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(2) IMEtRERIEICK BETEK
AHEE no= eNr/t
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Nr = 14C [RF#
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ATEER DL

aTEAR (EHE n.('4C) Nams('4C)

1 hour |1 mg 0.83 26,600
T hour [1000mg | 830 26,600
10 hours | 1000 mg | 8300 266,000

e.=1.0 Eams=0.1
t=8267 yr |I=10uLA
=6.2x1013ions/s
Nr/Ns=14C/12C
=1.2x1012
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10 Error of **C age in 2014-15
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Fourth International Radiocarbon
Intercomparison (FIRI): AD2000

1. FIRIZSMLI=AERERIEEHF T2 (37HEM
)

 AMSHEEZ HN2 SEFh

H R BIEHEEEE (GPC) iEER AN 1 8E& R
SRR UFL—a EE (LSC) FesR MN49E )
-BARERANDSIILO6HER (R2SHE) THS.

2. MR RHMEE: 2000512 A RET




FIRIZZMML=-BADCRIEMEZE

HCRIE &
No |#ZH#EES MCHERE
1 | WNIRREEGR R FL—ay
2 | KRBRF‘Em#EFEMAR | RESFL—3r
3 |V Y—AA(%k) R FL—3>
4 | BEHEXRFFERAEE | AMS
éf‘ltu 7'7"7'.."2\/&_
5 |FHRKF HALLBIETEE
6 |REEFEKF HALLBIETEE




FIRIEA# DY X+

Sample Sample Material Amount | Suggested Lab.procedure
No. Label (9)
No_rr_nal No_rmal Normal precision
precision | precision
1 Sample A | wood (the Kauri wood) 5 Lab's routine proc.
2 Sample B | wood (the Kauri wood) 5 Lab's routine proc.
3 Sample C | turbidite carbonate 10 just fully hydrolyze
no further pre-treat required
4 Sample D | dendro-dated wood 4 Lab's routine proc.
(Belfast Scots pine)
5 Sample E | humic acid 1 no further pre-treat required
6 Sample F | dendro-dated wood 4 Lab's routine proc.
(Belfast Scots pine)
7 Sample G | Barley mash 5 no further pre-treat required
8 Sample H | dendro-dated wood 4 Lab's routine proc.
(Hohenheim oak)
9 Sample | | Cellulose, extracted 1 no further pre-treat required
from dendro-dated wood
(Belfast Scots pine)
10 Sample J | Barley mash 5 no further pre-treat required




AMS 3255k =5 O I E 5 R O F-2E &
L EHBRFEOZ T b a RS E EOATEHT L DR RO Hig

sHe | SR 4CEE AT 4CEE AT (E LEBARZ | 013CIERE(E
&S 19 (BEHBAZ) DIERD By IRMS
(AMSEEZ) | (pMC, yr BP) g\"gj’ﬂfﬂf (BEEAZ)
(pMC, yr BP) (%o)
FIR-FA | siA R 0.17+0.007 || <0.271+0.030 +0.101 -23.8+0.1
FIRI-B | #KF 0.17x£0.007 <0.261x0.032 +0.091 -23.6x0.1
FIRI-C ﬁ&iﬁ(CaCOQ 18183%+13 18106%+46 -77 1.1£0.1
FIRI-D | KK 451914 4464126 -55 -25.0x0.1
4496+18* -23 -22.810.1
(*£)LO—2X)
FIRI-E | 73 B& 11805%9 11823158 +18 -28.9+0.1
11830+53* +25 -29.0x0.1
(YRERgERA E: 0.2mg)
FIRI-F | #KF 451914 4463%45 -56 -24.7x0.1
FIRI-G | TUDALIEKRZE 110.52+x0.05 || 110.75x0.46 +0.23 -28.710.1
FIRI-H | &)LO—X 2238+6 217423 -64 -24.810.1
FIRI-I )LO0—X 4483+7 4468140 -15 -23.5+0.1
FIRI-) | $UDRLEKRE 110.52+0.05 || 110.51x0.55 -0.01 -28.91+0.1




0 Sample C/turbidite carbonate
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Sample E/humic acid
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SHDEI—FAHDCRAERTRDE

