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Abstract

An AMS system (Model 4130-AMS) dedicated to'*C measurements, built by High
Voltage Engineering Europe (HVEE), B.V., The Netherlands, was delivered to Nagoya
University in 1996/97. Acceptance tests of its performance on carbon isotope measurements
were completed in January of 1999, and routine measurements began in mid-2000. Since
completion of the acceptance tests in early 1999, we have encountered a lot of troubles with the
machine, particularly in 2002. Since the end of 2002, the machine has worked relatively well,
expect for minor problems. The standard deviation (one sigma) of the '*C/'*C ratio is around
+0.3% to +0.4% (a bit larger than the uncertainty of about +0.3% calculated from *C counting
statistics) and that of the corresponding *C/'>C ratio is +0.03% to +0.07%, as are tested for
HOxXII targets. The number of targets measured was 330, 1430, 2077, 1003, 1,979, 1679, 1772,
1115, 1339, 866, 1300, 1701, 1449, 1634 in each year from 1999 to 2012, respectively, and
total number of targets measured by the end of 2012 is 19,674.

The Tandetron AMS system worked well in the early half of 2012, with only minor
failures. In September, a noise became large from the '2C” beam chopper, in the recombinator
system, owing to the problem of a ferro-fluid-feedthrough, which had been used since June,
2008. We have replaced the ferro-fluid feedthrough to a new one. Soon after the chopper
problem, the turbo molecular pump (TMP) in the recombinator system was damaged with the
bearing of the rotating fan. We sent the pump to the supplier for repair. Because of the broken
bearing, the rotating fan was seriously damaged, and we must purchase a new one. On 24™
October, a large noise was generated from inside of the accelerator tank. We decided to open
the tank and check the parts inside. The problem was also a bearing mounted in the power
generator that supplies electric power to a terminal turbo-pump mounted inside the tank. We
can get a new generator in a few weeks, because HVEE possessed one for spare by chance. We
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purchased it and replaced the damage generator on November. After tank opening, inner
surfaces of the accelerator tank absorbed water in the atmosphere, we spent much time to
remove water vapor from SF¢ insulator gas. We had experienced twice of high voltage sparks,
but no detectable damage occurred with the accelerator system. We could have restarted '*C
measurements at around mid of December. Owing to these difficulties with the machine, the
total number of graphite targets measured was 1634 in 2012, smaller in number than that in
2010 (1701), but a larger than in 2011 (1449).

Keywords: accelerator mass spectrometry, radiocarbon, ferro-fluid feedthrough, turbo
molecular vacuum pump, accelerator terminal pump, generator, 14C wiggle matching
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1. IILHIC

ALAHBRZERVERET R Z—1T, 1997 £ 3 AIZEME - High Voltage
Engineering (HVEE)£L#! Tandetron (Model 4130-AMS)i, BN SRFRBEECHEH O A7 AT
B, Cs AN FZEAF IR (Model864B) , Va v EX—#—, IMVR—ADZ T A
IEESR, 110 BB LU 90 EHiTAEOCHERAWERAZE, 33 EMTAEOBET 7L
. RBEGA VT EF UV HAZHAVIEMEREA A LV BREBE»LR25, Va3 BERX—F—¥
AFAIZEY EP RO, PO, MC e — AR BESE, 2D & EIZ chopper wheel & IV T 2C
P—ABERHEDDO —KHRREEY, FOBRIC3 SO —A2EBERHS L TIERBICAKNT
5, 25 LTREMC, BC, "CoRKHEEZITV.,. REOCAMNALZEREECRETE 3,
1999 4F 1 H iz MC/C, PC/C LBIE O BERIE KT L. 2000 £ 52 b2 ALFF H % B
#h L 7= (Nakamura et al. 2000; 2004),

2010 Tk, SHEORMBEN Y 2 A7 ADEFRET I LB TER, 2009 FEDOEN
METHTCTYZ L THWERBMT LS, ZVAFLAEZHRE L 1997 £ YRk, High
Voltage Engineering (HVEE)#: D #3227 At windows3.11 Z_X— Rz Eh T, %
Vo bk, BEIZ windows95 BERBINTWEDR, YoM IEHEHEIZE T windows3.11 23
— AR LB AT 2BEbRAT W, CORY AV VRATFLADNAN—FUZT7OREL R
WEEEICEL . F—Eh2RBAIiE, FPATLAOEALNEL, BREBHONE L RN
DEERFHERTWE, TORVEBFZEEN2010F2 A 24 B25 3 B 16 BIZiT T,
Thbb | FOBRDOERE b, FRCHBAIWERHBE S X7 LAOFFEE, £
IR EREERBE L Ao EbER- T, 2010 iz, #—4 v MRET 1701
EERETDHZENTER,

