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Hiroaki Nakayama, Hiroko Iijima, Nobuko Nakamura and Hajime Kayanne (2008) Carbon and Oxygen
Stable Isotope Ratios of GSJ Carbonate Reference Materials (JCp-1 and JCt-1). Bull. Geol. Surv. Japan,
vol. 59(9/10), p.461-466., 4 figs., 2 tables.

Abstract: Carbon and oxygen isotope ratios ( ¢ “C and & "*0) of calcium carbonate samples are
ordinarily translated their raw measurement results into PDB scale by using a working standard, which
isotope ratio is calibrated by an international carbonate standard. This study reports the isotope values
of carbonate standard materials of JCp-1 and JCt-1 and evaluated them as the working standards of the
isotope measurements. The isotope ratios of repeated measurement showed uniform values, ¢ “Cpps=
—1.63%0.03%o0, 0 "“Oppr=—4.71x0.03%0 for JCp-1, and & “Cpps=+2.79£0.02%0, O “Opps=—0.496=0.03 %o
for JCt-1, and they are appropriate for working standards. We can determine isotope value of sample,
which isotope range is —5.01%0< & "Cpps<1.95%0 and —22.97%0< & *Oppp< —2.20%o, by using a single-
point anchoring of JCp-1 or JCt-1.

Keywords: JCp-1, JCt-1, isotope ratio mass spectrometry (IRMS), carbon and oxygen isotope ratios,

working standard, carbonate

£ B

BRI Bt & O ORISR B O R - 1B
ZERINAL (07°C - 0%0) ZMlEd 2B, [FEEE
RN & 5 C PDB A 7 — LICflifiH) X - ek
R 2 W B A L0, AT, R EHRAA
&I N T B IR IEIEAEHERVR JCp-1 46 & OF JCt-1 2MF
FEEHEOR & U CHEYITH B 2 A RETT 5 720102, [
REteERE L, AL 72 JCp-1 486 PCpp =
-1.63 £ 0.03%, 0 '"0pps =—4.71 % 0.03%0, JCt-1 2
8 *Cpp ==+ 2.79 £ 0.02%o0, 0 "*Oppy =—0.496 + 0.03%0
L —THhy, FEEUERBE L THYTHE I L%
MR L 72, JCp-1 % & O JCt-1 % 1 AUt GORH i 1
T 5EA, —5.01% < 0" Cpps < 1.95%0, —22.97 %0 <
8 B0pps <—2.20% DHFPHIZFNT, 1 HBREEICLD
FKIERO PDB i #RD B Z &N TE B,

1. #&

WL OHEROMBEBIR P AL B 2 e T 2 2 &3,
SHOEN E TS S L TEETH S, REBERR D
DRFB X OCBERMAL (0PC Lk o"0) %, %
DIEB I D ESE % FL8k§ % MBI proxy TH % Z &8
MonTnd (GFER, 20075 &K - JIIIE, 2007). Zh
EMAL T, RESEHERH LR % & OHERIR RS,

il

WEHEY Y TR HB R EOREREEICH-T, 0°Ck
KUV OPO DEBAME TS Z LK, AWK
BHERTY OB Z B O], il AR R 1Ry D HEE 7«
EXE DB AT OEITL,AREL £ 5 (Gl - X,
1996 ; Kayanne et al., 2006).

RINARNIE 2 OB IFFEITN S W28, FEHEYIEIC
W95 TorERmEE (01H, Hifi%) TERIN, JEHIFR
% BC/mC, B0/f0 kE L L TRANTERINS.

0 = (Rsumple / Rsantara = 1) X 1000 (1)

E R IC T 2 72 ISR E 2 — 9 5 &
BNRDH 0, REWEOEFEEEMEYE (X PeeDee FEpEH D
Belemnite (Belemnitella Americana) {t44 : PDB T& 5.
LA L, PDB i3Hiig L CAFTE LW z8, BIfEIIK
[ [E] 37 BEHE 29T 2E 7 (National Institute of Standards
and Technology : NIST) DfZ#EMI’E NBS-19 (RM8544
Limestone) 2% —. X FZ ¥E ¥ & (Secondary Standard :
SSTD) & LTHwHh, ZhEFHELTPDB 27—
IZHE X Tw% (Coplen, 1996 5 Coplen et al., 2006).
B2, SSTDIZDWT E ZDHFEE RS 5720, &KW
Z2HERE TIZFEBRIZI1E PDB 2 7 — L Tl & hu = fE
FEAEY)E  (Working Standard : WSTD) W6 3
Z &g, WSTD et s A 11 0 - & 20 Hrat oo Ml
EEMFDEEERTT 5720, RHGEVE & RRkO#FET
AL KOMIE X 5. £72, [ENARLL 2 @R il
ET BITIE, FEEYE & RRERO H 2 & IER <UD

VTR RSB B A ZE R ER R B2 3% (Department of Earth and Planetary Science, Graduate School of Science,
The University of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo, 113-0033, Japan).