D L ER
A— i | ZEDFHEDOEEDORE BAHEKRE
FoDFE B HRE |B DIER
A-B 0.4 3.04 | 0.04 0.01
(pmC)
G-J -0.27 3.72 | -0.12 0.24
(pmC)
D-F | -31.8 324.9 | 17 1
(yr)




FIRI-E, dependence on sample amount
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14C age and Dendro-age for FIRI-D, -F, -

Comparison of *C age and Dendro-age for FIRI-D, -F, -I

§‘—4&—4NTCAL98I
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14C age vs Dendro-age for FIRI-H

Comparison of *C age and Dendro-age for FIRI-H
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VIRI (Fifth International Radiocarbon
Intercomparison): AD2005

(56 5[EIET 1% ik = E FR ELER)

1. Period: End of May, 2005
2. 14C Labs participated: 66 labs.
AMS (INRZFE =7 %) :32
LSCG&RIAD FL—32ik):31
GPC(HREBIFTEEE):10
Japan:Nagoya Univ., Univ. of Tokyo---2 AMS labs.
3. Sample distributed (4 kinds):
Barley mash (x#4x%25L1=30) : 4samples, 2g each
Charred seed (ik1t54) : 2samples, 4 grains each




VIRI samples
(555 [T 4 ik = E R ELER)




VIRl Sample Aand C
mash:##+ LX%E25L1=£0: 2gFR %)




VIRl sample Band D

(seed grain:FYIDIE : 4 FiiFich)




Results of VIRI and comparison with
Nagoya University

Sample | Avera | Medi | Std Min. |Max. [Nagoya
No. ge un (x10)

A 108.6 |109.1]2.78 92 113.0 |109.6+0.3
(PMC) 109.7£0.3
B 2825 2821 [198.7 2460 (3979 |2752+25
(BP) 2803128
C 109.8 | 110.6 [2.35 98.6 112.6 |110.7+£0.3
(pMC) 110.9+£0.3
D 2859 2835 |185.2 |2580 3998 281125
(BP) 2832425
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Barley mash 1o
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Sample B: charred seed
Sa m ple B: 120(median age:2821 BP from 106 ' ‘C values)
AR B N B L B B B
charred ’
seed
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Sample No.C: Charred seed
(median value: 110.6 for 110 values)

Sample C: i
charred 100 |
seed
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Sample D: |
Barley mash
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R HCO,NDUCRERITE D EFRLL 3R

Spl-1(Tank 1, FARI-A): Air sample:

Collected place: at Niwot Ridge, Colorado, USA

Collection date: in July, 2006

Remarks: ambient air sample,
CO2 concentration: 381.42 ppm
D13C(C0O2): -8.40 permil

D14C(C0O2): 60 permil (expected by existing data)

Spl-2 (Tank 2, FARI-B): air sample

Collected place: at Niwot Ridge, Colorado, USA

Collection date: in March, 2005

Remarks: ambient air sample spiked with 14C-free CO2

CO2 concentration finally: 418.52 ppm

D13C(C0O2): permil (underway)

D14C(C0O2): 0 permil (expected by calculation based on existing data)

3EICHITT, KREHMZES

x

MDC AMSEERE A



S IIL—2

Australian Nuclear Science Elongated
ANSTO- and Technology Organisation (Fink et al. 2004; borosilicate 3 L,
1 CSIRO (ANSTO) ANSTO ANSTO Hua et al. 2004) 2 stopcocks
Borosilicate 2.5
University of Groningen L, 2 Louwers-
Centre for Isotope Research Happert
2 CIO (CIO) CIO CIO (Meijer et al. 2006)  stopcocks.
University of Colorado University of (Turnbull et al. Borosilicate 2.2
INSTAAR/ Institute for Arctic and California, 2007; Lehman etal. L, 2 Teflon
3 UCI Alpine Research (INSTAAR) INSTAAR Irvine (UCI) 2012) Stopcocks
Lawerence Livermore Stainless Steel 4
4 LLNL National Laboratory (LLNL) LLNL LLNL (Graven et al. 2007) L, dual stopcock
National Institute for
NIES/ Environmental Studies (Kobayashi et al. Borosilicate 2.5
5 Paleo-Labo  (NIES) Paleo-Labo Paleo-Labo 2007) L, 2 stopcocks.
Spherical
borosilicate 5
L, single
Scripps Institution for ground-glass
6 SIO/LLNL  Oceanography (SIO) LLNL LLNL (Graven et al. 2007) greased stopcock
(Nakazawa et al.
Tohoku- Nagoya Nagoya 1993; Nakamura et  Borosilicate 3 L,
7 Nagoya Tohoku University University University al. 2004) 2 stopcocks
Spherical

