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RIE, AIKA Kiel IV - IRMS A & 5T R AR ST S AR ER A S 09 8% L AR AL Z SE AT A 20 2 T 4714
FFvA GBW 04405 F= NBS 19 6 HF R T 7 B A o0 2 09 B BR AT A o J£ 1 ) B B 18] & ) A & 948 69 % v
2R EU B TAREAE SR AT 69 B B 8] R ), i B B A & 48480 £ 5, *TAESR 24 4 ~85 pg t94% 11
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L 7 i AT XS L, by Gl Wk R R A i 1) 20 BT B2 A1
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L1 YR 28:05

o A 2% i MAT253 J5t 1% {) ( 55 [ Thermo
Finnigan /3 7] ) , #% 3% I 4 B ol 9533 KV, U #R
ANEIBCA Kiel IVARER$h 25 H (52 [E Thermo Finnigan
NI

TEREERTCH] K B AR BE IR (Merck 24w 7 i) 78
80C ARG , A B2l H 8L — W T
VSN R TR, e B il 2o R R /KR4
SRIG B TR 80°C Ik, B 3 H A Mk i 43R
fif o WO AIBERR & 1M 102% ~105%
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BS54k — 3843 €O, , B3I K I % 1300
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= 170°C 22 A7 A 358 — R alifk (i /K #% Trapl A9 3
FHE 140°C , FHEL A B HE 28R, MER T — Y
alifl) SO 45 S AE 30°C B CO, , i T B4
B BT A I = 5 B, JF 38 15 5 0k B R Y
SZHESMETIRE, RIS H K - HEa SRS
HERE BB AR 7 2B I £ 45744 F146/44 1 T
H, 638 5 il &, a2t 22 SR H (355
87 CHI8"™0 HULfE, i 45 R IARRTF V - PDB i,
S SR RIRER F AR UED) it GBW 04405 415 .

2 g5
2.1 it )l 3 38 4 TR

AN A B R R 7 0 P AS TR, s o T o 2
(s TR AR B AN ] . 25°C T i A 24 b, K
ATE2S h, Haf 72 hyI5CH Ao A AWE
16 b py T SR I [ 784 25 S B % 114 IR iz
R OB, 1R 4 R R A 8 R, T
AL R 7. 7E LT B L GBW 04405 Al
NBS 19 BT T 78 70°C IR BE T, AN[R) S hz st
()X [R5 R AR A RE M o FREL 10 ~ 50 pg ARifERe fh
BEXERE DI, CARE 5 8P 7E 7T0°C LS 20 h 5T
I

M T FNE 2 7T LUE S BEASPRERE S ik R
I 7 28 1000 2 P 450 I S5 17 B 1) P9 i T s 1 o 24 2 1
] ) 600 s Bif,87C 15 80 M E{EI#E TRE
GBW 04405 1 6" C {25 1L 35 [ 4 0. 487%o ~
0. 572%0, )% ) 600 s J5 K45 7€ 0. 57%0, 5 ik 72 {1
0. 57%o0 = 0. 03%cHH—; 6" O T 1 (i 1 28 Akl
~8.632%0 ~ — 8.415%0, JZJii 600 s L) J5 Fa & &
—8. 41%o0, {EHEFE(E — 8. 49%0 + 0. 14%0 Fo VFAF AL TE
FEIPY . NBS 19 1 8" C il {5 A5 fk 3 Fl 4 1. 808%0
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Fig. 1 Analytical results of GBW 04405 at different reaction time

— 481 —



iy

. aoon
4
a4 http; // www. ykes. ac. cn

T
Y 2014 4

613CVFDB (%o0)
<o

50,0 (%o)
<

° N

-3.0

0 60 120 180 240 300 360 420 480 540 600 660 720
BRI (s)

Pl 2 AROSEIRTI R NBS 19 B4 Bras Rk

Fig. 2 Analytical results of NBS 19 at different reaction time
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) (A A AR A (87 C = 1.95%0, 8" 0 =
—2.20%o0) , Fb 4 FEE 43 SR 11 0. 03%0 1 0. 05%o.
XA e T 2% S GBW 04405 5 E , GBW
04405 WHEFE(E A — > U VF A8 7 [, AT 5 3K
NBS 19 i & F 5 HEAF (AP TR — € B 22 5%

GBW 04405 /1 6O I B {EFREE , BIAE A
TWHEP, AR AR RS EIE . NBS19 19670 14
FEAEBR IR 4318, 20 N 540 s A RE A E]