—F., 2011 EFRERLBEBE- Lo b0, HERZA A VBIIBITEZZ—Fy A
BOFF TN BRI AFXF—-HOBEESTBBABERGHK S 7TOEENREFEE V2L,
ERHREENBERLEZIL, EHIHBAAYa v DAL —F 47 « VAT ADRERRKE
EOBEBEIREAL, 8~9 A, 2 A "CHIEBCRELXEL2 XL, EHMOMEFY—F v F
BIT 1449 fAIC & FE o7, 2012 F9X, 2011 ELRABRBREERN R NI TR b DD,
10 ARAE CIRIERCBEREAN, LML, 20124 10 A 25 Biz, MESEEENL O
EBRVEL 2D, MERF U 27E2RTLLIA, FUr7NITHRELTH S5 RHRER O HIELH
HLE, BREBORZRIC1 »AULEZEL, BFABZ2BEODTEON 12 A5 LR, Z0
7o 2012  FDOBIEREIT 1634 MBI L P E o, 2012 FERCBITIREESREZI—F v b
¥iX 19,674 ETEPDY, 20,000 MEENICERT S Z LTk ok,
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ABETIX, 2012FE 1 A5 2012 12 HRE T 1 ERoHER R L, EoRRE &
»5H, T, ToHBEIcThhE UC AIEMEO—BE2BAT 5, ERFIHTEIC L BRE
oW TRHEREBCZFREINAN TR EESE LT BT AMERMGEEZSRENE Y,

2. 2012 EO—EMOEGEKEOBME

012 FFDR¥ER, A FVEOF—F v NEBRBEORRS, B=XAVX—MOBHEERZHE
BADBRGEHKAL 7OBETVICISEBROEE LR, R0 nECLRABLREEN
BREFTABRHoELOD, BFEIERICHENEALE, ZOB. 4A17TARTS8HSADMH
BiZ, 20102 A 22 BUERA LBV ICMERHBLEOKREBERREE L, BRI X SFaOE
RITEHHEERLTEY, HIEBLERAOh Ty, RERIZLBERAEEIT o208,
BEOEBIZIARLN P, MERBREEOKEBORE B EHK TV, 2012 F D%
Tk, RO IARLELE, YA 19 RICICAAVF a v A —BEFRZD ferro-fluid
feedthrough #%Z# L7, 10 A 18 BIZBAFT v HOFFA R TELEZHB LT, 9 A 28 BIZ
BRUVavbex—F—DF—RYyFEERTEZHBLE, 10 H25 B2 5 11 8 30 BighiT
THEMEES VT HIERBELTHAF R TRERTRBHAOBRHEZREEIEIREBHO
RWEIToT, ZOEET, MEROF 720K LEED, IERY 7HOEBICHE
LlieAKRGDBHABY A SFe DBEREEF LS BALZ T SFe A ADLOPKEESL Z DI
Tol, BREEMMTA MO, 12A B3RV I1I2A24 ACMEREEEDOKELREA
L, BIiaAVIIHAEITo7, 12A 1525 12 A 16 Bz i T, “CHEF R F
EREITWIZEHEHRIBERBEBONEED, JEHE SFe VADOBMAKEEBLER L,
12 H 20 A bEBo “CHEEMRDE, £, REBOBEEHOMIC, 1A VEokFiE
L, FHiler b g/ A RIERHEHLE, 20 L5110 AEE»S 12 AR,
T HCHERSRARERRREES, BEMNIC 12 HRECO 1 £ 1,634BOF¥—7 v b
BT 2ol —HFEORBFICHRTIE 6TELLRZVE EELY L 200 BRE
WML, 202 FKETRHEELAEY—F v FORBREIZ 19,674 B THS. % 326 EOHIE
T 20, 000fHIZZ2Y, ZOBMEE 2012FE0HEL LEBEN 2o, "CREZHBLE
1999 ERL I NETRBIT S "CHEDRESL R 1 RUR 12T T,
£1 #HHoFr—7y MlIlEEEHERRE (1999 F£0HERMGI D 2011/12/31 £ T)

