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MorisHiTa, Yuichi and MaTsunisa, Yukihiro (1984) Measurement of carbon and oxygen iso-
tope ratios of carbonate reference samples. Bull. Geol. Surv. Japan, vol. 35 (2), p. 69-79.

Abstract: A new sample preparation system to be used for carbon and oxygen isotope ratio
measurements of carbonates was constructed after the Geological Survey moved to the new
facilities in Tsukuba Science City. Experimental conditions for the new system were examined
and carbon and oxygen isotope ratios were determined for several carbonate reference samples.

Carbonate samples were treated with 1009, phosphoric acid at 25°C (McCrea, 1950).
The isotopic compositions of carbon and oxygen of the evolved CO, were measured on a Varian
MAT 250 mass spectrometer equipped with a triple-collector. The results are reported in terms
of differences of 3C/*2C and 80/*80 ratios relative to PDB (6C and §'%0).

The reaction of powdered calcite weighing 20 mg with 2 ml of 1009, phosphoric acid
yields about 969, of the theoretical amount of CO,. Experiments with various calcite-to-
phosphoric acid ratios revealed that CO, corresponding to 0.4 mg calcite remains in 1 ml
phosphoric acid after the reaction is completed (Fig. 3). However, the isotopic ratios of carbon
and oxygen of the evolved CO, do not change regardless of the yield (Fig. 4).

The analytical results for some carbonate reference samples including NBS-18, NBS-19
and NBS-20 are presented in Tables 1 and 2. Total analytical error for the preparation and the
isotope-ratio measurement is £-0.03%, for both 6'3C and 6'80 values. The data generally show a
good agreement with the values reported by most laboratories. As for TKL-1 and K-2 pair, our
8180ppp value of —4.26 %ofor TKL-1 agrees with the average value of 19 laboratories reported
by BrarTner and Hurston (1978), whereas the 6'%0ppg of —26.68%, for K-2 is 0.16%, higher
than the average (—26.84%,) and our A¥Oqgy_yk—» of +23.03% is consequently 0.2%
smaller than the average value. However, BLaTTnEr and Huirston (1978) suggested that the
significance of the mean and its standard error is doubtful because a normal distribution is not
evident for the data. Our A®Oqyy x5 value is on the lower end of the data distribution
reported in BLATTNER and Hurston (1978).

Table 3 shows powder X-ray diffraction data for the carbonate reference samples used
in this study. About 29, dolomite is present as an impurity in NBS-18 and a minor amount of
quartz is detected in NBS-20 and TKL-1. K-2 contains a kind of dolomite (probably 79, ferroan
dolomite) and a minor amount of quartz and aragonite. Although the yields of evolved CO, from
NBS-18, NBS-19 and TKL-1 increase by 1 to 3%, at reaction time of 19 hr as compared with
those of 1 hr-reaction, the isotopic ratios of carbon and oxygen are unchanged (Table 4). In case
of K-2, however, the CO, yield and the 680 value at reaction time of 19 hr are 109, and 0.3%,
higher than those of 1 hr-reaction, respectively. That is, reaction time of 1 hr is insufficient for
K-2. The apparent value of AOqy; _;/x — 5 for a shorter reaction time should be higher than that
for sufficient reaction time.

The disagreement and the wide spread of the reported A¥¥QOqgy k-, values may partly
be due to unsolved problem of disagreement in interlaboratory calibration of mass-spectroscopy
as reported for V-SMOW/SLAP measurements (GONFIANTINI, 1978). The present results,
however, suggest that it could also be caused by the variable and insufficient reaction time for
K-2 in laboratories. It is concluded that K-2 is not sufficiently pure as a standard sample.
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LERR: S VIR > B

McCrea (1950) LARE, IRERHE D RFE R CBERFI N AL
(BC/2CH KRN0/ 0O) %3R3 FEEA ML L, HAE
Tk, HABOBIBRAEL» O EEKBEEHET 2%
DI, o & 0 ILAERERD b RO AR B
AOBEE ROIZRBRZRE, ELOHFEIfTbh T
5.

HRR e i) s A B oM/ B, B, S
APHcx s ERE L LTliES NS, Bir 5 ERER
DOPEMEE BT 51213, ERfickBoEERE % &
OUBERD D, REEEO RE R OERREFAL AL O ZER
£ LT, PDB(#H) AEBEHICZT AN O TE K
2B, BETIZZO PDB REBPFENR S TAFEHER
Wiz, PDBIZHT 2D x> T B WL 20 E
#HWT PDB e 2fEERD NS, 2Dk, E
BREMHEOMEDOIIC OV TIX, ETORILPELTNY
5. BiL, EERFIHE (IAEA) Tk, EREHOR
HHRRZESS PDB 27— 12D b D2 HERMNT 57w,
RERERESR (NBS) L7 L T RE B O IEEIicH -
IR (NBS-18 L NBS-19) # E2fi L, ZDRIERE
CESWTHEELEIE T EEEEITS RT3,

IARA © 27w 75 K%, REREDS © ERWE
(BXRORNLEL) bEL LD THBH, REBEKD
WL, NEERRLMIC R oORABRERTVS
(BraTTNER and Hursron, 1978),

HWEFRERT Tk, SIEBERg, REBEORMELIE
EBEFED CRMEEREZOER L To. AHTII,
IR D JRFE R O BRFN AL ORE >V T, HER
EFTCRIT 2 ERFEOHMELEFEEROBERELEA
L, db¥ T, IAEA REH LIc b0 ED TEBFEOW
K O PDEERBHZ W TORERR 2 HET 5.

