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Performance test of Tandem Accelerator Mass Spectrometer (TAMS)

and C dating in Tono Geoscience Center

SHIGERU ITOH, SHENG XU, MASAHITO ABE,
MASATO WATANABE, MAKI ARIGA, TERUKI IWATSUKI

ABSTRACT

Cosmogenic radioisotopes with a wide range of half life and a variety of
chemical properties have made important contributions to the study of dating
and fracer in earth science. In recent years, ultrasensitive high- energy
Tandem Accelerator Mass Spectrometry (TAMS) have greatly improved the
sensitivity with which cosmogenic radioisotopes can be detected. Accordingly,
TAMS system (NEC 5MV 15SDH-2 Pelletron) was installed in JNC Tono Geoscience
Center in March 1997 and used preliminarily for the 14C dating. TAMS system
consists of multiple cathode ion source for solid and gas samples. sequential
injection system. 5 MV Pelletron accelerator. 90° analyzing magnet.
adjustable offset Faraday cups for abundant isotope measurement. 20°
electrostatic deflector, and multiple electrode gas ionization chamber for
rare isotope detection.

A number of performance tests of TAMS for the radiocarbon analysis and
improvement of graphite preparation method has been done. The graphite yields
by combustion methods are routinely to be 90~95%. Performance tests of TAMS
include precision, accuracy of normalization and background levels. The
precision of ™C/YC and “C/“C ratios for NIST HOX-II or IAEA C6 were below
0.25 4. The measurements of IAEA international standard sample (IAEA C2
~(C8) agree with consensus values within the margin of 2o uncertainty.
Machine background determined with chemical graphite is measured at 0.04 pMC
equivalent to 63,000 year B.P., indicating that machine background and source
cross contamination are negligible. The IAEA C1 was used to determine the
background for whole TAMS system including the sample preparation line and
the machine. A C activity of 0.10£0.01 pMC was obtained and corresponds
to 56,000 radiocarbon years.
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REOFEMN. 3) WiBOWmEEH R P HEIREOEMZEMOMEEEITS 2.
SR 9 EEICY F ABRMEREESVET (B AL bOY) ZERELE. 2
DAL POV Tk, )Y YL (Be), wE (C). P I=wh (Al), HFE (Si).
£ (C). AP A (Ca). vk (1) ZORNEIMFDPRIETH 2, KFT
. R ho Yok, STRE, FREHESEEBN T 86T, P10
FEEFFEF CITONE-FERARKB P SRBEZME T2 = OO B RIALE 5 3%
S RABREEORERE RS DV TIRRD,

2. kRl

2.1 BES RO B
B, B RBRBAALOBAE SR L UTWn» 2ZEESRICIEE LR TLS
HFEENH 5. BEHOBSERERAARLEZ AL DY THET 2201
i, R E RRDRCENET 2,080 H 5, JOuEE TER» SR
BN ZERT IR £ TIREENZAZHSXEES LY (K1) hTRER
FRIZTBRIG, O 2 BECHIOND, I OBINIEERTORIBIERDINZ W
FORABOENMNESPOEELZIEE L. BERRENEKRZEENICERT S 7=
. BRNHEIETORBRIIGSFFERE Uk

71 FEGH

Standard  Material pMC (%) S"C (per mil)
IAEA C1 marble 0 +0.02 2.42 * 0.33
TAEA C2 travertine 41.14 +£0.03 -8.25 £ 0.31
TAEA C3 cellulose 129.41 +0.06 -24.91 + 0.49
[AEA 4 wood 0.2 £0.44 -23.96 + 0.62
TAEA C5 wood 23.05 £0.02 -25.49 + 0.72
IAEA C6 sucrose 150.61 £ 0.11 -10.8 = 0.47
TAEA C7 oxalic acid 49,54 +0.13 ~14,48 + 0,13
TAEA C8 oxalic acid 15.03 £0.18 -18.3 =+ 0.23
NIST 0X-11 oxalic acid 134.07 -17.8
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BRIZIAERIZ L > TR H A& N D, ZDW, BREETIRRIGEE S KGR
BIZ L > TR ZADRBIZBWBELTLES. £/, ERTBREBHXIC
RADENESB DB B L FIOND. TITIORBEEENE L L,

FISRE., REKEZEMX 8. REBH LR RVRRD BT DI Z FH .