H K EIH%5%2 (Saitama Prefectural Police, 3-15-1, Takasago, Urawa-ku, Saitama, 330-0063, Japan).
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ez TR HIZHIE T 5 Dual Inlet BN A LB B3 HrRT
(Isotope Ratio Mass Spectrometer : IRMS) 23FEIZ W
SN TCnB (MEIEA, 1982 5 Hoefs, 2007). Z DFEHUE
YrE % BEFEHEY)E (Machine Standard:MSTD) & 8.

1 R K B RN AR IR OREE 210 L X 2729
124, WSTD IZWHlET 2o oC s L1t o™0 12
RN ARILE D DOBBETH 5. W, EHEY ~
TGO RN AR LLOREIZEFIITbh T 5728,
4 > T ORISR R E & D WSTD 234
HWThb 22T, BRICKSERIBE S TS50
AT BUE N FEEFAR A TS B R A RS 2 v & —
(GSJ/AIST) O H vy ITB XUy v I 54 O
FIICp-1 5LV ICt-11220\WT, B 10pug Ar — Lo
IRMS 73t WSTD & L CHifIgEA» Gt L 7. JCp-1
BEOICt-1 DF - WEEFIZONTIRE I TS
(Okai et al., 2002 ; [FIEA, 2004) 7%, o°C B &V
SBO Iz O VTR hTCwan., AT ICp-1 %
KVICt-1 D 6"C B L1600 %, SSTD I NBS-19
ZHWTCPDB 27 — LTS5 9 5.

—fi%IZ WSTD L7510 5 3720 D43, 1. Higik
WICATTERZ L, 2. DWW REGTHEZ &, 3.
RINAKIESEI—TH 5 Z &, 4. ARRTOEBFEIHO
FRENZEWFRIN AR TH 5 Z ENET 55 (Hoefs,
2007). GSJ/AIST 2 62t X h 7250k I & % 40g T
HO, B10pug 27 =L D4k % WSTD & LT
OEIF+HTH D, iz, REEGBHIE AR TR
LTWb70, [kt Ttavyaixr—va v
e, MR E—EITR S THRIRAIZ ANZzT ¥ 7 —
4 —CHEARGT 22 TEBEYSZ R TES ([H
PR DR ES LN L 2R T 2083 H 5).
PbEn»s 1 58XU2 OFMFEZ )V T7TTES. LoTA
FCid 3. BV 4. DEHFOBRETIZODVTHET 3.

Ak, R sCFWEFAETRERERR 22 5 DK
FUZ L DIER 728D TH 5.

2. RBRFE

2. 1. AP EAR

RIS D 0PC B LV 00 #MlE$ 5 A kD 1
D&LT, REEE) VIBERISEE, AU 5 bR
KIZOWTHEESMEITS ONFET 61 5. kAR
Aany s L0bs, ISAT (2) ADXH12%2

CaCO; + H;PO, = CaHPO, + CO, + H,0 (2)

OBC B LU B0 DML DI IZ, GSI/AIST D F=HE
Y1 '& JCp-1 (Coral Porites sp.) ¥ & 08 JCt-1 (Giant
Clam Tridacna gigas) Tdh 5. I 5I3HIEHE, © U5
HEINTHAM SN TS (Okai eral,, 2002). K% T
d, AV EI A=Y g v EHSOICEAR S o B
WE (B &% 40g) 758 05g 2/NFrL, HWEICH

W7z, HERHE, 13RS & I2 K <EA L&A 5 FREL
L 7z. SSTD 213 NIST O FE#EYE NBS-19 (RM8544
TS Limestone, ¢ *Cppg =+ 1.95%0, 6 *Opps == 2.20%o0)
¥ & U' NBS-18 (RM8543 Carbonatite, ¢ *Cppz=—5.01
+ 0.06 %0, 6 Opps = —22.97 = 0.11 %) % H W 7=
(Verkouteren and Klinedinst, 2004). Zh 53y & 3
F—=Ta VICHBLENRS, X ISR TR LY —IC
L7z, &7, 19V TILORBEIZZAZTNT0-90 4 g
& L7, V) VEgIZ Wachter and Hayes (1985) (Z#E§ 3
JET, 85% H,PO, (Merck) #iRfEL, ¥aV Vg%
HTHW =,

2.2. EEMMK

2 58 [V 1A LBV & 5 B 32 1 MAT252 (Finnigan
MAT), HERBIEILIERE Kiel I (Finnigan MAT)
AHWT, REBERE ) VA RS X 2T CO, 2%
Axd, oPC B LUV 0"0 AZMIE L. Kiel 1MW
7= [RING P Heil i O 2 I E RRE (16) 1, 0 °C T 0.03%o,
%0 T0.05% Th 5. k&) VgL ORIGHE I
70°C T, RBHEERIZ Tmin & U7z, BRH 2 & kikat
Lt —2—T-196 CH LU -115 ClIzF#fiich= 2>
DTy T TR KOREL, BRAMEHIEAL .
[ U A 2 &R CRfALLE 6 BIFHIIL, Z Oz
Mol & Uz, $£72, MSTD IZXAf AL 5 h
72 AR EIEHE S 2 (OZTECH, 6 "Cppg = — 3.6%o,
0% 0ppy = —16%) % JH\Y, Craig (1957), #%F - A
(1984) 1ZHEU THEIEL 7=.