2. R B A &K

2.1 HERSOEE
R L8R - RERE O MR L ORIE E ¥ 5 12,
REEEZ Y VB L &, £T5 @BbRFIC>ONT
BESHETS. REBRFRAOBRE, PBUSRITKRD X
YLD (REO RS TRREPMMEPTITIND D,
T CIIBA R R L),
CaCO,+H,PO,
——CaHPO,+CO,+H,0 (1)
EEROBEFIHIKROBY ThH 5. REORBEL
100% V) vER & RIbARE (B 1K) tAh, RT3, 2
NEDBCIBRIenERAFEP AL, REL ) VER

FRIGERE. RiT, RINEKA REARLEHNEE
(5 2 T, PUTFoBECBLRFELMHE - i
B¥z. ¥, BEERTRKICERDO _BbRSE LK
TACHE LS FIATARLN Ty 7BIRES A
TAREZFAT N A= ER—Z MRIZEBERZL D)
T2 TRET IR, Z0#ELT 2 CHRIELE
#%icT 3 it=LRBEED, ~/ A —F—CZ@biR
ROBERHWEL, y VIV F2—T BT
RBEEPES THOE, —BIRFOREHET
B EVRIEART L Z LRI A LR TE
B, EkMiz, R 100% e 2 & MRS hiud,
AP ORMORBIBEERFHET H I LNTED. LT
B, EEMERERB ALY Y A 20 mgl ) VER2
ml ZAWCTERLZEZS, WERIFI0%i22 56T, &
F96%THBZ Lihbrote. 22T, F—REEHK
RBANY T L) BAWT, Bx0OEBREHEDOL ETO
Ik L FINLARRERR & DBfRE ke, BIEREREELZH
EBTBZ L Lk

2.1.1 BRI LT A

BRI RER 0 v v b (PEHERE) % 300°C T 2 BRREMR
B L BICHS T » TEBIEAN, Tyr—#—Pic
BAET+5. ZDRIEF CaCO,-1 LML Sh, UTFOE
BoORE E LTHY b zfh, ZOHDERTIIEEE
HESEL (1) & LTRHWSR TV,

&
%
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&
’03:\,, -
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.’ L
f—

20mm ¢
IR RISESR (BE:H 50m)
Fig. 1 Reaction vessel (Capacity: ca. 50 ml).
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Fig. 2 CO, preparation system for carbonates.
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2.1.2 RBORE

B OB W L BUSBERIL L {, ZB{LERED
INRHMEL 725 L AR FALEER O BTS2 L 83D
% (WaLTERSs ¢t al., 1972) » T, HEHIFLETH4oicH
PRTEUERD B,

2.1.3 Y UEe

IR Y VERS00 g iSRRI EERL U vy 200g &
Nz, ELTI00% Y v EEE2L 5. 100% ) VERD
X 25CT 1.8741g/cm®* TH B DT, HEFHET S
Licky, MEEZHEI DS, V) UBERREELOT, F
V-2 M RETAIVERD Y, ERICHVWSY v
BOMH LI REcTbhiE ke bhw. £, 100%Y
VEBITERTER TS Y (@lR42. 35°0), 25CTiiiaH
DOREBICH B, ZDlkw, BCLYVIEBEICELLED,
BEEEPESS LELELR BT IO THIC 25C K f#
L, RBEOFIREYPALRVE SRTELERDS.
2.1.4 EEHE

REBE L Y VBORERIZOXR RSB X 51T,
RERE T OBROURBRLRE L LTl Sh, o
BB O FHLE IO RBET OMBEO T LR L -

TW5. #-'C, REBEDOEDBIBFRNAMEERD S
Tedicit, ZORIGTORMAESINGEE M5 HERD
5. SuarMA and Cravron(1965) 1%, E 7 v{LBEBEHET
REBEOSBFBLHHIE L, V UBREk L OHlk» 525
C TOEBERFRMED B « & 1.01008° Lk, F
MRS RRBITREREER D 2 DT, KNBEY—E
CROBERD D, —J, R—DEBTELIIEER
PO igbT 2 H541Cid, FA SRR ER &
NBOTakMBBETR.