RIEARZERT ARINORESMFEZER U, £, —HWOKRBHR ZRE
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ZRERMUKILEZARL., BolmHATREBRZER L 2o
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1) RISREE & RFRA A3 - RBELZERLALL

FIBRE® (6000 700, 800. 900, 1000 °C : . KH. > =3%E). (200,
300, 400, 500, 600 °C: ¥ a D) & ¥ 7 RKEME L. BEKE
2 Rz
2) RISk REBEAZA6E - REZEELAL

DORERL D B RREZ RO, ZORGETCRIGRR-Z 2. 3. 4
15 Rpfic &b 8, BNELE R,

(2) HREEH

1) RINEE &REBH A{6E - RERERNAELL

ERFEREPR 2T MRHAMCRIBELRE EBITELRD, K&
KRE. ¥ afETiE 800 °C. a2 vtk 300 CUl L TIRIF—EDMEETR
Lizo REMRME (ERRLERBIZZ 100 % LR, ZOREH
DREBRICRSEEE) 1T 0~ YEBEETH 7=, BRTIME
99.99 %L L DREA R CREMRILETIR > ERORERFREERSF
BRIZ 90~95 %YRBEZRLTWBRDT, EEUERBRHXOMERISIF
100 %TH B LHHRINE,

S EHBLMMIFUTOICRBELREEHICEL RBEAETL
b, HOFERHCINEE FR & OERMBEIER ok, £ £
RHNT 0.5~2 BoDIST WV FDE Uz IABA RUSNIST AR L TNWAB S BC
CHBT2LMERFICEBDTY 1 %DBREBEL . K> TIOED
AR U BRAET BIEEE. Vo TN EIEERRTHASP ORBIEEST
BONEDH B,

AL by THEELE W EER. §° @ic Xk v HERORAZFS R D
MEZTHMHEDNH DS, pMC (% Modern Carbon) DOFIEIZHEL S BC &
W2, EEROHEEE WA IARA PED B EEE BV E T
DL, BEORENICABEDPME>TWDILHbhd, COHERPS,
U0 DPEBNT 1~2 %D S EORERFECTEIRETHEIILY
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K2 RERH LD RISIRE & R 3R FAL AR5

FEEE  EINERE BREBARX REWRERLE 69 pMC? (% pMC*t (%
°C) {6 (%) ZE (%) (% Modern carbon) Modern
) carhon)
HE 700 90.5 96.3 -24.3 130.54+0.58 130.70+0.58
{IAEA 800 96.0 92.3 -24.3 129.56+0.49 129.72+0.49
(1))
900 96.2 93.7 -24.2 130.78+0.53 130.97+£0.53
1000 96.0 95.4 -24.2 131.4010.56 131,58+0.56
AR 700 101,3 93.2 ~-23.4 0.3810.02 0.38+0.02
(TAEA 800 120.2 91.3 ~23.7 0.421+0.02 0.42+0.02
04}
900 117.8 94,2 -23.7 0.204:0.02 0.20%+0.02
1000 117.8 91.6 -23.6 0.19+0.02 0.1940.02
valg 700 101.6 92.0 -11.1 151.5140.68 161.4340.68
{IAEA 800 102.2 91.1 -11.1 150.57%1.09 150.49+1.09
C6)
900 101.9 93.9 -11.0 151.46+0.59 151.41+0.59
1000 102.4 94,4 -11.0 149,96+0.60 149.91+0.60
Ryl 300 86.1 94.0 -17.0 135.22+0.67 135,44 10,67
(NIST 400 86.1 94,9 -17.1 132.651+0.66 132.8410.66
0X-11) 500 96.5 98.0 -17.5 133.85+0.92 133.94+0.92
600 95.8 92.7 -17.7 134,3940.67 134.41+0.67
* piC OFIEICHER S UC IS, EEOEERHWEE.
* % PHC OFIEIT B 6 U0 I, TABA HSRESH 2 8l % FV 1= fie
skckk $. RE X LICARSHEEE 100 % ENL T —X EEELTLCREN A, BERBFR{bEE
EEE UL

2) FGEERD & RER A LK - REBERERMEAL
EERERAE LT, REHAGER, REHREERL DT, KGR
L OEMERMEBEIIR SR ok FIGKIHD 2 K& 15 REDEAD
BRI AR EZ R LT HEUBOBREATHE o /2. Lo TE2TOFRBIC
BOWTEINE 2RETERT LTWS Z LRI hE
OB A2 L., ETCORRTNZTVFHE0.3%LLAICIHNE > TNWEE
5. RIGRRE & OB RS hizd o7z, TAEA KU NIST Dz
LTWBEBC LI L Th, REZFOBRENT—HLTVWBELEEL %,
AL Oy THEIZE U pMC (% Modern Carbon) V & pMC? # Ehir LT &
THHBEOBENIIHEDIMNE >TNDZ L Bbbh D,



