IR LT BURL h o ) #°Pb (P
F T 5 HEHA 2°Ra R BUH TR A5 2OPh ) 2 R R IET U (JTEINL,
20000,

4.2.4 2°pb ERBI— R

HBE AR 2OPb, BsE Th AR ORI M 5 45 A AN A T L HERR TR, 7R
JK Z G 21OPb i BN E] KA 2 I B . iR AR AR 2OPh Rl REHERRAE VT
FRWDZRIT, v B B TR) B T I 3 SRR R K/ o |l B3R U O =0 & B AR b
(1 21%Pb, IR e Tt R 2°Ra ZEAS AR HOVE .

WV TR A 5 AR 2 R AR IX PR 4% 21°Pb BOTEASME I, 38 LA 2%Pbgye SRR,
EHME T B A4S 2P Ok o S

210|:,bexczzlolz,btot_210|:,bSupp

A 7%Phyg A2 7P I B[ R s PPy, A SR S PRa B KT (14 2P
FRU PR

— H210Phyg, #E KA S K AE A TR — RIVTAR TR, 785 40 AR 4 1 1
T, AR IPERER] 22.3 FEEATER, FLIRES AR LR AR

210Pbx=210Pbo % e(-m)

2OPhx NEIRIE M 2OPb SR, “OPby NEE ZOPb RAE; NN ZPb RIEHIWHL t
IREE X (IR

B X BRSO RT IR 2OPb ViR BB AR, (H 2% KA UL
IRK, FH XM EAMEER (Smith etal.,1997). fESZPriz T, Wi Hriiya T
e LA AEZ I 2P &, B4 KA “OPb il & (ALK £ ARV T 21%Pb frIR
FEAM A b, HR, R 2OPh B R B LAEREME, IR A X R AL SR AR KRR e
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WAV °Ph 43 4TI 2 AE 05cm & 2em JE )2 P HEAT ), TR AN L7 2 3ol
REETJUERITIR, A S AR B o (XM AR BB 2. BN, FEVF 2 WA TR
Hifleh, 2OPb BEIARE 2P IHEECEE, MR LR TR

FEARZ I Chnrp BRI A R DO B PTR a Co TOUES T LK 22+ LK A IR 2 )
Z1OPy TS B A A A b B 2 P AR A S A R F R B e, R IL A B T R AR Y
Pesly, DRI — b i) B 10 2 sUHE S R 4 R T SR VAR AR & 52 2 i Bt

BRAEUI AR Z A, A S A B A BRI 2P o)A, BIAA
R A1 (B “AEPtah 7, TR A A& ) MBS al, X R A RS IR A7
FETORYI A R AL AR, Rl 2 DT - Kt L. (EA R AR T, Xt
FAEKYFS) COP ILHANFREWDD s, Af A XA AR, RIR AT AR
BUGHHIE 200 SRR 12 IR A

BEAh,  SEBR oL 2 MBI AR I B A TIRGE AR IFANEGRAEE 1, T AN
I, AU PRRSEARAL, DAL X i eAs, ORI R AR 2 R A W B AR AL .

—FRAE A AN X RO A K R AR, FEREA POPh AR B, T
BHUARIEEEN T [ — 2 TR BT (I )9 :

T=-A"In(1-¢)

=Y (*Pb)dt / Y (*OPb)dt : s> (OPb)dt Kyt pEE PPb 19 R i,

> (BOPb) dt RS T AL 2P (g B .

0

TR AN G F HFR 1 E O T A A
4.2.5 NFYEE X A /3

2Pl I 4E 53k LRt P 00 5 3T A T £ SR 98 S R T R R A R AR 4
o HHEITE BiAD 80 AEARWIFF UG N FX A THI I 50 98, B4 O vz s FTiin . .
T PSR SR TR AR e, DT ZE Y R E: 0.0mm/a B LB K/a. H ATk
FIFH 2%Pb J7vEINE BRSNS N T R R AL 2 A0S Y7 T 9T . Horh
B R 75 52145 . Robbins and Callender (1975) F 2°Pb [R4FAR i B Al B 1 VAR
Z; Bortleson 5 Lee (1972) AUTARY A4k 27 41 BB I [8) AR AL A 5 Mendota 1 &
BRI R] s RS TR ) TR iR T 2 S R I A AR AR i G s )RR AR . (H
XEMIEH, BAR ZOPb IIAERAR O 20 Rl H SR S AT SR TR A B3 AR 85
Ak, ABTERRNTAE OIERILA W, JEHE TR -/K S HE EER RS, BOZAg SN
TX S PR R E — i 9 o ph ST X DR U AR ) 5 4 A B R ONRFE IR, T X AH
VE R I8 SO ERY) 5 e — Se 2 AR B R 06 70 E R R 2 (Y BT 4%, 1997).