AEBRTE, RINREE—RBCEokbic, KEAR
BITr—7—[FEOERKEE AW oI,
RUFCHATERZ THRO D, BESHE»Z VY
BT, AMRORRZHUS COBEREDERIL0.04Coi
Bickbs. %, KEADOR—HRTORREL LB~
0. 1CoOHRIZH v, L LT 25.00+0.05CHHEMN
T E > T3,

1) ThixFREDOREAOETHY, MORBECIETRLS. &
B, ZoOfEEZoHh 1.01025 L¥ET&hiz (CLavron and
STEINER, 1975).
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2.2 BaSH

ZEMLRR D IRFE R OBEFERIN AL, Varian MAT
i MAT 250BVERATEIE AV ClIE L. BES
PR ORI IEHET 5 TR A - BT, B 2
DT, T TIHEERBRCREEOHEC>WTER
PR,

2.2.1 EREERRE
RERROBRORMARLE, WRO X cEREHC
5T HRFE(H) TRbES.

S18C = R13(x)_R18(st) % 1000 (%0)

13(st)

N80 — Rls(x)_Rm(st) % 1000 (%o)
18(st)
T T, Ryy="C/"C, Ryy=0/0TH Y, HRFD (x)
BO(st) 1%, ZhZhRaaBROEERAR 27T

Rir 5 EBREM T EL BT 256813, ZOBMER
BHIEBRRIZ B b ivie b O TR T AIZRIEED ik
PEETHS. CORNTHY bh3BERN—CZ
TR EREERESRE (Reference standard) & BMEE——0,
6C fHiz- > TIX, South Carolina > Peedee B 5
EH LUI-BE RO ERAI{CA (Belemnitella americana) T Y
(PDB x4 —)1), 80 fHiz->\WCik PDB% /- i3 {RA88Yy
IR K CH D5 SMOW (Standard Mean Ocean
Water) BHWHHN B, L L, Bicih~7c & 5 lcPDBE
BEERB S L T L2V T, PDBIcT % 68
D dip o T 3 BIOBHER} (Reference Sample) iz 53
BEPLGBELT PDB Ry — tRbFTZ LiZLTW
5. Ei, EELOERETI, ARG ERS
R OREHKENREL E2BET 57D, RaeE LR
FRICEER—0 3B — = & Tk 2 ORE 5 fEEER
#t(Working standard) & MR Z L iz§ 25— & 4L3H - H
BLTWS. ZOEEEENR L LT, kit
EREEAWT LRV, BELEERBOMRE T
Blc, BIE CaCOyl ZHVTNS.

LT AT, RuEEGRAR L ZBRILRE D RAE
HERET 5, ERic, BELRIBLRE LR
SRR D —BLIRRE E R A EESTERICANS Z LT
XV, & 3ZREREH(CEMLRSR) IO 5 HHHE 2 HlE
LCWa, Zo @R R & 1 & 2 % 32k (Machine
standard) LIPS Z L1275, EEERBHIREFE D
BRI EVWREFH > 2 L S8 % LW, JHIEELE
REE UTRHWS B IRLRRIL, (EEEERER Y
DOFHERE D DR 2 LIV R VA, RAREORE
Fick o TAMRO ZBILRFELZ V5 HE b H 5.

2.2.2 JEEOHHIE

BESHFO 2 vy ¥ —BETERICHE - WESh
%) @ Fi, E§&44 (120160160+>’ Eéﬁk 45 (130160160+ +
120160170+), &(){Eé%ﬁ 46 (12C160180+ +130160170+ +
BCYOYON) D Z@LIRFE A A v TH B, 2O WEHE
oW T, HRARBHEAORBIRH AN T TELBR
BOBRE, A4 VROBHHEY D=2 vy ¥ —BBA~KIE
THE, TSy s/ RERETS. EEL0
Biz MAT 250 B8 & 43 47 51Tk, WEREROKREL
X, BERHOFC6ORBEIRHLT, ZhEh fis=
1.0006 (X f,6=1.00285 G 5.

Wiz, ZOMEME»SEDRERMERL (PC/HC) &
UEERFRINAEL (PO/°0) B3Rkw 3 bici, £hZh
DHPEEIH+EPC 2 "0 0RELEHWETILERD
5. Crate (1957) i F7nav 7 ¥ — ez KBRS
HTOWMEREZHE L., Fovavy s —THEER46
NAFVERETDHE, BEK 44,45 O+ 3R~
Davyr—TcHEShE. 22T, HEshsRMk
M Ryg i3, BEB 46/ (BEB 414+-EEEA45) L2y,

12160180 - 13C16O7Q - 12CL7 QL0
46 12C16Q16Q) |- 18CL6Q16Q | 12CL6O170
ThB. —F, MAT20REEAFHISEO= Vv &
—BEERE-TR Y, BRI, 15 RU460 =LK
AFVERBCHAD VY 7 —CilE - WETDIZ L
BTED., Z0k), R IEER6/EERHTHY,
R _ 120160180 + 130160170 +12017017O
467 120160160
Ligy, BEBOSOAZTVOFENRL RSB, Ry iTo
WTCIETEE & b R—&HT,

130160160 _l_ 120160170

- 12C18Q160)

Ry

Thb.