F 1 EBESEDIR 67 C A 6"0 s HiEs R

SERN . GBW 04405 7™ 7 J&] 11 )5 1 B2 P 8 K
1, NBS 19 Sy A1 KA, 952 LLJT file A0 ol 200 1Y
IR A, WIRA N oA AE U gy R
HA R A0 TSR HEA S, TEAN ] Sh B
[B] P NBS 19 #HX}F GBW 04405 B %) 7= A= [al v &R 47
T8, AT R A2 BN HA W) L5 1 T
2.2 bRifERERIOREEES R

Al Kiel IV 5 MAT253 B A & 45 58 0
B R S R A R B M, 6 [ K AR ME AR T GBW
04405 .GBW 04406 . GBW 04416 # 17ll &. B F
GBW 04405 Jz )i 180 s J7 8" C F1 8" O il f{H ¥ 1
WA AR ZE TS BN CAn B 1), AR 5258 1Y) S I Bsf
[ 240 s, 1 AT LI H,87C 18" 0 [k
FrUEMR 2243 310 0. 029%0F1 0. 076%0 , LEAL 2% FL 1Y
BRETEE 2 N (8" C<0.04%0,8"™ 0 <0.08%0) . #r
PREARE i 1) DU 2 7 1R 25 RV BN H S R —
e, UEIIZ AN AR ST AT AR S I AT TR
2.3 PR DN R 2 RIS
2.3.1 HRRSFESHRENLR

MR8 — FEFI 2 AB135 — S RV (Fe/h i
FE4 0.01 mg) FRIBUAS ] 53 2 1Y [ AR W) it GBW
04405 HEATINR, 25 40t FE i i S A B AR 5 ok
MIXRFR. BT EN S R e & kA28 1k,
FEE RN S R A, MRS HOR A —
URAIE A Esf 4 D 380 A A 0 15 5 o BE R A T EL %, [T 3
Jime M3 BT LLE A i SR S 15 5 0
HABIF MM, MR B(R) 58] 0.999, 15
SEBRRE A A TR AEGE R 2, — R X
FE PR E S PRI & . B TR SR (S S R
FETERAF AR OCE , P DAAR 98 4 i 19 05 5 0 B (K
WA it A
2.3.2 4 ~85 pg A AYRINGS

TESLR S R R B 55 AN TRIRR dfh i 1 B R &k

Table 1  Analytical results of 5 C and 6" O for national standard materials
o e o ) 5 (B ( %o) i
T T S A A : A : ikl
(%) Bk M2 W3K HAw BSK THM (%)
8"cC 0.57 +0.03 0. 621 0.585 0.573 0.609 0.586 0.595 0.018
GBW 04405
80 -8.49+0.14 -8.512 -8.396 -8.548 -8.492 -8.501  —8.490 0.050
8¢ -10.85£0.05 -10.862 =—-10.885 =—10.846 —10.823 —10.824 —-10.848 0.026
GBW 04406
5'%0 -12.40 £0.15 -12.265 -12.468 =-12.333 -12.307 -12.357 -12.346 0.076
8¢ 1.61 £0.03 1.569 1.632 1.554 1.582 1.587 1.585 0.029
GBW 04416
580 -11.59£0.11 —11.587 -11.469 ~—11.616 —11.500 -11.585 ~—11.551 0.063
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Fig.3 Relationship between weight of sample and CO, signal

intensity

FRUERE Sy GBW 04405, 17 Fil Kiel IV — IRMS X% 75
RO RS TRLIN , 5k R RIS, 2R A3 BT 4 SR 0 S L
Kl 4 FE 5, CO, A{F 5 50 BE U [l ol 1724 ~ 21972
mV, MRS S CO, 55 iR B A ¢ R A n] 5
FTBRARE SR KL 4 ~85 pg, MAF 87 C =0. 574%0
+0.027%0,6"0 = —8.519%0 +0. 065%0, CO, (5=
SREE R 6000 mV LUF ML /N T 20 wg 199 M
EhAE 8 C =0. 546%0 +0. 023%0,8" 0 = - 8. 585%o
+0. 042%0, ZALES FH TR 4 ~ 85 wg LR AOAE
i, Fe ARURE 2R AT (B S HEREE R A — 3, X
T4 ~20 pg AT BB A o H B 2 W] HE Y
FIIH Gasbench Il 5 MAT253 [F]{i % HAE BT EX
BHLZRGE AT K 20 ~ 100 g HRE SR 0o 25 L il
BT A FRCIE , BIE S 87 C F1 8" O (H A hn i 22
A3 51H 0. 12%0F0 0. 13%o0, 38 35 A< fF 57 25 5% L Al
A1, Kiel IV - IRMS XS TELZE 5347 771 L Gasbench 11
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Fig.4 Analytical results of 8 C at different signal intensity
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Fig.5 Analytical results of 80 at different signal intensity

