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ANHIRE BB (A B0 = R T R bR IR ) 1, LRI B i B i 5,
FRfCMM 2 L E T ARBTH L,

FOPrHE T, dik L2 R8RS B oW TR RS RE 2 I L . RS
BT 2RREN L Lo, B CRERREERLEIT 2R L . MR R o0 TR
Ho Eiz, A% LB L 2RAEEHZOWTHEXRAMT 2L . Z0MEBII oV TR
5.

A 1HE B R AR EUE

1. ¥

S, BWAERLID A 6 WMk L 2R EI5 A(FB-KWZ-01 ~ 15) T4 4. FB-
KW2Z-01 ~ 13580y C () . FB-KWZ-14. 15A%RER L £ 6N Twvd.

2. gk

bRt A S A 005mg 2 H 2B O LS . BIBE(HCD 12 X ) BREBRS R o o e, K
BE{E b 4 (NaOH) 12 & 0 BEHRRESE 7 00 71 ) NGRS & PR, JRMRIC & 0 7 0o 1) JLBRR (2 4
g L 72 R R Sy A Bt A (M- LA ) - BEALE AAA:AC Alkali Acid). iEEESE
B, KEE(ES b YA Imol/LCHD. LAL, SAEAHIICHZHEIZIL, 7Ln) ORKE
MBI AaA LK),

AEOREE, —BtiRkoME, Y577 1 ME@G eI E LAGKTRIET 5) ik Elementar#t
@rvario ISOTOPE cube & Ionplus#toy Age 3 %385 Lo ABEREME R4, WAEN YT 77
1 b - BRRARE 2 NECHRO N F7L ARV CHIE LmdILIZ 7L 2 L, s L
T4

WEiz s » FAMAR e ~<— A L L2 "C-AMSH R (NECHE) 2 v T, "Coits, C
W (OC/0) MCIIEMC/RC) R BT o AMSIRIERS (2 KBS 3BT R (NIST) 20 #1248
S BB (HOX- ID) . EIPREUT 720 A & 4208 2 1 2 BEEUE JAEA-C 6 %), o 2 ¥
79> FRMPTAEA-C 1)OWE LT, 6 "CIEMBRED "CRIECC/C) L IE L, Bkt
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oo 3 e TorE(%) TRLA- OO Thd. HATEET O3 1L LIBBY 043 5.568
EEEHT L. 2, WERRIZI50FE£E ML L2GERBP) TH D, B3R ER(One
Sigma68%) (ZHI YT HERTH Do WEFE RO TRk, EREFELTOREIZES (Swiver &
Polach 1977). #iz. BFBEMIZ—4THFTELAMEOGRY. BEBRECHC2 Y7 F7L7Iik
Oxcald.3 (Bronk.2009) ¥ IEi#¢2 Intcall3 (Reimer et al.2013) Td 4.

3. HiRLER

HOPERFEERIER R &3 - 4. BEEER L RI0554, L aai e, LEm
CRELRENAEZ, TAh)RER B LTARL oSy, wETRETE b0,
FB-KWZ-10 & FB-KWZ-1200A T o foo £275 L, S COBBC A A E IR 108 4 HeE
BAENTECVSD. MEORKE, FB-KWZ-01472240 + 20BP. FB-KWZ-024¢2445 + 25BP,
FB-KWZ-03 42420 + 25BP. FB-KWZ-044¢2460 + 25BP, FB-KWZ-05#%2,500 + 20BP,
FB-KWZ-06412440  20BP, FB-KWZ-07#2430 = 20BP, FB-KWZ-08#¢2450  20BP. FB-
KWZ-09712420 + 20BP, FB-KWZ-107135500 = 170BP, FB-KW2-117¢2420 = 20BP. FB-
KWZ-124°2435 + 20BP, FB-KWZ-134°2465 = 20BP, FB-KWZ-14#¢2,230 = 20BP, FB-
KWZ-15752245 + 20BP Cd 5 .