EHHE HEL—4v b (A) HIERM (KRME)
ks £ 1 A BEHE £ A
1999 330 28 330 352 29
2000 1,430 119 1,760 2,234 186
2001 2,077 173 3,837 3,161 263
2002 1,003 84 4,840 1,545 129
2003 1,979 165 6,819 3,219 268
2004 1,679 140 8,498 2,837 239
2005 1,772 148 10,270 3,456 288
2006 1,115 159 11,385 1,584 264
2007* 1,339 134" 12,724 2,136 214"
2008* 866 144 13,590 1,488 2487
2009 1,300 186> 14,890 2,470 350%
2010 1,701 1559 16,591 3,027 279%
2011 1,449 140° 18,040 2.856 286>
2012 1,634 163°% 19,674 3,204 320%
1) iBILE (EEAIITIX 2007/11/1-2008/06/20) DRk, EREIEEEIZEELE.
2) HZEAA 6 # A 3) ABMERA 7R 4 HERA 11 5 A
5 B%EARH 10 4 H 6) B%6EMAHE 10 4 H
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3. WVEE 2 > F FOVILEREES A OB EDHM

K21, 02FIBTHD2EADEVDOE—Fy MUIBEKORZ V7 hu v INEFEESH
HORAEAORIAERT, R 2 KEFEZEBEOY L, Bz, "CA AV Fa vy A—FHBHRO
ferro-fluid feedthrough MZ#, Va2V R —F —DH — Ry FEZER Y T OB K CINERS
B IRNDE—RGTFEERTHREBAORBEOBRBFIZONWT, UTRHEAEZMZ 5,

3. 1 BCAFUF gy —BREIROD ferro-fluid feedthrough o 33 #

A A VETHRENIREFEA AL DI L, REAME TR LEEFAESE Y 2C T,
PCAAVERIT200ARCRD I bHD, COBRBEDA AL EMEETMET S &,
HRICKERARBLNLYD , MEBEE 2.5MV ZEZEL TRETHIZENHRK RS 2D, %
T, MEHIZMESANL BT ENIBABRERFEFICELS RV BENREE2EHE LORMEIC
2%, TZ T, MEBRICA A EAFT AN, PCA AV ERE 1/100 ICHET 2 EBERH
boTWs, ZhW PCAFrFav—LtEFbhdboT, PcC, "CArtrizznEET
BEESERNL, PCAA OB ERERAY v FEAWT /100 CEFES® 5, BEERNICH
LZEEERAY v NEEZENMIHDIE—F—2AVWTEHRHTIEZHOICEE Y — LV E2{TWVODEE
FEREANGEZERNIZEZ 58 & LT ferro-fluid feedthrough AW H L5, ferro-fluid
feedthrough IX[EIEEEH 2 L TWAH 72D, FHLTWAREIC, EZEY—ABH{E L TOWNZIT
BEEROUEBET D, S0LZABHIIHERRVWED, BEERLUBARBELEL, 20
feedthrough 2 XM 5 Z LT b, ZHE THUWT W feedthrough Id, 2008 & 6 A 2 A #
LebDTHY, FEHAKRMIT 37,000 REIC25, EE1la,biZmd i, Varyex—4
—DEZER2KRIZE LT feedthrough OR¥ETo e, RBARITIHETZTORENITL A LEL
RYIERICES L TWD,
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BEE 2 Chopper wheel
ZOMEBONRBICHEE SRR Y
v FBRHAERTND,

BEH1 Varyex—#—iicdH % chopper wheel
DATw Y, HREIZTIZ wheel BREBEE N
b, EFEH N ferro-fluid feedthrough

3. 2 VarvvERxR—F—0DF—RpFREER, TORH

201349 A 21 BHE0b, VarvERr—F—lbrEEZHNIRTEZEREHL, E
ZEOCEBAEZRTERBE T ER,. 92 ARV a v X —F -2 T 55 —REZE
RUyTBRERELEL, ZOREBRBEHKLEL Rolk, FHEBBALTCH DT
LMK "CREEZETAVNEIE o ROA LY —ROTFHEHER T2 EBOD
DI A—A—ICEM LA, RTOPERWEIRLLIAT I VY ITHRBELEDODIC
RTOPOEEBICREERECTVWAEZ ERHBALE, 7Y U I7RBTIX, TEICR
bWk, BETHL Lotz
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3. 30 MERBFVIAOF—IFGTREF L TREBAOXRBRBOZH

