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(f#,6%C = -16.05%0 £0.03%0) JAEA — CO -1
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2.1 EA -IRMS AN He S F&55H
Conflo plus H1 He #/<JE J1fa 2 M 2 x 10° Pa,

— Area,,

% EA 2% He S &4 90 kPa 100 kPa 110 kPa
120 kPa 1 130 kPa, JI 2 B {4 S 52 bR b 4E— 52
BRI A (L, 31 25 R4 T Fi %k 160 pg
MERCK £ & (8 85 F 7 58 B f A XF F 2 % <
8" C o o ERE R AE AR [R] He UK 3 F A AL
2.2 EA-IRMS &8k kb Zetb g i

TESPHTRE i 2 7, 4 EA — IRMS RG34 7%
AR ,9 4> on — off 577, CO, KBk 8" C
EARAEM 29 0. 02%0 (1) 5 53 4, AT T 2% X,
CO, Ok BB AT T MR, 67 C X" CO, B 7
S E (2300 ~ 7000 mV ) £ P [] 9 45 5 445t i ) o5
/NT 0. 04%0/1000 mV, FE 4 ¥ kL 5 Z B, % 46
B IR 6 v 7 3 6 v AT 4 T S K U R Bt 1Y
PERE, [F] A 2 b7 i 40 5 00 R 2 1 e o 1 S
GBWO04416 #Fr #E 1k {H %] T ¥ 2, MERCK #l
USGS24 H i 4 R FRAE Bt 15 85 7 I3 % I i 9 &
PSR 1B
2.3 SRR BRI I 5y 4 i S

5 B L PR IBUPR M) T USGS24 i FH A ) 4 <
3 I3 460 RF ], G ) 53¢ 9 A6 52 6 46 4 06 C.O, I TG AL
IR 43 W45 SR S, L3 3
2.4 FRIEDITRIIGA LS SRRl R

A IAEA — CO -9 USGS24 NBS19 IAEA -
CO — 1 PUA™ [ B o 0 S 0ok 22 S R34 7 DR,
MR 25 59 T3 2, H8 I 1 45 52 55 b o B 48
P  ZRVE IR 2R AR 2 BT, I 3
PRUED T GBWO4416 Xt 401 4 (9 48 Mk il 48 HEAT T 4%
B, GBWO4416 b v 2T {1 DL B 8 P A o {1 =2 (1]
Y2 4 0. 04%o, KX ZEH 2% .

# 1 AR He #UE D FUEMLUFH MERCK [ CO, 8515 5 MR {7 F 41K

Table 1  The results of ion intensities, isotopic composition of MERCK reference material in condition of different He pressure
pg R He I e,y O G ysicoy e L3
M(pg) (kPa) (%o)

MERCK 162.8 90 3777 ~12.446 23.2 260 s MG, IETE 80 s, AR T H BUAR A B vk 206
MERCK 163.2 100 3705 ~12.355 2.7 190 s MG ITE T0 s, AR IR L BRA A vk 06
MERCK 165.9 110 3697 -12.617 22.3 170 s il W58 70 s, AR eI R H 30K B vk 9l
MERCK 163.6 120 3585 -12.564 21.9 160 s Hil 1658 65 s, brufEls T H LA /N A IR S g
MERCK 166.9 130 3401 -12.688 20.4 155 s U, W 5 65 s ARIEIATT Rt IR 06

Vs YU TR A LR RO 5 R ) 35S E SO ~ 60 mV (Kl B HEE 31— 7E 3000 ~ 4000 mV., ] FLIAS3 =i Jy JEfi , %t
A 45 SRR 7 A B T MR S T R, i JL R 50 R L e o R 0 I LM FE 3 (150 kPa) BEACT:
He S J7, FUAT 4 He 17 (130 kPa) RIS JHI 240, KHIE2RAGH S SR/ M
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Table 2 Spreadsheet calculation of data from reference materials and normalization of internal standard GBW04416 batch sequence in