FEEROE . KA “Cl B A — 5 T MM A5568 & L TR SRR L. #k
OFEMEE BRSO B L 5RO "CIRIEOER, FORIIESERICop
W57 £ 0P MEF L2 Lt Lo T BERIETI 2 FETH L. WERF—F—t v

P it, Inteall3 (Reimer et al.2013) £ M\ %. 2 ¢ ®fili1Z, FB-KWZ-017°2.335~ 2157calBP,
FB-KWZ-02472.700 ~ 2,359calBP. FB-KWZ-03#4°2682~ 2355calBP, FB-KWZ-04 #2704~
2365¢calBP, FB-KWZ-05412725 ~2490calBP. FB-KWZ-064¢2697 ~ 2358calBP, FB-KWZ-07
742684 ~ 2357calBP, FB-KWZ-08#72.700 ~ 2.363calBP. FB-KWZ-09 72,679 ~ 2.356calBP,
FB-KWZ-104°40,564 ~ 30.616calBP, FB-KWZ-11#°2,677 ~ 2.356calBP, FB-KWZ-127°2.690 ~
2357calBP, FB-KWZ-134°2712~ 2384calBP. FB-KWZ-14452327 ~ 2155calBP, FB-KWZ-15
#2337~ 2158calBP Td 5.,

FB-KWZ-01. 14, 150 3 fii. 2200~ 2300calBP DRI % 5 L T 0 o Bk pf g4
iz At FB-KWZ-01 d#iocfC & 2, B S LR L D S M Luvas o 2 i damT
@ B. MEEALA 2400~ 2500BP SOBE MBI WLV % 5 T B 22, FB-KWZ- 2, 3,
4, 5, 6. 7. 8, 9. 11, 12, 130 11 SMIEEBIEE 17 2R RMEOWEATE { 2D, 2400~
2700calBP & . KUK~ SRR RO 933 . FB-KWZ-1012, FFwicde s
. BROIREL e IO RP G, TAZ 7V bOWEENSL, TAZ7 0 bk
WEHCHRHOMYATTI Ao Twd i, "CEFATO AV, O, MERREVE
EhatTwa,
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1. & #

SHTEURHE, B AR (LI A 5 A L AR RBESUR & 6] —o) 13 5UF 4 f(FB-KWZ-10~
13T 5, WIE S TABREN LSBT RLE LCit, BT 002wt CH 5.

2. HNk

FRTIZPEL . HORERE AT NS ¥ o 7 A IR R OB R . WIRIHEERGE T
EE L., THBZEAONY BT, BT eh VI EITh T, WRdiL 2.

BEEALA 7L VICAILTHAL, BBy b5, AZXH Loz, BRI
PSR ICRA S LS. IEEATIR, SRS AZBRMAICRAT LI LIlL2T, 2AXD
PR LTI MR R (— TR 24 b, I LT e MBS, MIEIZL T
RELLAEE, FrUTHA(He) £ L BB LZMT. JHICE T BEMICHRBOR
FIRTRERECON I, FERAFEFA(NCEATNENTZ, Tt h F AT L TR
LS L, SEHHRINEBRZ 7 0~ b7 7 A GHESRAED) L LTRINENRS. Zofis% bl
12, 70w b 77 AOEHERE V. TREFEE RO, JOBNT, REGR. BHAE.
C/NERMETE L. X NAREN A L TRERE G, NSRS HEHOEA SN L. RS
Hrat Tl BBE A 4 AMEL T S £, Ryviinodhdi L TEBREMIFL Z T b¥hici
SO Rk At 5. 22T, BRWERAGALCNON), BERER L (C/C) £
WET 5. 285, BEOEHREKETILATI R0, BROCEFAELBIE LT > 7N %
Wik L. Bk LT L Tvd (2EfEL TwW5).