426 NTHEHEEE—"Cs
7E B H2d 50 FEARY], TR, NERBETEZ R BRI . 2 3 L it
20 1969 4F, %) 200 7MY (AR P HE AHBIR KA HE R AN N . 1962 F & 1963 45

B ARG 0 . AR AR T P A N SR R R, Ho PTCs CRIERTN
30.1 45D A EONHE WA —MUBUNVE R ER,  HHCR AR L AR B T A% gk e o R
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By PR FIIARE . BRIZERNESL, S S HE 2 A — 2 NSO PERZ R, (H SRR
FARIOAH L, 8RR, SRT 1986 4F 4 H T 75BN BRI E 5 v 2 (P R
IR st A MR S, e S NI NSRS ™ B RE A i) IR AN, i HE
FIPRE A (K B U ORI R S % (LR B7Cs M1 s, 32 AR RerEdL 3R 10
P AT A A R

4.2.7¥'Cs B RS IR R AR X

¥ICs fi FERIESG LAl 50 EARYIIF AR R URIRIGAN G, 78 S R A 1
BCs 7L Rl Z P B T A LR, LRI G KSR A BE B VARG, b
ArReP LM X TR R IR, SR PR AR IE I X R RN EREER, TCs PIRRIR
by FRHFERAPA: H— R Tl KL R T, R T ek (e i [
TR A I P R - X S e T 1845 2

JBE, TCs THE R IE T A R AR RSB 8 S (1) 2 R0 L o 4l BT,
RAMRIE T AR 1950 42 48 1952 475 R U8 i)y IE4F 1963 4 DL K 1986 SR /K
VLR 52 IS HEAZ LR T 72 2 1 *5TCs g U . pi bk, ZEXARIIATTREI T ¥ Cs MR
Bl E RN . 3 thAT [ 2250 094 1963 4R 1986 -2 18], KA W] LUAIE
BICs ARREE BN R (JTETT, 20000, {HIX/E7E HA SRRIGHE P KR E SGE A
BRZ BN, HURDHAEH

4.2.8 ""Pb A1 “'Cs ARARA S AU AT SR LUK AFAE I 15 A

0Pl 5 AEH AR S DAZAZ F TR R BE 0 0 T S AR A Ak, DRI LB A 2
R QUUBWI-K S ERBEHERZ R 2P (B ERREAE: @ BTENINE (AR AQIRI B P %
ARETBONERZ R INIER. . Ha)ihid, ERNIERTIREATERE N, RIS OHEA
BEA IR ILBIANER , R ANRE AR BT IR IS KA TR S DL L, BIANRE
BLUTARE] KT o R 40 SER AT Pk SEARRIT FUANEEARI R , B ARIL IE AR PR AT AT 47 1k CLART AR
Ve O RAESCER T RAE, HSEPRIEIUE BRI AL k. FEARZAELL N, BIansEAR TR
WP, CHERZETIRY), WHEZHKR. £V NTERETI PEARSME5
BUREMIX BIA A TR, KRR I LR KA KR AAE 10m DL,
RIRXS LR TORMIE a2, IR i DR R A SIS A 52 3 200 48 DR AGUTARIN T8 Fr 571 st
RAFARHEWAERR 2%, B S BRI 7 R O

2, S N TR R 'Cs, HoEEREEA 2P e AR . JLHER,
BICs H A UE & 8 B 7 A KIRI, ATHITE Cs AXTE— L0k 24 4y, B R
PRHE KA, FEIX SRS BRAEARHTIIRA ) ¥ 'Cs HENOKIRS, FEUURMW S ORERE R, Retbk
Y S A I HE PITRS INEE A 2 A% R R o bR TR U B R AR I 1] 1 50 SR04 21 1963
FEIEFIEAR s e BEAE 25 1L R AR W ) 225 B Wb, (5 1986 47 D) 7K i DRI A ks
Hik, FEOCERBUERIRECEEACA L E S, e v LA v LA X ) ¥ 2 W
IR AT DA I o R PR AR AN TS, A7 AT RERUUF M EE 3T 200 S RWHATTARIK)
FEFo

BRIE B fER—AMNIUBUE O, 2P A YTCs ot [/ — 2 A SRRV E A B
ANE Ty, EAREEE WA I LN RALEREE . AP DAL IR SLISUR Y HU R i 22
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o HIK, RSB, BR YCs ILMAREA ABRE L, (HEMAEX, K
T JSE A I 1) R HERS 2B TS, A [X It o AN 358 o 32 35K B 22 AR At B 15 B 9 =
B, HUBRRIIETURE O AT 1C ARARIINE S (2412255, 2005).