Stainless Steel
flask 6 L, single
8 UCI UClI UCI UCI (Xu et al. 2007) valve
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Compatibility of atmospheric 1CO, measurements: comparing the
Heidelberg low-level counting facility to international accelerator
mass spectrometry (AMS) laboratories (Feb.2014-May 2014)

Samuel Hammer1, Ronny Friedrich2, Bernd Kromer1,2, Alexander Cherkinsky9, Scott J.
Lehmanl1, Harro A.J. Meijer8, Toshio Nakamura3, V. Palonen4, Ron W. Reimer5, Andrew
M. Smith12, John R. Southen13, S6nke Szidat6, Jocelyn Turnbull7, Masao Uchidal0 and

Ingeborg Levinl

1) Institute Fur Umweltphysik, Heidelberg University, Germany

2) Curt Engelhorn Center for Archaeometry gGmbH, Mannheim, Germany
3) Center for Chronological Research, Nagoya University, Japan

4) Department of Physics, University of Helsinki, Finland

5) 14CHRONO Centre for Climate, the Environment and Chronology,School of Geography, 14
Archaeology and Palaeoecology, Queen's University Belfast, U.K.

6) Department of Chemistry and Biochemistry & Oeschger Centre for Climate Change 16 Research,
University of Bern, Switzerland 17

7) National Isotope Centre, GNS Science New Zealand and CIRES, University of Colorado, 18 USA 19

8) Centre for Isotope Research (ClO), Energy and Sustainability Research Institute Groningen 20
(ESRIG), University of Groningen, the Netherlands 21

9) Center for Applied Isotope Studies, University of Georgia, USA 22
10) National Institute for Environmental Studies, Tsukuba, Japan 23
11) INSTAAR, University of Colorado, Boulder, Colorado, USA 24

12) Australian Nuclear Science and Technology Organisation, Lucas Heights, NSW 2234, 25 Australia
26

13) Earth System Science Department, University of California, Irvine, California 92612, USA
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Table 1: Participating laboratories in alphabetical order, which is not identical to the lab number ust
in this paper.

Laboratory/Institution Affiliation

“CHRONO Centre Queen’s University, Belfast, U.K.

Center for Applied Isotope Studies University of Georgia, USA

Center for Atmospheric and Oceanic | Tohoku University, Sendai , Japan
Studies & &

Center for Chronological Research Nagoya University, Nagoya, Japan
Centre for Isotope Research (CIO) University of Groningen, The Netherlands
Curt-Engelhorn-Center for Archaeometrie

(CEZA) Mannheim, Germany

ICOS CRL AMS University of Heidelberg, Germany

ICOS CRL LLC University of Heidelberg, Germany
INSTAAR & University of Colorado, Boulder, CO, USA &
UClI University of California, Irvine, CA, USA
Centre for Accelerator Science ANSTO, Lucas Heights, Australia

LARA AMS Laboratory University of Bern, Switzerland
NIES-TERRA AMS facility Ibaraki, Japan

Rafter Radiocarbon Laboratory GNS Science, Lower Hutt, New Zealand
University of Helsinki AMS facility University of Helsinki, Finland




Table 2: Summary of the ICP samples.