WEL, FRARLOE—H 2T 57200801
M E (JCp-13 n =46, JCt-1; n=45) &, NBS-19
3L U'NBS-18 # SSTD & L TH W7 JCp-1 B & O
JCt-1 O A A bl (JCp-15 n =13, JCt-1; n=
12) %17 -7-.

. WRBLUEE

3. 1. kT b LUCBRRAMELDH—H4

%7, JCp-1 & XV ICt-1 12D\ CIRIM Ay —1
AT 272002, ThZHED R UME AT > 72,
R%& Figs.l, 21287, [FALKILIE MSTD O£ 5 2
FUE (0 Rpa) CRT. 08C B X0T0%0 O FEHfil+
HEHERSE 1 613, JCp-1 T 6 ®Crank ==+ 2.05 = 0.04%o,
0 B0k =+ 9.72 £ 0.03%0, JCt-1 T Crang ==+ 6.49
+ 0.03%, %0k =+ 13.98 & 0.04 % & % > 7=.
JCp-1 B XV ICt-1 & 312, HEOHEEEE (6°C T
0.03%, 060 T 0.05%, n=12), % & UBI{E WSTD
ELTHAL T3 REERBOEER:E (07C T
0.02%, 60 T0.05%, n=230) EFMREDIEEDE
Thbd. koT, FREMHHLZIC)-1BLTICt-1D
AREVHIZOWT, 6PC B LU0 BB g A —
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B ERIFINIRIE TS 5. M I3 EENETE 2N d

Fig.1 Homogeneity of carbon and oxygen isotope ratios of JCp-1. Corresponding isotope ratios are given as ¢ “Cryy (squares, right

axis), 0 "*Opu (circles, left axis) as per mill. Screening represents machine external precision.
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Measurement number
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Fig.2 Homogeneity of carbon and oxygen isotope ratios of JCt-1. Corresponding isotope ratios are given as & “Cpax (squares, right
axis), & '""Opuy (circles, left axis) as per mill. Screening represents machine external precision.
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§13 JCp-1, JCt-1 DR - RN L. " IEHEYH & LT NBS-19
¥ K U'NBS-18 # MW CHE M L 22l &R

Table I  Values of carbon and oxygen isotope ratios of JCp-1 and JCt-1. The values
were calculated by using the NBS-19 and NBS-18 as the Secondary

Standard.
N 5"Cpps (%) o (%o)  5"Oppg (%o) o (%o)
NBS-19 -1.63 0.03 471 0.03
JCp-1 \ps1g 18 1.61 0.03 472 0.03
Jct.q NBS-19 279 0.02 -0.50 0.03
NBS-18 2.80 0.02 -0.51 0.03

TR 1NMEL 2HMEIZK S PDB 27 — L ADOZEE D HEL differential & 1372 DFETH O Wzl &
NBS-1912 &k 3 1 fiREETHO M-l E DEERT.

Table 2 Examination of PDB scale conversion method. “differential” means the differential between the obtained value
using the method and that using Single-point anchoring by NBS-19.

Method JCp-1 JCt-1
5"°Copp (%e)  3'°Oppg (%) 5"Cppg (%e)  8'°Oppg (%o)
Single-point anchoring by NBS-19 -1.63 -4.71 2.79 -0.50
Single-point anchoring by NBS-18 -1.61 -4.72 2.80 -0.51
Two-point linear normalization 160 -4.70 278 050

by NBS-19 and NBS-18

D IRMS 53T OREENIZBNWTY—Th 5 Z & BERT
Egs

3. 2. RF B LUBERMELAE

NBS-19, NBS-18 # SSTD & L T, JCp-1 & & O
JCt-1DZhZFhizonT, o8 Lo #llEL,
PDBEZ& M L7z f&R% Table 112779, JCp-1 b &
VU JCt-1 DFENEARIIZ & 0 ¥V NBS-19 % v C PDB
EANZER U 7R, FRMEfR 2% & ff 2 C, JCp-112D01 T
13 0 Cppp == 1.63 £ 0.03%o0, 6 *Oppy =—4.71 & 0.03%o,
JCt-1 122V TIZ 8 BCppy =+ 2.79 % 0.02%0, & *Oppy
=-0.50 + 0.03% TH 7. JCp-1 B LV ICt-11Z, %
NEhNTH VT, Vv A HATHBIEN6E, 134
D WSTD D4AF 4. ARRDOZEBFI (- 40%0 < 6 “Cppp
< 5%, —35% < 0"®0pps < 10%0, Hoefs, 2007) N %
Wiz,