4.3 T

AT P T AR A S DR T T sk 1037 RO PSR AE , T igh A2 oy b
WFFE B A o MR E A 5 R IE T F ORI S DU L2 1) BN OGRSl kI 7 R A
TESETTIESAT bR i A HERT, BT RIS UIRUA O B E R

HERTE 37 1 58 B A0 ) 2 BAS LU AR 4L (Barbetti and Hein, 1989; Verosub, 1988) ,
FEH AR MBI AR EER AR X = BRI AR, RS
DURERE IS R VIR RS HE S A IR AE TR, 3 DY LA DR Hi 2 i e it 1 0k
filfo ARPEARI%E 2 IE [ BN S A 1 2 (R AR, S A ERVERI S, L2 mT T oNBR 2

W ECFE AR, SEAETEE N0.05 ~ 1IMa (Easterbrook, 1988; Lovlie, 1989) ; — 5 [X 383 [

P10 ~ S0kaff) (B F AR AR SRS : KA 1R2.5 ~ 3R G A AU BRI A « i F AR 2

1254k (Lovlie, 1989) .
AL 100Mall SR LG AR MEAE R (MPTS) AR HE I 5 I8 P K-Ar s £ FAE VR RGP S 2
ALK (Lowrie & Alvarez, 1981) , JFZ5H T ARV LB SHEMRMERI KR (B4T ) .
BRI M PTR80S <V Aok 5 n N 1 DAND -4 £ O M & PATI
BERTH] (F4.8)

K 4.7

Bl4.7 AERTERR LR 5 4R I 9C R
A BESMabOR MR ER: B HEAALSR PR LR bR 20, SR ARME =N CRIRHR B XS A T80
KSR A R BIE e T e

% 4.8

4.8 RN FLIIATTARAEARTF1 (Lowrie & Alvarez, 1981)

4.4 FEIE

441 FBSE (TL) BEBYE (OSL)
AR P& B EM . B WS ITR, X TRAEDIREF SR o .
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B vy MR LT Y, BIRAYE, KAST RS, AR BET (Aitken, 1985) .
IN#500°C LA BRAE A BH Y T B IR I 8/IN 5, {45 i 2R AR B 8 H HEL T, IR ORI R,
B~ AE BB R, A B AR PR A A RBEG(TL), BBk £ R (OSL) »

PRI EIETL (Thermoluminescence) & i s AV & 4 o A 47 1 B 5 20 S RE B i HY
Sy — R AE 7. JEROBIIAEOSL (Optical Stimulated Luminescene) 23 id o (B4 £ o)
PR it R H i A7 1) PR S S R R A R o R IR SRR R T 2 e B R E — IR AR
PR A (R ) BRI ot e S — IR B YG BE A (R B[]

45T ROLAE 5 9 5 12 Y[ DG iR B TR (>400 ~ 500°C )R it [T AR 12

SEIR AR S P [ AOI 18] 3 VI 2 o RGN - SLAE T W RS 5 5 B S5 W B R s ) e
BRI R A (B RS R L BB IEE RS (A S5 TR M TSGR (ED) 5345
FIEAR (D) WHAE . Hrh RO R (ED) IR IR (P), AFEM ™ A R RO T/ 21
TR TR, BIASCINRE dh ™ A R AR RO T 7 2 IR FI (PR N Gy), AT MRS
5 R 9 R % o A B A 7 e S R P ) S 96 DM BB SR R o PRI R AR R B (D, L
mGy/amk Gy/ka) & 4 ™7 3L 1] Py R A Pl BB B35 P 2280 L 22T h J B AT T H 3 2 A R O
Afra s By SEAE, DAL AR I BRI R