3.8 %

HRERESI, KM EOEBERIGIIRT. FB-KWZ-100 6 "Cl2-219%. & "Nif48%.
SREETIH, FEEI213% CN (mol) 12663 TH &, FB-KWZ-11% 6 “Ci2-220%. 4§
N0 %o, GHFIR466%. SRIE23%, C/N (mol) 1£241 T H A, FB-KWZ-120 6 “Cid
-231%. & "NiE-01%. SHEIL5L3%. LVHEE23%. C/N (mol) 1£256 Th 4. FB-KWZ13
@3 Ciz-243%. 8 "NIL0T%, SRIEEEI6%, EREIL20, C/N (mol) 11319 THD.

4. % %

BEORERMEELT R 6 "Cld. KWABOERIIZEV T, BT EORYA S S iofh
ETRELEEALVONERTHL. BREGORLEOHMIE, 6 "CH-28~ -2% O C
L. -11~ - 9ORBEIEDC 4 HitzKE T sk, KEBFoRMMTAREC 3MMmT,
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HAERBOC 4t bx - 77 - FELEHRENFEL 22— 20 b RERELTC 3
WAL 2806 "Cit, C 36 L ZRBEOHE LS. —), C 3MPEC 4O
HEHRL 8. EOBRBAIIELT, §YCAC SHBHFHC 4MMFY AL, 20
LA, RO CE, KPR KERRO S CEIRT LI LT, ROl LD
EMERORINCETLLOTHLON, FLEROMEWORERNE Z(2h - 0P LilEET
&5,

HERN G, 6 "Cavh S VIEEBBORRINRIZE D, BRORKIOZRILEED 6 C
EEF L T B (C'-Suess ). BLROKAUH O RALEE D 6 “Cld-80%HHEETd 2 41,
HEREWETLIAT L, -64% R L ARG H LT 4 (Friedl et al, 1986). ZOEOFET, BRYEG
LA OB LRI 6 TCl1E, BUUISIES D & KE (Al ik o RS REERTHD
W 77 v 2 b, BRSO ERE SR 6 "CRTHTH D, BAORITER T
200 FHET, C M EC 4 IO DM LML Z > Tob, HATHEY & LIRAFIETRHR
DEBIEED § UClE, BRI HRTOS~ LO%BREA S hoTuwd LN EATV S
(Eide et al. 2017). {24511 2 CP-Suess B RIAEE LIZIERD LW BADSVE) Thi,

SROWEFNAELERT 6 "Nit, RPARORA BT, BIZLDEERE (ST
COFFERTHD. LoT, 6 "N b, UHOBEDO KRR SRR EETED. F
foo iR IEEE L LD b EES OB ES S 0T, i o iEd. B Eo i
W EREL DL S INPREVELISRL S S,

REEF A WHETLOT, BREETE/ SBREETRC/N &, B0 h¥EeiEET
BREE D, 2Eh, ¥ 2 WEBEICHEANA - AR EEF{ALOT, O/NH LY
WS Ky 8 2oty T e RS IS, IR Kt C/NDSKE (2%, C3HMEC 4
HIMEHOR L 25 iinis, 6UCL d UNTREDPLDPRWTELVEZAHH LA, ONIZES
TRASLEETETLIZENTESD,

106 1= 1%, AR Lo @ity & BUE O Rl & Hu TRl L 22, HARVIENIZ B 5 AR
OBF - REE LA AR L2 (Yoshida et al, 2013), BUEfH® 6 "Clt, C™-SuessI B2 hiE
ATME£RTF2TwB. Zh66C, 65N, C/NO320ERIZ T, BB EC 3, C3
WU 2O L 2ot C 4 Mt eI, dpie KU, dRREMILEIL Lo S - T
WAE T 22 £ T BRI HOBR >V TlET S 2 2 TE L.