&3 RERA 26D RSN & SR R R4 B

AEiEE RIRE REAZX  REBER O §C pMC! pict
(h) {e& (%) kE (%) & (% Modern (% Modern
} carbon) carbon)
g 2 94.8 8%.4 -24.8 130.6810.55 130.7010.55
(1AEA 3 95.2 91.4 -24.6 130.32%+0.54 130.40+0.55
¢-3) 4 94.6 91.8  -24.7 130.6110.85 130.66£0.50
15 95.7 91.9  -24.6 129.86+0.51 129.94+0.51
ARE 2 119.9 91.7  -24.1 0.46+0,02 0.46+0.02
(IAEA 3 118.1 89.6 -23.9 0.35%0.02 0.350.02
c-4) 4 1.7 90.0 -23.7 0.300.02 0.30%0.02
15 119.0 90.0 -24.1 0.260.02 0.26%0.02
val 2 102.1 91.7 -11.3  150.28+0.65 150,150,465
(TAEA 3 102.6 92.3 -11.3 150.0440.84 149.90£0.84
C-6) 4 102.8 90.0 ~11.3  150.90%0.91 150.76+0.91
15 102.3 94.4 -11.4  150.81%0.60 150.7410.60
a2 ER 2 95.7 91.2 -17.9 134.6940.67 134.69+£0.67
(NIST 3 96.0 91.1 -17.6 134.35:+0.80 134.41+0.80
0X-11) 4 96.2 91.1 -17.4  134.5240.66 134,63+0.66
15 96.0 91.2 -17.9 134.051+0.72 134.03£0.72
%k PC ORWIEIT HELR S UCEIL. ERONTEE Ak,
sk >k PHC DR IEIC 570 6 1C 1, TARA DSR2 8D B8l % v 7= i,
kckk  ff. RE & B ICHOHEE 100 e —R LHE LT UTRBH AbE, REHFRLE
EEELE,

(3) KA RZLERT 2 RISD ISRt
GEIORBRMRZEIC, LTICRB AR 2 ERT 5 ISOREREZ50T

<# KhF. ¥a@EgoLe>
RS 800°C
- RIS 2 WF ]

<L a1oBOGE>
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2 RF ]

2.3 RBHZDRFERFA
KRERH X DR FEM RIS IEAEAKRIETETIT R0 20 T FRH S ARIGE
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THRIRA R 21870 U TIREM K 2 LR L 20
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REHREEKZ 0.4~0.6atn TRALR->7 (K6)e ZOHEAZIETH
BLRIBENTHIAONTMEI i <kxb, il (Fe) & C0,H+5
CEAMLRWEDITRBEBRDPER LIS RELEZOND,

100

95 +
20 +
85 r
80 r

75 r
70 =
65
60
55
50

RREHRLE (%)

6.2 0.4 0.6 0.8 1 1.2
RIGBEDOAE (atm)

X6 EBBARGERE TFRA S ARIBEDAE

(4) RFBMARLKICBIT 2 H#sM
RRMBEIEL V& —DOAMBEILE S 1 V&2 Hn i RBVRKERBETCOR
BEAEZTRT

- B : 10 B5RY
- RO : 640°C
RISEDAWE : 0.4~0.6atn
-FepkoE : 1.0mg

CDRMTHEMFREER L L 23, 0~5%DREBFRLEE EHIHIC
mohi.
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(1) REREEA
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HKHEEIT>TCRACAHELUZYEZRE L. HFER (1.2~0.5 ¥) 2HNWT
BRE2ZTPTVWILETZ AR LTI BRL, HEER. BRoU T8
KIZU, BZEFT 400 Clomzh L TEREOEEY Z2EVWHT., 208&, B
T VBRI B LICI D TR ER BT 5,
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BWHEEZITNTE LTV B REPEIEZIO KR 25 LTHEMMICEIZ
B2 RIEAD ZBRW=H. KEBEF MY D AEE (1.2N) TTREH
Yk, S5IRBRTRBEVEEZABERET S, 20%, BEPTHELNEZ
HnWifbakic X > TR Z R T 5,