PRSI E R IR R R A DR A i (ELHE R 5 75 PR SCHRE R 3R 22— o R i BRI R 0 3 2 A
5 AR S R R RO % KPP0 PPThA K B B B B R, RIS 5k
TRER IS KB T M LR RN . HLRTPR AR O KA kA 30 omyiz [l P ke 2518
SI(EEHER v SHEMSTFEN0.3 m), BIFTIURE S BACERYE; O wil Vg At T1a e
IR BERE STy, HRR 52 (AT R RO 8 . DRI, FF al R AR BERORAT 2 4 [ (1930 cm
VA A TR LA — o T34k, BT S KRR b TR R R R AT AN AT AL R, SR
Ania it R rh BT L S BRI 9 o

442 BFHBKEIEIR (Electron Spin Resonance, f&5HESR)

SROGINEREL, BRI A (W55 BERCA GIERRD - RREEABER
SER ) A P IR T I ] B TSR 1A R 4 - JE AR BB T i T ISR I T R U i
¥, PR RSG5 TRIAR B () LT JE T B  REAE K AR L, TR
Tl B BRRAL SR REEAR SR R AR, 8 AR B AL B AR R AT, A AT
Rl AR ORI TG CERO , ARE, InFREE 25 R 2R A
BRI T, X EOH S AR A AU BBt . Hat 5 08:

ESREFEUe=HL T A e/ CRAFRSS AR AR 1) X (a4 7E)

4.4.3 FEBINEHE (Amino Acid Racemization, &5 NAAR)

T MR VTR R DU5EaE 5 8 BRUNER A B A P I 2 R T, R4S
TR IR 54 R FE R LU R, JF vHSRC AR R A AR o 1220048 ¥ BBl E R 5 it PO AR TRLRE S
AIREdh P AR I, A7 Al RERESE 2 2Ma.

WITERE S R, AR h K BUA 20 2R, JFRIVIL-IIE, A ALK
HEB B R, P L-E R R #td, D-Z2ER CHiD HSL-a RN
b (D/L) KRECNO0. Xuifefit 7 —PAARKBIE . VIR, EEFUERERNEEN
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R, X BALFESNE e A ZE A AR, X AR P L R R A D B
4.4.4 BhREAPAGHE (Uranium-Series Disequilibrium)

e 32 A R B AR 7 (A A 2 B N TRD G I R B, P B AR o I P (0 B O
PR JE I S b, AATEEBENZE s o AT B R R RS R, AR R SR
HAH O YR T (H 2 2 7 1 BHAR TR R I R IR FIAL R 0 TR I T R G A o
HUX R e TR R AOREEE, ST ORI [R] 9 AT A B4R S

445 GRREERE

WA UTARIIAE — A48 B 10 J8 0 v 22 7 B S R0 R 1 T RRURFALE 438, AT 7T DAS (A
FIR 18] 5 813 T 8 4R o A RUTBRESUZ RITE R BRI 78 757 WA F3.4.4/N5 . BUATTR
FOURRE—FEERMN, MEUZ T U — Mg EFBL AT DB A Rg, @ — A
NMEATFH. HETEURFFIRES H PR EIR R, Jailk, MUTRESURIRG 0 i
I ORI BE -

SO TH IR AR SIS E AT, W LEERM AR g e s, (AR EER
WARBTZNA, XA R TRER A OB A YRR, R XS EIRAR,
i B, SR R e,

4.46 KILURERZ

AR B 5% 1147 K LU 2 55 R I 1D K A B T o) P A 7 4 7 3256 KL 2R R R e )
JR AT E 4

PR LA, KL AR B LB G i 2 PR b ks A T A T2 B XS, TR AL
TR BRI 2. B 552 - K E R RHE S, FEDURUF B BoR AR R R e 2,
RIS 775 T DO AR A S S i ok, X TV E LR IURLRE, A A 2R ) 2R AR
DL S HiER AL 2247 E (Einarsson, 1986) o iXL&77 MY AEME X 43 K Lk, ifif HL AT DA 7 ki
X3 KIZHIFRE AT AL G AN, IR, e BEE TR R TBUR HAk e 5 %)
TRV LR K-Ar. ©Ar-PAr, AR, TL, LLEXHT—S0)iG5 W 7%
FHESRIE -1 1 158 T 7B 4F o AR AT UG K Ll K e 4 1) e 7 2 B4 T AR I8 1 Ll K
EARNMENE, HHERIE, FRESHUTRRY, AVES 58 s o) DL
DRIG TR 5 R RN B BOd SR R R 55

4.47 B ETTIE
WRYEA BURHCE R A A A 18], A S FEARFE ORI 10 3R RO BE SR 52 £RAX
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