3 Kiel IV = IRMS & Gasbench I — IRMS
62U pSRPRINRG |5

K H Kiel IV - IRMS 722853 #1 )7 755 Gasbench
II - IRMS Bk FH$: R X} GBW 04405 #4745 (n =
14) 255895 7% 2,

H132 2 AT L, Fi] Kiel IV — TRMS £ i f4F 5 15
EEREE R 12000 ~ 18000 mV | BE i K2 50 pe,
14 411y 8" C it (E B FEHEAE A 0. 57%0 = 0. 03%01%
ZEVLFE A, 8" O B {8 0 ¥ 7 HEF(H - 8. 49%0 =
0. 14%01% 25 N o Gasbench T — IRMS ] i) F¢
MR LN 140 wg, K ) 87 C e/ ME N 0. 519%0, B

#2  FiH Kiel IV - IRMS 5 Gasbench II — IRMS £iil] GBW
04405 5 Bra R
Table 2 Analytical results of 8”C and 80 for GBW 04405 by
Kiel IV-IRMS and Gasbench I -IRMS system

8" Cyppy (%0) 8'* Oyppp (%0)

e
s

il

R/ Kiel Gasbench Kiel Gasbench
IV-IRMS T -IRMS IV-IRMS T -IRMS
1 0. 581 0.519 -8.543 -8.671
2 0.572 0.532 -8.576 -8.686
3 0.584 0.548 -8.524 -8.685
4 0.560 0.548 -8.482 -8.674
5 0.575 0.552 -8.55 -8.674
6 0.591 0. 560 -8.497 -8.383
7 0.569 0.567 -8.577 -8.618
8 0.559 0.569 -8.565 -8.460
9 0.562 0.570 -8.494 -8.640
10 0.586 0.573 -8.567 -8.533
11 0.583 0.575 -8.569 -8.682
12 0.596 0.578 -8.405 -8.650
13 0.580 0.617 -8.525 -8.474
14 0.562 0.653 -8.481 -8.429
SEHA 0.576 0.569 -8.501 -8.590
PrfEfi2z  0.012 0.034 0.050 0.099
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Carbon and Oxygen Isotope Analysis of Trace Carbonate by Kiel [V-IRMS
Using On-line Dual Technique

YANG Hui, TANG Wet, WU Xia, WANG Hua, YING Qi-he, TU Lin-ling
(Karst Dynamics Laboratory, Ministry of Land and Resources, Institute of Karst Geology,
Chinese Academy of Geological Sciences, Guilin 541004, China)

Abstract; Stalagmites can rebuild the paleo-climate of decades and hundred years, which need more accurate
detection of trace carbonates in order to achieve high spatial resolution. However, the traditional phosphate acid
method with weight about 10 mg has been unable to meet analysis of trace samples, and the laser microprobe mass
spectrometry method requires calibration for test results. Carbon and oxygen isotopes of trace carbonate samples
have been detected by using Kiel [V-IRMS with on-line dual technique. Different carbonate standard reference
materials of GBW 04405 and NBS 19 were detected under different reaction times and different weights, and the
test results were compared with Gasbench I -IRMS results. The results indicate that isotopic fractionation values of
different carbonate standard reference materials are different, caused by different reaction times. 55 carbonate
standard material of GBW 04405 with weight about 4 —85 g have been analyzed and mean values of 8" C and 6" 0
are 0.574%0 +0.027%o and —8.519%0 +0. 065%¢ which are consistent with certified values of 0. 57%o + 0. 03%o
and —8.49%0 +0. 14%o, respectively. 14 carbonate standard material of GBW 04405 have been analyzed by Kiel
IV-IRMS and Gasbench [[ -IRMS with weight respectively about 50 wg and 140 pg. The results of 5 C and 8'° O are
0.576%0 +0.012%0 and —8.501%0 +0.050%¢ detected by Kiel IV-IRMS, 0.569%c +0.034%¢ and —8.590%0 +
0.099%o detected by Gasbench II-IRMS. The test result of the on-line dual technique consumed less sample, had
better precision and were more reproducible than that by Gasbench I -IRMS. The method of the on-line dual
technique meets the requirements of trace carbonate detection and carbonate sample applications can be used to
achieve high spatial resolution.

Key words: trace carbonate; carbon isotope; oxygen isotope; Kiel [V-IRMS on-line dual analysis; Gasbench II -

IRMS on-line analysis
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