T oEBREESHH T, B AV 20BROoMEETMEL, B4 2B~
AVIEEBRL T RAONEE CEIIME LA A VB TORIAX—2EL T3, ZO/
BEE#II, BA A2 TNI L HRACHREESE, HEZFINANX—TCA A VOEFEREIERS
R CHEITT S, WEERIT, DEBOF—IFAVEREIRLAEAE 12mm, B & 120cm @
NRATNTITONLE, F—IFTNVEREESNRTZEAr AR AnB Ar A B LT OMNE
BRAAL TRV — 28N, 20 Ar T ARBRRAKNESRY V7 OFmICH DI EER I T
REns, COMBEREZPRILLTHIHC, EERTITML) Ar T A%, WEEHR
WA TOWMBFOLE AT —RELBR T TCEDCT, WEERASASTOFRIZELTRS,
THLT, WEEBAL F7E2EBED At YA CHELTHEEREYRILIBI2S,
2SMVOBEBER PP TR EIALLEF—REBR FREZVITOADPLEBRI A
I LR TCERN, FITC, MERBF—IFATHEBELTCE—RPFR - TOEBEL E
Nhed, SEE, TOREBOXARGZEEIEAERTIY VIBEEBLE, ¥ HAI2 L
MEB Y 7 EE»L YCHEPREFEFRBRA L TWE, 2O0TERKREITREL 2Tk
TR, 10 A 25 Bt 2DEER— R RKELLhofeld, MEHFZ 27 2T THR
EERTAZLELE, F—I T NIRRT A2RERBELIEGAGEOREBROT Y 7
VBEBEEEFY, TAE2RRLELEIAS, BRPOECHEBBORT Y A TIITEENE, LD~
TUIyZ7iE, S0 ZABERNZESHUHALELED, HiILEARBRAOREEZEA L TR
BefTok, BERBEHM CHoLN, FVEHLF T eV NEREESTHO AT —
¢23 HVEE fHicEERH Y, 2 B (11 A 16 H) THWAHKE, TO#%, BEERMLEBH
REOEME/RTIIA Y ARREMORHRIEELTT- =, ¥U7HREN 1 » BBEBEKZSh
TWielkdh, FUrI7NOR—=VZAZBHEL TS, Fr272HbTHEYT R SF 2z
L, ARICSFeOHADZIToTc, REEARRBRE2ITo LA, 12 A 13 HIZXK
FRELETIHBEENERRELLIZD, SFeP LUK EZ#BMYELL. 51212 H 24 H
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b, 2HEDOHRENREAELE, 25 Ld, 12415 B35 12 A 16 Bio»iF T, “C Al
TAMNEBRETWZIEWMEHRAIEREAREON =720, FI&#EE SFe FADOPAKREZEH L7
Bh, 12 A 20 BoREBO "CRELZBDE, F—IFLOREEI. To%. RELR
JEFRICEBL TV 5,

BEE4 MEBY L IHNORTFOZDODOF
v DB

BEG6 o TWEREEOR—- LT v BE7 HBY - 7HATOREBEOIZHE
7 DEEIRR L =

BERE8 MEHRZI7ANDOERE
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£2 WRREREZBIBZ IALEDOZF—F v PHIEEK

B |HEES | WEHK |batchK = X ¥ k
(17947~
1 18190 244 18| 1/1 #—# v FRXBROESBHAR

12 #—5 v FRBOEHRR, #F—F v " RBOT—AD
MNEAE. BERE

1/8 Cv—AhF g vs9—0 ferro-fluid feed-through DM F
BRELARoTVS. BEVIHI B, EERAOTEES
n.

1722 Varyvx—4—RHUOERAe—F ) —HER T DN
EREL o, TALTFABORy FITEBRL
7.

128 294 FRy7 + a7y —d He-gas E/1 38 18.1
~18.2bar iIZIE T L7272, He-gas D W& 1T 72(21.0
bar) .