EA-IRMS
T 8" Caam = ret W 2= HRER 8" Coeam - veDB FrifEdk 81 C FrRAfEm 22
7N HE D ES a\
(%o) 8" Cop— st (%0) (%0) (%o) (lo)
z5 1 (CF4) ~3.733 3.573 - - - 0.11
TAEA - CO -9 ~22.467 32.121 24.811 1 s0.1 - 0.3
IAEA - CO -9 ~22.165 33.845 24.340 T EED - :
USGS24 6.234 72.216 6.750 1 ol - |
USGS24 6.251 77.868 6.731 -15.9£0.13 - 0.0
NBS19 22.561 45.668 24.792 Lo - 010
NBSI9 22.660 44904 24.941 : - :
IAEA - CO - 1 23.100 46.966 25.309 ) 4820.03 - 0.05
TAEA - CO - 1 23.080 45.237 25.379 e =0 - :
MERCK ~12.295 51.765 ~12.930 155 10,05 - 0.09
MERCK ~12.224 40.089 ~13.055 T EY - -
GBW04416 22.497 51.738 24. 442 L6l 20,03 1.56 0,001
GBWO04416 22.168 44.217 24. 445 O =D 1.55 :
5000 ue/e C 8" C o - s A 2= HROER 8 C - veoB bRk 81 C FrRAfEm 22
ug/ g = HI A
(%o) 8]3C>am—rel(%0) (%0) (%0> (lo)
Blank ( 8}4F + 4 30) -3.98 4.975 - - - -
TAEA - CO -1 + 734 21.917 51.492 24. 687 - - 0.20
TAEA - CO - 1 + £ 21.639 52.480 24.439 - - :
USGS24 + 73 5.459 52.285 6.451 - - o 14
USGS24 + Fidk 5.650 64.265 6.458 - - :
MERCK + £ ~12.21 48. 880 ~13.143 - - 0. 007
MERCK + f7 & -12.22 46.791 -13.202 - - :
GBW04416 + 75 3% 21.187 48.312 24.076 - 1.70 013
GBWO04416 + 7734 21.009 48.613 23.995 - 1.62 :
2000 ue/a C 8 Coam— et Ve T 2 AR 8" Cum - veoB brifiEfk 67 C i 22
He/g AN .
° (%) 8" Cppr e (%0) (%0) (%) (o)
Blank (3#F + 77%) —4.122 8.440 - - - -
TAEA —CO -1 + [ 20. 302 49.387 25.336 - - 0,28
TAEA —CO -1 + {734 20. 698 53.075 25.391 - - :
USGS24 + F3 5.104 54.516 6.794 - - 0,003
USGS24 + 773 5.108 60. 883 6.593 - - :
MERCK + 3 ~11.804 51.317 ~13.316 - - 0.07
MERCK + £ ~11.908 57.572 ~13.245 - - :
GBW04416 + £ 19.598 49.295 24.498 - 1.59 0,08
GBW04416 + 751% 19.706 49.497 24. 604 - 1.69 :
1000 /s 8" Com - I = EIEE 8" Com - v FREfL 81 C R
ng/g Y N ~
° (%o) 8" Cpn— e (%0) (%o) (%) (lo)
Blank (3F + 771%) ~4.301 15.708 - - - -
IAEA —CO -1 + [ 17.927 60.784 25.673 - - 0.06
TAEA —CO -1 + [ 18.014 61. 180 25.722 - - :
USGS24 + £k 3.399 60. 008 6.129 - - o 17
USGS24 + F 3 3.405 55.759 6.427 - - :
USGS24 + 773 3.689 56.470 6.767 - - -
MERCK + £ ~10.238 69.024 ~13.987 - -
MERCK + £ ~10.333 74.026 ~13.958 - - 0.08
MERCK + £ ~10.176 71.434 ~13.832 - -
GBWO04416 + 773 17.328 63.977 24.300 - 1.55 0,08
GBWO04416 + 7734 17.210 62.240 24.471 - 1.66 :
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800 ue/e C 8 Coam—ret s A = ARIEN 8" Copmn—vevn ik 8 C b 22
ug/g + HI DA
(%0) 8]3C>am—n:l(%0) (%0) (%0> (o)
Blank ( 4% + f1#) —-4.522 25.221 - - -
TIAEA -CO -1 + {43 16.060 84.489 24.819 - - 0.43
TAEA -CO -1 + 43 16.063 80.630 25.433 - - T
USGS24 + {48 2.104 59.624 6.961 - - 0.2
USGS24 + A7 4% 2.654 70.798 6.625 - - ’
MERCK + f7 3% -10.292 78.574 -13.0196 - - 0.19
MERCK + f7 %% —-10.548 80.778 -13.2836 - - ’
GBWO04416 + A% 15.626 83.451 24.353 - 1.63 0.27
GBW04416 + £7 4% 15.289 78.157 24.728 - 2.00 ’
600 pg/g C 8" C - et W i L ZAKIEG 8 C o vevn Friifl 87 C bR 2=
. ESIEA
(EHH) (%o) 8" Cn - rer (%0) (%o) (%o) (1o)
Blank (453 #F + f7 %) -2.220 22.330 - - - -
TIAEA -CO -1 + 43 16.516 70.101 25.274 - - -
USGS24 + 7% 3.359 64.110 6.341 - - 0.01
USGS24 + 7% 3.337 63.840 6.327 - - ’
MERCK + A7 %% -9.466 69.136 -12.922 - - 0.01
MERCK + f7 3% -9.618 71.633 -12.968 - - ’
GBW04416 + £7 3 15.995 71.531 24.262 - 1.67 0.07
GBW04416 + {73 16.364 74.220 24.361 - 1.77 ’
500 us/a C 8" Cp et - ZHREE 8" Cop—veoB Frifidl 8 C T v it 22
Hg/g = [HI A
(%o) 8" C et (%0) (%o) (%o) (lo)
Blank (B} + 73) ~4.325 19.006 - - - -
TAEA -CO -1 + 43 14.390 91.240 19.314 - - 0.31
IAEA —=CO -1 + {435 13.953 76.618 19.983 - - ’
USGS24 + 7% 2.189 70.945 4.572 - - 018
USGS24 + 7% 2.660 80.459 4.820 - - ’
MERCK + £7 9% -9.844 81.594 -11.520 - - 0.37
MERCK + f7 %% -9.460 82.800 -10.990 - - ’
GBW04416 + £7 4% 13.271 78.692 18.874 - 1.50 0.68
GBW04416 + {73 12.986 85.816 17.910 - 0.32 ’