(3) TiEaEYFERD
ERYEAEOTIBICIZOITREREBPBRALTWE I DHEDTINE %
WMOBRL . Z0%. BEREFZTV. 106 un O ICPIT TR L TIERT
Y (1.2 N) LT, EBAHBWE7ILVAIEE (0.5 8) L. Z20OLEBAE
WS 7 I VBT S, X h BRI 1 IR 2 T TIEREMAT
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A FICHIF T E— AfB OMITARICAWVW S, ES S1—01, ES 01—1 ik YA
FMDHDFEE, ES 02—1F X Y#EhS5mT, “C. °C, "CE—A%WbhEAT
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4, AMSMC ERORE

4.1 "CoBEEHEB LTERDOAEE
AMS Iz & B M0 JES L UM FERBIE. BRI EORBE O™, v —
LA ORBIHBINTNBEAS A U HRHIBRT 0 DEH Bz A V¥ —
CREINB T FIF—hyTT L 4 A EBROFET V. 0/ E
J2iE MC/BCLEBRDBZ L TH D RIRITIE, “C DL, C & 0 BROEHK
ZZh2h 0.1, 0.001 7 & 0.00025 BTV, ZDOREHEE % KT ERE D E
Uy M0/ 013 M0/ e RO TV B £ LT WIS & D4R t [year BP]
zHMHT 5.

t=—= [ ] ” 2 [——] = -80331n [E] = —80331n [—R 34 }
0.693 | N, N, xRy

Ty,  C DRFREA=5730 48

L : MC DHRBES

N c BARBDO U EE

N, D RAEEID M0 EEE

F  REERIC K o TR I N B

B Z I, NIST 0X-11 > a2 oBOBA. £=0.7459,
Rsm : FRHEEEARL D Weighted™C/™C F /=1 *C/C L
Res : RAEAR D WeightedC/™C F /=1L “C/PC L

4.2 RERBESBIC L B “CFRDMIET

BRIERORERI. ””%I’Hj‘.ﬁi 12C B0 L BEHE R UC SR E N, R
RETEFNS DEEL F 12019040 = 0.989:0.011:1.2x102 T B,
Lbb\%ﬁ¢@ﬁ%zﬁ%®WM%&i%E@@ﬁL;ofx%<imot
i (S 5Chy ETH0~-60 %) 271 T, FMEERKE. ZOYWEIESHINEH
DFIEME D HC/1C L& B AL - bR ERIC BT 3 BAMks
BIBIRIIKE LT WD, Fh. KRkt T 00, B EBT 21, kD
[EIQR 2 R S & 2 FAR S BIE R & BB OEBR# K& T3RE
KR>TW3, X512, EMESIIFHBFALAETHECZTEEEDD 5,
LiDoT, B SHELE C0,0—E 22 LT, BMEILAEESHEHS
& b BC/ hOBERITV. SPCEICLS W EROFEEEZTOMNEDH D,
SBCE (%) ERDATEDEIND, SECEDBERZET0.2 %Th 2,

613C (uc/ uc)m _(EC/ 12C)PDB %1000
(13C/ IZC)PDB

RERNARSBD S CEI L5 "0 FRFFTEIIRORTEDINS,
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t = —8033In| s X7

x Rsmp

D : RERBLESRNC & 2 FIEREL

4.3 "CoONv I TS0 RIzkD " EROME
"ORFEEREHIT % MS Tk, "C2EERV LI BT EVRRZRE
LEBATH. b3 HPEEEhd. 2O DNy I 7S5y ROk
EEICAEI T BMDHY — FD 6 DERLANAROBEOBRMNRE (100 pHC)
DIERIZE B EEZONE, DNV I TS0 Rizk 3 10 EROMIIEWR
DHTEDINDo

(RSA xDg, _RBXDB)

f x(Rgp —Ry)
Ry 25w 2750 RERD Weighted “C/12C F 7= “C/C H
Dy Nw T FERRORRRMESINC X 5 IR

t = —8033In

4.4 "CFEROEEITDODNT
0 R DPERRZ L ARAG LARHEERLD M0 H Y > - O#iEHEZE, “0/C 1
HEEZSDEME, "CONY I TS0y REBRRMERDHIC X BMIEICEE -
THELBRERET I >THBTh TV 5,

(1) “CHrmY hOWErEE

R R

fe2 = =
STatR
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C,

i
j=1

R EH®D Weighted MC/%C F 7213 “C/°C L,
cAYV—FjicH LT DAYy b
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-