FB-KWZ-10i£, & “CA%-219%, & "NA8% T, [IREAHECH D HaI EMPATEEL
Vi, RESHENTO%EMAZIIL KA, O/NIZEOEHAB LIS KELHELDILENE
THE, BHTEAL, TAZ7 0 b 2EKETIPHTHL LR SNL. HEERRO. #
i BRI - BT R S O 6 VC I -22% 18 TH 5 (RRIE1992) . TA7 7 b b OEEMR
BT THLT AT 7 7 2k, FHMOREKTOR TS 6 "CARE (. FB-KWZ-10 ®4
VO, MAIMEHE VWA, POV ATETEEIEIIL DIBAABEN oL 2 A, BW
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LT#EE M (leanrs, ZORBBLT AT 7 L b EEBETIWHCH LTI £ (1T 2.

FB-KWZ-11~ FB-KWZ-13i2, @t omv Bk %Ry, 6 N2 0~ 1 %M l)s
{ O/NBDEDBREVANFHMRTHS, & "CH-22~ -URBETHLZ Linb, ¥ 2150
T ZLVEREL FoC 3BT kL Lotodt, MthohrThi i ini.

3 HOE X AT
1. % #

BEHE, BE RN 3 M(FB-KWZ-16. FB-KWZ-17, FB-KWZ-18), #HEFi#a L Tv

AT L A(FB-KWZ-19), e fatfifto kb f & Bbh 25 1 S (FB-KWZ-20) 015 4 Th 2.
2. STk

i, WRCKEREMRNWE s » F 2 MESFHROMA LB Lz TALF—FlBEE
X ARSI OO TR & v T BT C L D RBORELIT., Zr oy Ay
285 A= —iK(FPE) £ VT, HESFOMBITEE S L. CEOFFLLE PERMIZRKD
fro WBESRHFEBLT ISR,

- XHEUTHT IS XGT-2500W : (b )5 M5 BT
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- BEIMEI #F—CCDA AT - REANE 25— CCDH AT

3. # R

FRE 613 T . TS EMBORRE R+,

- FB-KWZ-16

HESKIE L8R LR A A IRV T, AGEEHE, BRkD 2 PO RUERT 24 BTEL Tv
Ao SHEOHBTFRBLZ, PITIZEAS & RIFC, LRI GRFEL Tvh. THRIZO R L Tw
o WIRLERE, Rl EHOREPIERE SNINETH- L LRSS, WEORE, Al &
s hA PRt sz, SOl b, KIS T (@IESD) Fe,0,TH L.
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R & PR TR O, ARG, VRIS  CGRTF L Cvde TS S WL T
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PomE TR LTV D, BBEORE, ABL SIS, BRI SR, SoZERs, &
GEFHI AL H 7 (BLR () Fe.0:Thi.

- FB-KWZ-18

I LR OB MR T, RESIFHEIIHT SRR, LRN S TR ORE MEO—i
MBEHEORBATRS. WEDHR. K#l. Al Sh T, SAElahl. ZoZenb, &
BiFHEA Y T (ML () Fe0,Ch b

- FB-KWZ-19

LT, FEORRED, S B TS S04 AR EH TABT L TVD. @EORH
B kL SRR EAY, BRI E N, COZ AL, RGBS T T ([ERESL))
Fe,0, Thb.

- FB-KWZ-20

1 Ll S B SRR EH T L S LA Th S MEOMS. AL Sdhil
Sh. BAMH s, SOl Eds, REEEHEA L T (BEB(D) Fe.0,TH 5,

4. F %

ARBBRHZ R S 5 ML A T, B LTy 77 (BHLR (D), AR GHLAR), &t
(M=FES) Th b SRBHSNERIR, §OAT, ML LTy F ol shibos
H5E Sdvd, LA XSOBHIZ100um T, FHICMP VBT OTEMEENL 2 A HED
A LEEEOLCERAEEL TV AOT, SR EFERC IR MR o e b RET 2 2
Ll WiZ, NN FOHEE. BLESINIBPFERIZHE SNLDOT, X7 0HA
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HE R ERA RO D Z L REE Ly, ARHCHRT ARERERICOVWTLEETH S,