2 18346 156 21 [ 2/25 BHAABEREEBEOABIZEIZIAKBETOEDF F—
ooy R ELL,
TS AFTRATHRELE, Z7IF5A4FRTOHRE

2/27 #&HK 10L B0

2/28 #EK 10L B

3 18421 75 9 |3/22-3/23 7 FAXR T OEMRTFHEE
4 18613 192 17 (419 AFFIr—F v {(Vary-Ta—A v )% 250ml
B
4/17 HV spark system down
5 18783 170 16.5 | 5/13 Z—4 o PO REI/E, “Serial loadNext command
failed”

531 LoDTFUVA—FI—FEEBEHSLTRYBLTHERAR
4 (PB 5-41-185-4002)

6 18903 120 12 [ 6/2 HVS5 (HE vacuum) ¥ EZESIZ L Y trip down
telemeter card % A% #
6/9 HE magnet “external error”
BEIK 10L % B0
6/26 Q-pole vacuum A3 ZEHKRE(L
6/28 HE turbo-molecular pump @ rotary pump /3w & 7 o 7
DELZRHLL Rofci®d, HOD rotary pump & 3T#
L.
6/30 2 A AR TOEE
B, Q-pole vacuum B/ ARIZEEENLL TV,
TIGATR Y TORKHF ABDOAHLBEICLAESE
W ChAH2EFMLT, 257A4AFRTOHFEEIToK.

7 19072 169 17|71 795 A4FR7TOERS
723 FUTFEREOITaLOE 2 REMB CRASZHREO
R AR, EIELTEBEELE

8 19238 166 20 | 8/5 “terminal sparking”iZ X 3 trip-down %3 3 B3 CTHEiT I
A
11:00
11:52
14:40

E3EFEAE, DERE, BEELTER
8/23 RHB/OA VT 7 5
828 A FVIFEGEHBHE T A—L AT Tar7r—S vy K
(M-2) | BmIEE
chopper wheel @ Ferro-fluid-feed-through @ 5 23 K
EL{pote
BHKF T —2my b7 4 VE—REREHHK 10L
Lo =B |
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8/29 4:00AM 2 —# v FM3a#r T —
AFEERTCRABROMERE, Wheel DEHETEHHL
BHELL TR,

19311

73

9/14 HV?2 (recombinator vacuum) D E B K E U,
chopper wheel @ ferro-fluid-feedthrough = = v + O #
EBR—BRLRE 2o, TERBNE.

9/19 chopper wheel @ ferro-fluid-feedthrough == h %32
L7, FIEIORYBEXLIL2008FE6 A THY, TO%
o B R 1% 37,000 BER.

9/20 BRHEEODA YT ¥ L RHh

9/21-9/25 HV2 (recombinator vacuum) DEZENEE, &
1k

9/25 recombinator TMP 2341k, HEENFHE.

9/28 recombinator TMP MV 3 % {F¥

10

19411

100

15

10/1 6:00 AM ”Serial loadNext sample failure” B3 AE L T,
ion source I ¥ — % v FE AN EEEL.

10/10 HE Magnet PS 2% Sk, HHARNL CRAIERAAREL.

10/11 &HAKFZ—z=w FOWHEK 20L 23850

10/12 HE Magnet PS D& HIK A 7 O BB ) P if

10/18 ion source @ differential pump R HD FF A R 7
DAZHL,
2009 1 HUARORZHRTH S,

10124 ZUFE 7 OMER—BLEBLZoT.

10125 B F 22 OEERFILEL ko, SBRO®
HicF - 7HEEBHRELE.

10/27 SF6 H 2 OEIIN % B #.

10/29 EIREEOHEER L 7OEBEFANVER

10/30 %7 H

10/31 7RO, BEBOST I FOFRLHBE
hie. A7V oERSEFEDH AR

11

19411

11/1 #—IFAOBEHRE2M A L. BEHOREE DM
ERRPHE. LOXT7 Y X TRCTAL—AZEH
BELTWAXSCRBLONG. BEBRICREBONR
B0 ATEEKE

11/2 HVEE AfLIZBREBOEERSHSERAHELE. =
NERBATBHIEELTE.

11/16 BREBOAWNEY, L XHEERARLEHOERY %
FH k.

11/18 A RKEILF ¥ AR LZESE

11/28 Zo5Frrr0R2r27RN0E8, R

11729 REHEOWY i1

11/30 #oFbnor0f8 7AOMBRIET, S, BEOR
TickbY, #r7 %A, EXBE, ERE, N, T A%
BT ANTARGOBREERARS.