F7z, COratc(1957) DEER, MEEREREHC PDB
PORARLE_BILRBEAV R EOLOTHEZD
T, fhoREEEREcH LTIIET 3R, BB
BEELETVERDS. ChboDHEREZEELTE

B+ Lk, CaCOs1 oA L7 BRIk & HIEE
BREL LT, NV FLaLr E—HCCHIE LS

BOMERE, KO X Ditk3.

6130=1.0670645m—o.0334546m} o
5150 —=1.00115%m—0.00226%m )
=2 L,

svm=—Raw—Raen 1000 (n 1345 % 72 1346)

n{st)
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3. sl LoMES
3.1 —EbRFHRERE
RREEH L RERR» bR E 2 BT &tk %

100 T T J Y

!
i ° HzPOs Tmi l

80 -

COz yield (%)

70 -

10 15 20
CaC0z/HzPOs (g/L)

FeoBHB/) vBECET 2 ZBRILRE
DR R

oy VB 1 ml A, o 2V VER 2 ml AL Fi,
REHINVY T H 20 mg kY rBR2ml ERACICEER
CaCOs/HsPO4=10 (g/!) Td 5.

A plot of CO, yield vs. calcite/phosphoric
acid ratio (g/1).

Open and solid circles refer to 1 ml and 2
ml amount of phosphoric acid, respectively.

I

Fig. 3

WD, WEEZETT 45 v X ZBLRERH
ET AR E 2 TER U, KISR0 EREOR
BHZ W, IBERH % 2080 560555 CHE %, £DH
HO—HIZ oW TR BERECASELRERTHRL TR
EBH L.

IR, HERES SLLED L OIgE—ERER, 1
BUTOHDIZ2-3% ELe>TW5S, T, RIER
BEAM LD DRINRBLLFTN, KGEEEELZT
LESENIRDZDOTHE LW, ZREFNDOERD
TERE b e LR FRO RN I, 6°CHE L 60k
DVFTHRO—EEERL, FhEh£0.05% OHEITIX
EoTW3. T, —BILRSFEMESM L °ClE, '°0
ELDBRIES>WT, FROEAIZA ARV, BT,
EHERRERTO EBLRFHBEREIII05THS.

3.2 H#l/UrEk

ERICHAVWIREORII, 5 —EOBRED TN
7T R EEFIIE L, Mo L o HEkeBE DR
R LCHLAEFTH 5. BREBEOESS, RS
BTHIET2BEOBYUBLBE L T, RERTIE, KRB
IALY AEIZLT0 mg BEZHAWLZ, ik, —8
{LIRFEE# 2 X 107*mol (EXEIRAB T 4.5 m!) AT 3
B, LWOEERARDOT, MoRME TETOEBRI L
5. E7o, RAEPERES L ORAYTLEHEEICD,
“HRER DL VY LAEICHE L T20 mg DR ST

T T T
T S8"C ]
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= I . i
32 F ]
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Fig. 4

03C and 80 vs. CO, yield.

d-values are reported relative to Tank CO,-I11I, one of our machine standards.
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SR REHELT, BRI LTS,

REEHI VYT K20 mg b BLRFLEERAE ST
BledicbBER Y VBRE, {LEERNICIZ 20 ul T
H5NB, U VBEHEESEL, KNSR FELMNET
5RELTERDLNZERDZOTEBRE cHNSE. 22
T, ROV T A 20mg & Y R 2ml CHELIZLZ
5, IRITIZFIC% TH o f. [WRIPR100%I2 72 5 22 WEE
BHELT, ZBERED Y VB~DBEERELOND D
T, Vv lml £72132ml ikt LCIRB IV Y AR
PELESETERETo. ZORER, RE/V v B
sty 2 —BRLREOINROELTRDLT LE 3D
X51ei s, VU Uik 2ml Wi ERICRIT B INERIT,
y= x—0.4)/x DR Licd v, Zhix, “V B 1lm!
%Y 0.4 mg DRI NV T Kb ZIRILEREI R
HPitEd” WO ZLEBRLTWE., 2D L5 REAK
VX, RREER B (1981) b Bl&, RHELTW3. KB
vy AR EERRR, YV UVB-BERCHLT—EED
TERLIRENED LW O KR, Y VBRieHT B 2Rk
IREDOEBEL R LTWS, LbE2DhE. ZDkXH
AR T, UV VB lml #FWEERIEBWNTY,
INSRIZy = (x—0.4) /xDHIRITR S Z LB TRENB D,
ERIEZ OB Y ) EFMETS. Zhid, Bl
FORY VBRIIHENE L, KIERSMLenY VBE
(IBIF—ER) DERTE VWD, EEORE/V B
AU VR 2ml OBFAIYKRELRY, RET O
RPEF o bDEELZ NS,

—J5, T OEERICIT IR LFALGEL & o BREE
4D L9122y, FALEHIZIRICEE LN 53
brd. DFED, ZBRBO—ERY VBICEMLT
EiEhianE LTS, Z0DLEDKRIMO=mbikE L
Y UEBBICEERE L e R LIRFR ORI, BELEZKE
SORPESMZRWEE 2B, LEOER» S, Kit
DOREEMELBEEZLERLT, BRIV VB 1ml 2
HLTREB(REEIAL VT A ELT)20 mg BEZHNS
T LT aR, RER20 mg K BRWEATH-TH
HEECEEEEZRENbD LELLNS.