3. 3. PDB fEZE#FEH LV JCp-1, JCt-1 D
WSTD & UL TOERICDOWVTD#KET

PDB fif (22§ % BRI § % a5 L 02 0
ZEA T IIS D W TRET L 72, Table 212, NBS-19 %
7213 NBS-18 % i\ C PDB 2 A& # ¢ % 1 miffi =&
(Single-point anchoring by NBS-19 or by NBS-18),
5 KL U'NBS-19 & NBS-18 @ 2 D D fEH#EEL R 2 H v
TPDBEIZZ T % 2 ML (Two-point linear
normalization) (Paul efal., 2007) THMH L7 JCp-1%
K ICt-1 DA (PDBE) #/R3. 3 FETH
5Nz R EEOREBRENT—H L TnE Z
e, 1 RMEE 2HMEEE SIS, JCp-l KT
JCt-1 ® PDB DG 7E L L TR Y TH 5. FEED
FHERIOME TIE, &0 EEICHE %2755 72912,
Zh 6 ORNARPHINIZ W TR 1 SR ERIC K 2 ik
T+nThs.
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3
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R%=1.00
-10
-10 -5 0 5 10

Calculated 8"*Cysrp / %o

3K WSTD 4L PDB JEH#ED 0 °C OBIfR. WSTD S, BUEOHIE WSTD 124 2% £7.
Fig.3 Relationship between ¢ "Cygrp and & °Cppg. The values of & °Cygrp, were calculated with respect to the current laboratory WSTD.
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Calculated 8'®0Owstp / %o

#41X WSTD 4L PDB JHED 0°0 OBIfR. WSTD Htid, BUEOMIE WSTD 12X 5 M4 &7
Fig.4 Relationship between ¢ *Oygrp and 6 *Oppg. The values of & *Cysyp, were calculated with respect to the current laboratory WSTD.

WIZ, JCp-1 % LU JCt-1 4 WSTD & L CTHiHI L,
RHEARID PDBIE A T 2551220 TEHT S,
Figs.3, 412 65C, 6®0 12D W\WTHIfE WSTD & L Cf#i
U T2 REEIEGUR A JE & U TR L 228 E i (R
fil) & 2hZhoOBO kG % 7213 JCp-1, JCt-112
DWTIE NBS-19 % HIW TP L 72l (Table 1) (Hitfilr)
Ok AR, I L SCMEO B RO X 1, 0C
122V TIE 0.999, 0%0 12D\ T2 0.998 TH 7. H

B ® 1%, o¥C, 0®0 L ¢121.00 ThH 7. L7
BoT, ZORMAEEH (6 Cppy: 1.95 ~ =5.01%o,
8 ®0ppg  —2.20 ~ -22.97%0) MIZDWWTIE, JCp-1 %
7213 JCt-1 % WSTD I 7= 1 fikE I X o RuEk
BHO PDB i Rk % Z L k5. & U 1E#E & [HI07 A
D T D 72 D 12 I F A KRR O [ A7 ARAE 12 %0y WSTD
DERVLEEND.
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4. FEH

GSJ/AIST O R EIEZHEME JCp-1 5 L V' JCt-1 (2
DT, 68C B LU6 180 DHEEHIE % 1T - 7=, Bt
pg A —=L®OIRMS 74 (0°C B L10"0) 12k
T, JCp-1BEVPICt-113—TH B T & %aTERL 7.
SSTD = NBS-19 & HIW2 T, JCp-1 ¥ &k UV JCt-1 D ji¢
B LUK FEMARLLE S L2858, JCp-1122o01 T
6 ¥Cppp = -1.63 £ 0.03%0, 6 *Oppy = -4.71 & 0.03%o,
JCt-1 122\ T 6 BCpp =+ 2.79 & 0.02%, 6 ®Oppp =
-0.496 & 0.03%0 % f57=. JCp-1 $ LV JCt-1 % WSTD
ST 3354, -5.01% < 6 ®Cpps < 1.95%0, —22.97%o
< 0" 0pps < -2.20% D HFPHIZH T, 1 mREEICK
D KFEARO PDB iz kb 5 Z & 1 TxE 3.

#HEE - GSJ/AIST Ok L, M AL L0 HE
BIEMEYIE TH % JCp-1, JCt-1 & T4k, & 7=8msCic
WUTTHIE #0207z, BHRICHEE &7,
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