Sample origin
CO. from biomass
burning

NIST Oxalic Acid |
(SRM 4990B)

atmospheric sample
(Cabauw 39)

atmospheric sample
(Heidelberg 1138)

atmospheric sample
(Cabauw 32)

K& HCo, A #

Sample code

30864

30874

30993

30996

31061

S °C vppB [%o]

-22.25

-19.2

-10.67

-9.65

-8.38

Collection date

01.01.2010

01.01.1950

05.12.2012

26.08.2013

22.08.2012



Fig. 1: Differences of the individual labs to the consensus value of sample 30874 (Oxl).
The gray shaded area indicates the uncertainty of the consensus value. The difference
between the 3 consensus value and the nominal value of the NIST oxalic acid | (SRM
4990B) is shown as red 4 dashed line. Lab 6 reported insufficient graphitization for this
sample 30874.5

| m mepanawerase) | sample 30874 (OxI)
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average & uncertainty
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Fig. 2: Summary of all ICP results. The difference for each sample to the consensus
value based on 10 labs is shown. Labs 3, 6 and 11 have been excluded from calculation
of the consensus value 3 (compare also red. X2 vs. the median in Table 4 for those
labs). The measurements in brackets from 4 Lab 5 and 6 are subject to sample
handling problems (compare Table 3). 5
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Reproducibility of '*C ages for 10 chestnut fragments
collected at Namabuchi-2 site, Hokkaido Prefecture
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VORERMAMGEMICESIVARFIVY

B E S
(K1 (HOXII: NBS-new) :61&

(HOXII) = 0.7459 X Ao, X
{(1-25/1000)2/(1+8"3C,,,,,,/1000)2} x
exp[A(t,-1950)]

THE{K2 (HOxI: NBS-old) : 2{EFE = 1F41E

FrvJIEH:

TNTNDEEARNISEHINSZEECHENRE I ORFIMHE

(HOXII) = 0.7459 X Ao X
{(1-25/1000)2/(1+8'3C,,,,,,/1000)2} x
exp[M(t,,-1950)]

(HOxI) = 0.95 x Ao, X
{(1-19/1000)2/(1+83C, ,,,/1000)?} X
exp[Mt,,-1950)]

abs

abs

abs

(HOxII)/A., (HOxI) = 1.00 ?

abs abs



VCREBRAEMICELSIORFIVY

Wheel-1D 8 5E :
(HOXII)/A

(HOxI) = 1.0002: 0.0055

abs abs

Wheel-2D B 5E :
(HOXII)/A

(HOxI) = 0.9998+ 0.0039

abs abs
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11 AMS facilities
(13 accelerators in future)

Tandetron: HVEC

Yamagata . /B Tandem: NEC

Tandem(50@kV)

Paleo Labo Co., Ltd.
Tandem (500 kV): 14C

Tandetron (3 MV): 14C & 121

JAEA Tono

Tandem (5 MV): 1'Be & 14C

Institute of Acceleratory
Analysis Ltd.
Tandem (3 MV): 14C

Nagoya University
Tandetron (3 MV): 14C

Tandem (500 kV): 14C

NIES-TERRA
Tandem (5MV): 4C & 1?1
Tandem (500 kV): 14C

University of Tsukuba
Tandem (6 MV): Multi-AMS
10Be, 14C, 26A], 41Ca, 36CI, 1291

Kashiwa, The University of Tokyo
SSAMS (250 kV): 14C

Museum, The University of Tokyo
Tandem (500 kV): 14C

MALT, The University of Tokyo
Tandem (5 MV): Multi-AMS
10Be, 14C, 26Al, 36Cl, 12°1 By K. Sasa, Tsukuba
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1. éf ‘j:AMStO)ﬁ%,’?&O) II:I:II %L\ Nagoya University Center for Chronological Research
MoIgFE-T:

TANDETRON 1

2. FBFHLAEL (P35 2 HiR) (354 RTIZEA)

- 2ERERAOHE

B2 TRIZEST- TANDETRON 2
b = :‘E :
. m.(ZOEHM -BA)
4. BiHE

KIS => HE A
IRIRFERIT => B HEASA,
=ta ASA

aXt8 => MHEESA
ZHF => BR BSA

FIRREZELE => KFEEZSA CHIME
KREZE => MEXEHSA (1994%F
AMSOFER => JiEZSA FHZA)

www.nendai.nagoya-u.ac.jp/japanese/
documents/index.html
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