3.3 RICEE

I CaCO,-1 ZEBHC LI ERITRIT 554 O
R TR LRI L OBRE S SRR, Z#
{LRFEDILER, 6°C fH, 60 fH L& b, RLHH205-21
Bichz > T—E8Th 5. Blh, CaCOy-1i3 205 THE
KRIEE T LTWB S, 0kERILL E2 0 X ERE LT
b, RIGEBORNOKR Y VR & ORI
X o T, AR LIeZEMBIRFR O IR -SRI AR 0
EEFHILERY, LEXD. TD XYL, CaCO,-1

I
H T T 3) T
e
o2t E
£
8o |- . .
i
o
:,L),—oz— =
3 (¢
8 ) )
o é\IBO
@402 1 s
L]
3
E
© O r ° . . * 7
-02 - _
((
) )
100 |- -
gg -
o 95 -
@
2
o~
(@]
©
90 B
] 1

e
——~

1 2 3
Reaction time (hr)

BexOREHETORIERRORBRS
R « BFER AL

818G, 5180 L biz, {EEEHERED CaCOs-142 5
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CO, yield, and 6'®C and 680 values vs.
reaction time. d-values are reported re-
lative to CO, (Preparation No. 913.80)
evolved from CaCO;—1.
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Fig. 5

OBETEHRFECRIEDKET T30, KAORBTIK
BDOBNSDHBV., 22T, BEOERTIX, Kk
1% 15-20 WfH] (overnight) & JREI &3 5.

—%, RERAINVY DLAOREBEL, VVBEOK
ISEENNEWOT, RIERHERSTILERD .
iz, AT+ oeM»r LizFr<A bOBE,
3 | (65 BRI 2 Y 5.

4om o R W

4.1 HEEH

BiloEBREcESE, BcoERETHIEDCITTD
NTO BN L D00 REBIEEERHC DWW T, RERKR
BRFEINALERE Lz, SEREE LicidEhg, a0
FEBREOMEEFAEREL CaCO,-1 Oz, IFO 6T
H5.

NBS-18 & NBS-19 4a], IAEA OERELCOH



RESEREAR O RFERUBRRFL L ORRE (FRTH— - AR

EMED g s HE (Intercalibration Program) TEIA Sz
IRERIEERERAR TH B, NBS-181%, /Wy =A D H—
BFE2A PP ORBENTRBINVY T A THSB. NBS
-19, KEEPOELNILRBINLY ¥ AT, USGS
DEBRE CEEERERB L LTHAVWLRTE LD TH
5. hoBERL, ARORFEOHERERVBRE, BE
200-300 pm FEEE DR E EHK L BERSBE ORI L 7248,
Bifi S iz,

NBS-191%, TS BIRAELMIN T, ZhETcnioh
DEBRE CRIMELOBENTOILTWS. R - BBk
[FfLfEE L & PDB OEIEWO T, HEBRERE CRlER
DB - TR T, PDB icfib B ERERE L
BT LB ESh w5, —JF, NBS-181%, ¥*C, *0
Lb PDB EDZLWZ LFMONTWAER, EEAE
ShEEERD 2L, AEO IAEA © F el 5 AT
i3, NBS-19 e 2iExtEXx MET S ¥k bh
T3,

NBS-20 Solenhofen 7K BB S Nz fRER DV
v NG, Craic (1957) iz & - T PDB ot 2 ERH
HEhTHY, PDBREBBAFHRE L ofcth, £14
DHEERET PDB 27— &R HEHERE L LTHY
bhTna,

C. Calcite 37 F K%M Clayton BiZDEBREDVE
EEERBTH B,

TKL-1 & K2 0250 3 ¥ 1%, BLATTNER and

Hurston (1975, 1978) 23, RFBZRUVBRFENIALIZON
T, EREMCOWEBMEOLREITI dicH DR
BRBZEMLELOT, DO F—FREFEShTY
5.