19



(2) “C/%C HAEIXS DE]RE

M
\/Mij (R; -R)
J=1
Tscar =

M -1

By 72— K JOFEEHC/1C & 7= id C/HC H
Wt BEARE

(3) Nwo 7o FEIEICX 8=

G, =+ (Gf )R + (012)13

(4) BARFMESBIFIEIC X 28R%E

o = RxDZJ(%)Z HRY

o L XFMELCHESE, HBWE,
: 01BC (%) DEIEEZ = 0.5 %o

Op

(5) FARRKRZFHETIHRORE

C ot = \/(Og )sa + (03)sm
(6) Libby EZEHETHEOEE

(RSA XDSA _RB XDB)

o] =-t+8033In
fx(Rgyp —Ry)

+ c5tc>1al :|

ag

ol =t —80331n[(R5A xDgy =Ry xDy) M}
f x{Rgp ~Ry)
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BRI, o lo 2B LU TREVWERZ O ERBIEBREL T,

4.5 MC/1*C thop BB L OV IEREM:

C AEDOBEBEEFARZ ZHIZ. ALOHRED BRI W ERERKEZHAH
& UTHW "/ & /P bRl A REDR L TiTo 7= (£5). 208
R, NIST OX-11 @ 1oD#E#E{REZE (Standard deviation) & FXHEHEFEL.
FhZ2nx0.0025 &£+0.20%T3H 3, [AFA C6 X L CdHE UEEDOHAMIERR
=/ ohiz,

HC JE DIEREMEIZ DWT, [ARA DB § A2 ¥E0k TARA C1~C8 2 BT Al
EEIToR. TARA C1IE, KEABZOERER-TED, “C B hinig
BMTHb. #2T. COIARACL ZXw 7 757> K, NISTHOX-1] ZiB#(E &
L. TAEA C2~C8 ICDW T DHEFBRZEREIIRT, WThd 20DBEELEHT
[AEA DHEBEE & —F L /=,

Feb TAEA C6 R 7r NIST HOXII BlE#5R

fJ‘)'—— !q- 130/120 (%) Hc/lzC 73\)__, }3 130/120 (%) 140/120
TAEA €6 nol 1.0111 1.4638x107" HOX II nol 1.0007 1.2782x107"
IAEA C6 no2 1.0097 1.4591x107" HOX II no2 1.0014 1.2837x107"
IAEA C6 no3 1.0105 1.4569x107" HOX II no3 1.0034 1.2814x1071
IAEA C6 nod 1.0121 1.4624x107" HOX II nod 1.0015 1.2788x107"

EgE 1.0109 1.4605x1071 XA 1.0018 1.2805x%10"

@ﬁﬁ% 0.104 0.22% %ﬁf% 0.124 0.20%

726 fREERUR I E
TABA A5E#E4H HIE®E “C Age
TAEA Code G (pMC) i (pMC) (vear B.P.)

TAEA C1 0.00 £ 0.02 0.12 = 0.01 54,000
TAEA C2 41.14 + 0.03 41.23 + 0.10
IAFA C3 129.41 =+ 0.06 129.31 % 0.28
TAEA C4 0.32 £ 0.12 0.31 £ 0.01
TAEA C5 23.00 + 0.02 23.13 £+ 0.08
TAEA C6 150.61 £ 0.11 150.54 + 0.19
TAEA C7 49,54 + 0.13 49.77 + 0.11
IAEA C8 15.03 + 0.18 15.04 + 0.12
NIST (HOXII) 134,07 (134.07) £ 0.20

Chemical graphite 0.04 = 0.00 63,000
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4.6 AEalBER AMSHC ERO TR

AMS THIETRERR C EROTIRIZFICHIES 4 > L EBLEDSv 2 7S
Y RIZHEIENS . ZOMC DN 2 TS ROBEZECHAY— B X
R ARAROBOERREDBEAC LS EEIONS, AV—FBEOI D
AEREFHNT 272010, ATRICARE = TRORERREZ 7L X L NIST
AYV—ROBICFTIELT "CEBEZAIE LR, ZOHKR. “C/'% i 0.04 piC

(63,000 yaer B.P.) THb (F4), hV—FEDOIZ7 O X FBLRIIEETEZ L
FZohiz. HFAEOBOBRABREDFELRIZONT, 0.00:0.02 pMC 23H
3% IAFAC1 (Marble) I & D IREE 21T o /=0 SR L = REH AT 0.12+0.01 pMC

(54,000 yaer B.P.) ZRULJ= (3 4)o ZOEITHIEM (0.00+0.02) kb &
{. BIMEES 4 Ve EB2EONY I TS REEZ NS, LENST,
REMBZEL ¥ e BT 2 ERBIEY R T L TiE. 8K 54,000 4£F CRIZEA
RETH 2,
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