11/30-12/3 A A VPORE, T773A VA DF =7

12

19580

139

14

12/4 Cslg #FiE

12/6 Cs reservoir Control ®FRR. Tr> AMS OH X ACH
# L& Z A, temperature control 2= PORER &
389
SFs O FE3E % FH if

12/7 7 54 87 OREE

12/8-12/12 HV OfFMF A F, SFa A DBAEE

12/13 BIEHEORELHKRE (KEZEXHER)

12/14-12/18 SF¢ H 2 D AKEE

12/18-12/20 H 1 EADQHET Vv HREZEICET

12/24 BoEBEOEEEKRE

12/25-26 SFe¢ H A D BiAKfER

12/26-29 H2EEORET VBAEEICET
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12/28-31 SFe A A OBAMELE
12/31-1/5 H2EEBWUET »BEEICRET

& B | A
1634 166.5

4, "CARDLRATE : BEAMOERAEE “COI TN YF YT

BESCEbPRh TWELERBEBEZSNT, “C EREEEZEE L, BETDOX3 R
BRTCAELVMLIOBHORIIELATWELSITERDRE, AMEPRLT2FILTHA
DEHEMTLEELDOTH D, ERMBEHELD L, TOLEE 1 & LT, RAERIT 66 5 67
t#Ezonsd, FLETIFEHEN Smm BE L H 0 FERFHES LT VS, AT, FWIE
BEL o THBY, BRAERIT 6616 THBIT-ZY LAdhoT:,

WER A L BEAEIZE A2 T, No.l, 26, 66-67 ® 3 EDOERRE 2L, BE O(LFEHS
FETHEW, HEE- KB Y v A- HEOETMAKEZITV. 9mm AEEZAVTE
{LRZEIRA E LTRABZRBE LT ZBIERBEREIETHEIRL, MK, ARBLET
75774 VeB(le, FUoTF b UMEREESTHEZAVT "CERBELZTWV, 40
ol "CERLEBEEREZGL, SIAOREZZETH L. FoRHLBELH L. MU
Mo TEL RBIITTHEHE, £l C FROMIXLLFILR>TW B, IntCal0y BE
F=E BT YCERPLBER~BRELZITI L. BOonBERIZ.BICRT L I,
EHRECEFLEFAMT I L Bbhodz, IntCal0I BEF — # ik, BB 1050 E~1150 &£
T CEBERBEL RBIZONTHCERIH L LEMIKEH B, Z OB EAM ORI,
HREKIZIVESIKARETD “CBESBIVERNICIIRHNCREL T, XKEFTO @b
REEZRVAATEREERLEZLCRB C UL TN v Fr VI E3L ERFT AT
5 &, BAERT 2 ERREEOHKE T ADI1I11~AD1154 OBEERICHTBHLITR B,

K3 AEAMPOLERRIWEERAPL IO "CERPEHEBLIUCREBENR

RO ER Bt L BE[(E I & |8 PComp’ [*Cage |C FREZBERCBELZ|[HESS
= B [ O RBHCO, D B &|(%) (BP) £ (Reimer et al. 2009) ** |(NUTA2-)
H#(mg) [(mgC) B IEFERFE (L 200 HH)

(%) (7] i O BESE : probability)

HRI-1 |KF [6.85 3.10 -26.0+1.0(895220 [cal AD 1044-1097 (38.6%) |18838
(45.2%) cal AD 1119-1212 (56.8%)

HRJ-2 | KK [6.76 2.96 -24.6+1.0(944220 |cal AD 1028-1154 (95.4%) [18839
(43.8%)

HRJ-3 [K A [6.72 2.84 -25.4x1.0(954220 [cal AD 1022-1059 (28.9%) [18840
(42.2%) cal AD 1066-1154 (66.5%)

*) 8" C=[("’C/"2C)sampie/ (P C/Chppp — 1.0 1X 1000 (%eo),
Z Z T, PDB iX Pee Dee Belemnite DB CIRB AN T ANLRARAEDILATH Y,
Be/Mc ho@ERE&L LTHVWLNS.
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[EFAURIE TR

BOER

R _Dhto HRJ-3-76
AR RI2T S PN

i
% |

HR9 BEAMOFRK
4 3 EDOAMFEED 14C F L IntCal09 BEDOETRNAMOREIZHT5
BERBET—#ty &0

uUC ERENPSRD L, BH, TR, KRAMOIETREBICEHEWVERICR DD, BERRELZ
7oL ZDIEEBETREICENBEERICRY, ZELEERE I I LBHD.

5.8hYIc

AEHBRFZ T b UMERERBIEY AT A2k 5 “C ERFIETIX. 5 TEE
DHENREBHZOW T, FIEEFICE20~ 30 FDiEE (1 ERRFEZ) CHENRHEIE N AR
T& % (Nakamura et al. 2004 ; 2007)72 8, BER L OLBB LR E S5 EMHRFRE L
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