TKL-1 %, Craic(1957) %3 PDB izt LU CRififEit %
HE L7e Te Kuiti AIKE LFE—R B < » 3. TKL-1
&, FEEOMICHEOMOGE E e, RREE R
bk ot w, BEROF ML THERN
(BraTTNER and Hurston, 1975). K-2 %, New Zealand
o Kaikoura [UMPED, H—FF %A MXITKRAOE
A& R TR IRE D bHRB & Wi fRa Chrfe63-
20 pm D777 a )T, HRENEL, ®0 BEX
&,

PDB 24—tk 6L, Ay —nogniic &
> TEREF CRHWRBREOCLE UL WREENHS. L
L, Zo0RBHOERE I, PDB 2y —1itkb
T, —BOEERTIRTTHS. Lpd, 19 DERS
oM ES i TKL-1 & K-2 0§ BRI Ao rEs
fE (A®Orxr-1/x-2= [(**O/*0) 1xL-1/ (*O[*O)g_,—1]
x 1000) %, 23.00 5% 23.60 OFIciE b0 %, EHLAMA
&R & v (Brarrner and Huiston, 1978),

4.2 AEERRCHOEREDMESE O LE:
REBHERERB O RFROCBRRAALRERERE,
ZhTh, 1 RKOHE2RITFT. FA—RABOHERE
X, 6°C g, 50 fE& $+0.03 % B AY, HH

BlR REBEEESP O RFEFRNAE LIE#R

Table 1 6%C values of carbonate reference samples.

‘ This work Others

Sample "3C*cacos—1(%0) 63Ci5s(%) 62Cppp(%o)

CaCO,— 1 **# +0.014-0. 01 (3)**** + 2.59

NBS-18 —7.5840.01(3) — 5.02 —4.90%
—5.00»

NBS-19 —0.69+0.01(3) + 1.89 +2. 00
+1.92®
+2.26%

NBS-20 —3.63+0.01(3) — 1.06

C. Calcite —12.984-0.01(3) —10.43

TKL-1 —4.2740.01(2) — L.70 —1.679
—1.699

K-2 —6.254-0.01(2) — 3.69 —3.71®

* Relative to CO, (Preparation No. 30141) evolved from CaCO;—1.
#* Defined by Craic (1957); 6*3C for NBS-20 relative to PDB= —1.06.

*** GSJ working standard.

#%%% Standard deviation; Figures in parentheses are number of independent measurements.
a) FRIEDMAN et al. (1981); b) CoPLEN ef al. (1983); c) R. CLayTon; d) Craic (1957); €) BLaTTneEr and HuLston (1978)
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Table 2 680 values of carbonate reference samples.

Sample This work Others
88 0* cac05-1(%0) 0'50F8a (%) 98 O0¢pp(%o)
CaCO,—1#** —0.044-0.01(3)***:* —15.00
NBS-18 —8.00-+0.04(3) —22.84 + 6. 60%(6'8Ogpow)
—22.88»
NBS-19 +12.9140.03(3) — 2.24 — 2.20®
— 2.20™
— 2,129
NBS-20 +10.984-0.01(3) — 4.14
C. Calcite +2.584-0.01(3 —12.41 — 12.379
TKL-1 +10.864+0. 02(2) — 4.26 — 4.179
— 4.26%
K-2 —11.904-0.00(2) —26.68 — 26.84®

* Relative to CO, (Preparation No.30141) evolved from CaCO;—1.
** Defined by Craic (1957); §180 for NBS-20 relative to PDB= —4.14.,

**% GSJ working standard.

*#%% Standard deviation; Figures in parentheses are number of independent measurements.
a) FRIEDMAN ef al. (1981); b) CopLEN et al. (1983); c¢) R. Crayron; d) Craic (1957); e) BLaTTNER and Hurston (1978)

HxIEE IR W, PDB X — ) OfE1E, PDB x4 5
NBS-20 0%, #h% h, 6°C=—1.06%, 6°0=—
4.14 % (Crate, 1957) b I3WTEH L, %72, SMOW
R =0 §%0 fH 1k, 25CiciF3 CO,-H,O i 1°
CaCO; — CO, » BMERNESBRE &, £hFh,
1. 0407 % (r1.01025 L L, Vienna-SMOW % E:#tjz LT
kbiz.

Bk H2HRICE MoBFEHFCL-TARENRT
WAEE WD e DIcsR Lie, A% TE bz NBS-
18 (* NBS-190 '3C fEix, =hFh, —502% Kk O
+ 1.89 % T, Frizpman et al. (1981) iz X 2 EEEEE
(ZHZh—4.90% K O+2.00%) X U REMICHE 0.1%
fEv. L2xL, CoPLEN ef al. (1983) DFEE L iz B W—3
BT, ERO 0.1% 0ER, BETREFBEDETDH
2 E DL, SROBFVLETHD. B, BixD
EEREIC BT 5 NBS-18 & NBS-19 0 6°C mAEFHME L,
ACyps-1g/nBs-19=—06.90% T&H 5, TKL-1 ¢ K-2D
0BC fE (—1L.70% & —3.69%) i,
Hurston (1978) 12X % 14 EE=E 0 EHE (Theh
—1.6940.13% & —3.7140.14%) LB {—FHKLTW5.

wic, BERRIERICOWTH S L, KFFETELN
7z NBS-19 @ 60 ppp fHIT —2. 24 %o T, FRIEDMAN ef
al. (1981) DEFEENEME —2.20% & BW—3 &R, —
%, NBS-18mD 513, FriepMAN et al. (1981) izik SMOW
A=V TORBE SN T BN, BFFEDE 080 smow
=+6.95% 1%, HHDME (+6.60%) Xk 1 0.35% @\ .