WBLWCI, S RBE ORI B 5020 T SHi Ok E AR IS & RIS
& L. WliOREEEFES SR 2VEgE. LG EOMBE RS ET L LTHRL. %50
L5z, BhicEEnsikid, FB-KWZ-16. 18T7~8%, FB-KWZ-17 TR 12%RETH 5.
#F SN TV LWATCIE, FB-KWZ-16, 18 T30%H, FB-KWZ-1T Tk 1T% Tho 2o wiid
Wit & b RERGTHESECI LSS, NPH T EMbhSD, FB-KWZ-17 OFBHIE 22008
o N HIORGERY DLV EEDILS,

FB-KWZ-190Filllid. AEmktaind L Tva A2l L. Bl L Tosmh & i
L. BMOEESREISHT, HfF LARBERETI T, 2%2 405, RBHETTHENS
VDI ERG, NXHTERbID,

FB-KWZ-201%, MUFHEH SH5E SR Tvd. BT3% T, B20%Dr 4%, 5%O7L =y
AEFGATOLI Edh, BHEDONY H I Thb, XXA 7, STEELATFEYIHAGN
G W#, BAARALOR, FERSHITARRROFETH S RET 5 LR B0k
FiilEoT, BOGTHBRIIKELRL), 0~A%ERL, TLIZDA LA FLHBHEN,
30~T0% %D, AEHTHRINSALAZ T, REEEHE L TRESREELTLED
L&y b9 —20 ATk, DR CHET 2800 7 ) TIZHRT 5281 ik 5
Thb, Thlt, REOEHEERVRBLC. 7Y 204 2 0Aa— 7 £ 2dETE THifks
TRETIL, S TRRAFFTHLDEIPWETES,

ARy FHUZ2VTIR. W CADOM AN D S, HBETERIMITEREM T, MRt
W< P Et665g M L Cvi B o ¥ 20m @ B[~ MPEO TR, F 2 10mPEE, Tk
4~5gD 3WHEH LR, ROBGARIMABHEHS(HH13). FLLI 2T
I Z WA FEHRA LR T OB L TvE, S, 2Lk E L, BARD~
TomTH S, WHHIZE D, BIETOXKIE IR FTUBRAMEM L, REkEiE EhE T 28
et L7z b o kb S5 (ATR2016) . BIOLL 22 SO~ FAMBREFC L AN S,

51 xRk

Bronk RC. 2009, Bayesian analysis of radiocarbon dates. Radiocarbon51.337-360.

Eide M., Olsen A_ Ninnemann US, Eldevik T.2017.A global estimate of the full oceanic 13C Suess effect since the
preindustrial: Full Oceanic 13C Suess Effect. Global Biogeochemical Cycles 31, 492514,

Friedli H., Loetscher H. Oeschger I, Siegenthaler U. Stauffer B.1986,Ice core record af the 13C/12C ratio of atmospheric
COZ2 in the past two centuries. Nature 324.237.238,

MEF 2016 [ HEUGREL LR LR OR BB L O 2 MONEL T HEECT LR R 55
BELGBF R SR A T 45810 JCTE] B RN EOTEH & ppaTST

Reimer PJ. Bard E. Bayliss A- Beck JW.. Blackwell PG, Bronk RC. Buck CE. Cheng I. Edwards RL. Friedrich M., Grootes
PM, Guilderson TP, Haflidason H. Hajdas L, Hatté C. Heaton TJ, Hoffmann DL. Hogg AG. Hughen KA. Kaiser KF.
Kromer B, Manning SW. Niu M., Reimer RW. Richards DA_ Scott EM,, Southon JR, Staff RA_ Turney CSM. van der Plicht
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2 HRENik
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