BrATTNER and

SMOW 2 —nvi2RDBZIHTc>T, 54 CO-HO0
DOBERFAMAESBIRI L LT Y DEE AW R H T
HBH, b L 10412 (Friepman and O’Nem, 1977) ¢b
5L LTh, 2hdbTRENDRENREOTRIL,
EROEOFREFHHECAZOT, ZOR—EKDR
Fixplo tzsritdh s ELONS. 728, CoPLEN ¢
al. (1983) 1z . % NBS-18m %0 fEix, PDB 2/ — ¢
—22.88%C, & DE L BN—ERT. &8, SMOW
Ry = TOR S DI dcos-He0 = 1. 0412 & AT
+7.35% THD. BarDEBREIBIFS NBS-18 &
NBS-19 & 6¥0 o Fa % g1,
—20.65% CH 5.

C. Calcite @ 6®Oppg i (—12. 41%) 1%, v b = K 2
NI vA b EREZCRTSE(-12.37%) L RW —
BT

TKL-1 & K-2ic oW T, A% ¢4 bz TKL-1
D 0%®0ppp B (—4.26%) X, Brarrner and Hurston
(1978) 1z X % 19%28k=E (PDB % & — Lic o\~ C ik 1558
) DEFEROTVHE(—4.26 %) L —FHL T35, &
2 AR, K2z o TEL 7 80pps f&(— 26.68 %)
%, Brarrner and Hurston (1978) iz X 5l —26.84
%ok V0.16%E <, TR, Tx DEBFREOHHR
{8 A¥®Orgy 3k -2=-+23.03 %o 1, FHEL V0.2 %o /1N
AL 2o TW5B. L L7AaD b, Buartner and Hurston
PHELDOH/ILOBTRRTVB X 5T, 19ERETEDL
Ntz A¥Oqxp-_yx-s D HIZEHSMERET, 23.0 5

18, =
A ONBS —18/NBS—19 —
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Table 83 X-ray diffraction peaks of impurities in carbonate reference samples.

Sample 26 (°) d (A) I/Ic* Mineral (hkl)

NBS-18 30.94 2.888 2.3 Dolomite (104)

NBS-20 26.62 3.346 0.3 Quartz (101)

TKL-1 26. 64 3.343 0.2 Quartz (101)

K-2 20.82 4.263 0.2 Quartz (100)
23.94 3.714 0.3 Ferroan dolomite (012)
26.20 3.398 0.4 Aragonite (111)
26. 64 3.343 0.7 Quartz (101)
27.20 3.276 0.2 Aragonite (021)
30.82 2.899 7.5 Ferroan dolomite (104)
33.12 2.702 0.1 Aragonite (012)
33.38 2. 682 0.1 Ferroan dolomite (006)
35.10 2.554 0.2 Ferroan dolomite (015)
37.26 2.411 0.3 Ferroan dolomite (110)
41.02 2. 198 0.7 Ferroan dolomite (113)
44.82 2. 020 0.6 Ferroan dolomite (202)
50. 36 1.810 0.6 Ferroan dolomite (018)
50. 90 1.792 0.6 Ferroan dolomite (116) (009)

Cu-K, radiation; 40 kV, 150 mA.

* Intensities referred to the intensity of calcite (104) as 100.

4R BRsRERETORBEFERBOBRILRBONBRURRE « BRERALE L

Table 4 CO, yield, and §'3C and 680 values of carbonate reference samples at reaction time of 1, 19 or 41 hr.

Sample Sample Reaction yield O13C* (%) O8O* (%)
size (mg) time (hr) (%)
NBS-18 21.3 1 92.6 —7.56 — 7.99
19 95.3 —7.55 — 7.99
21.5 41 93.9 —7.56 — 8.02
NBS-19 21.4 1 93.7 —0.69 +12.77
19 96.6 —0.68 +12.79
TKL-1 20.6 1 99. 4 —4.28 +10.78
19 100. 6 —4.30 +10.77
K-2 21.2 1 85.5 —6.35 —12.13
19 95.3 —6.25 —11.86
21.0 41 95.0 —6.25 —11.88

* Relative to CaCOy3—1

5 23.6% DEFICbi-> TR Y, FHEIIHE2ER
ERERV. Tx ORI, ZOSMEEO TRICIES
T35, ZOEDELDSEDFERITOVWTIE, RETELR
+5.

4.3 EESFPORMYOBE
IREREEIEAP OMBE # FER T2 720, 3HkhE: Xk
RETHW Lie. HEAUSNOEHE—27 0B L iRk
Bz oW, BEREZE HIRT. Ak, NBS-19, C.

Calcite R O'CaCO-1ix i b i 2 A Th - 7z
NBS-18i%, R LT Fr<A bEFGATNSENR,
F—XHMEMTIRB I 252 Fe<va o (104) oK
AL BT B L, ZOEFREIN2%THD LR
Sha.

NBS-20i%, Thi & L THBOFEEEATNBR,
FIfRic LT, flikemdeo (101) o RGHHaE L ik ¥ 3
L, FOEEER02%BETH S,

— 77—

|
5
&
i



MEREFARES %S 529

TKL-11, WEOAH(<0.2%) &S,

K-29k, FevAf MR (7=wT7y FuwAb
DEHFE —27 L —FF 55, XERERE T TREET
ERWEBIZT%E R, = OMICHEE (S 8590.4%)
DWEOT T ITFA b EFL»R VAR THS.

TN XD, BERBTICARMPBEET D L1
FLVWZ ETERL BEFev A PBARBALTHWER
Bk, KGRI X > TIERSENL S LSR5 7]
RS 5. 22w, NBS-18, NBS-19, TKL-1 REUK
-2 0 4 BHEREHC DWW T, R 5 FURR R TORRELT
- 7o (NBS- 1934l Aa 302 2%,  EhlR o 7o iz —fE iz L
HLk).

T OERE, RS 1 R TAER L TEMLiRFEE
BWEL, NELFENELEZHEL, SbGERRT S
®, RGBA I9RESICECRILKFEHEL, &
I L e B uRFB iz TINR L Rk & e
%, LWOILDThHSB., ZOWEELELHRITRT. NBS
-18, NBS-19 R O'TKL-1 1, KIGEE 1BEcE LR
Te LR IR LT B 0 F 3R ix 1 -3 % £A%
2> TW5H, FEEREEEL TR, —J, K-2 &
19Re D R FR D 7 BN TL0%, %0 fET0.3%
LB, RS L BEcREEER S Ths T L
FRLTWS., &, NBS-18L K-2 izonTid, KB
41 B O EER b e TIT o 722s, 19 B coRIEE
LRBDETH o 7.

PUEDOREREP L, K-2 3FBAUNDOREBE (3256
{ Zzm7v FuwAl) 2EETEIRVEZSATR
Y, ZOGEMHRY VB ERIELIZ Wew, KISEREIC
X o TEBLRBOUE L FNLE LI BOERET S
T LB LRI o T RGREAE N, K20 50
DR BIFOMEIIEL Y, #-T, TKL-1 LoiEx
fETHD A¥Orgr_yk—2 DRHEITOEIKREL 5.
BrarTner and Huiston (1978) (2|34 EBRE CTO KRG
BRI TWARAVYOCHETRRVND, Figo
A¥Orgr_1x-2 EDE S EDFED—2E, ZOKRK
BEEOEWC L 3K-2 D 680 E0IF 50X TikRvh

2) GoNFIANTINI (1978)1%, 180/180 F7355.5% g Y # &> 2
DOKEHERR V-SMOW (IAEA THSL & ho i RIRLAHER 25
SMOW L& L vwkathl) & SLAP (BlEOKS b S hick
BB leowT, 36DEREICRIT D A180v-smow/sLap [Ex
BELTwa, ThicksL, ZLEDR L 2 ERELZR
Th, HOESOEE2%icET S, Z0OELOEDFERO—
X, BEROMHZOLOORFEHRECL 2L ELDNBH, b
Uh 2% DI 65 E BT RCEEDTERH ORKHBEEC L5 b0
LIRET B L, AM8OvV-smow/[sLAP fIE(55. 5%0) DH#I40% DIE %
> AY8OTKL-1/K-g fE (23%0) 122V TiE, 0.8%DiE HDE A4
U3 Z iz 5. BuaTTner and Huston (1978) 0#fEic
Roh3E0Ebo&itE, TOZEERTSLOLEENT
VwBThHAH.

LEZLRBY,

NBS-18 % R4y & LTHIED Fre~<4 b2, B
Rk ORIEIC 5 2 5 EBRERTE 3. #-T, NBS
-18 L NBS-19 A& 1T, REEEDOFMEHIERIT 28
W2y — LV OBREICANWSZ LBHES LELLNS.

5 ¥ & 0®

AHE T, WETER O KEBERICRE LR
IR P R AR A RS 2 W It RBR R OBHER
RERHIERBROMES B, ERFESZHICHET
BRIBRER L. ERFHEIMBLILTRY, B3ED
B\, SBOPFRICTHABILOED EELTNDS.
F7e, ZOEBEEZHAWT, REBEEEEREO FA AR
BEITote. ZOER IAEA ~B&shizds, £EO
EREICRITAHEE LB MM LDTHE. —
¥, BREBEETEREE XM RE TR LTS, »S
SPORPI T E L LAYMHLE. 205D,
WEOBEOHE ST DB CEBERNS, Favf
P EET b D IREESNBET, KirK-2(Kaikoura No. 2)
BRI X > CRMLE RO JIRERI BT 5D T,
ERERE L LTIEY TR EE L bR D.
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