- (D Ferp B EAE AR TR T 19— sequence (45555 4 S %5 PR IEIT 6" Cn o rer (%) " JRARHE SCH A9 24 20 (2) THEA 15
@ 7z H () 7 ZARIE B PIAB AP IR AL, Blank (BIAR + £198) " AR BIARANAT SEPT5 #0 7 AL AR, 7678 A HUBR T3 T RE
A 2 R 7 H0BR , X RR D) B Blank (8595 + £138) ” $1BR .

M(pg) M(ng)
0 40 80 120 160 200 240 280 320 10 20 30 0,
-11.6 F(a) MERCK }}é i (b) USGS24 - _6'8
ALT 1201 y=2.10252E-5x-12.45541 S des
118 F -124F — V4 :
2119t -12.8¢ . R L H16.4
s -1 4000 6000 < 62 &
2 120+ o1
= —46.0 &
-12.1F - 30004500 4000 4500 ¢
2ok N - - 6.8F T T T T .
- - -
-123 2'3_ N PX
a4l 56l y=8.834E-5x+5.85706 {54
-12.5 L s f f m L ! f I I 5'2_ I 1 1 152
1000 2000 3000 4000 5000 6000 7000 8000 0 1000 2000 3000 4000 5000 6000 7000
1(%CO,) 1(*CO,)

1 MERCK 1 USGS24 FrifEWIiebrht: it 5 2§ 15 5 B i i Zhe iz el
Fig.1 The relationship of sample size, ion intensity and linearity for IRMS showed using MERCK and USGS24 reference materials
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43 USGS24 bRtEnIFAEAN R TE AR A 11 IR 958 1ty e o A1

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
— T T T

10

IAEA-CO-1

R # 4 Bk
Table 3 The results of peak areas, isotopic composition of or NBS19
ial in conditi i -0t
USGS24 reference material in condition of different < USGS24
pressure and time ST
e e =0.9927x-22.70
o FEREROER O 30t y=0.99
BedgE T A0, ACMC0,)/m 5, (%) s R=0.9999
m(pg) (kPa/s)
40
USGS24 18.3 110/8 23.262 1.271 5.555
50 IAEA-CO-9
USGS24 20.4 120/8 29.451 1.444 5.815 L L L 1 L
o4 20.1 130 ! 3 0.994 -30 -20 -10 0 10 20 30
USGS . 30/8 9.98 .99 5.375 §°C,(%o)
USGS24 20.0 150/8 38.964 1.948 5.887
UsG24  20.1 150/12 42.020 2.091 6.027 P2 [ bt oot I s (e A S e P Il s e pth 2
USGS24 20.2 150 /14 42.624 2.110 5.990 Fig. 2 The calibration line fitted between the determination
USGS24 20.6 150 /15 43.142 2.094 6.094 values and the true values of international reference

e materials

2.5 bR SR A PGS R Ze PR E

% 85 TAEA - CO -9 FnEH) i fi R 40 7E AR
PRI T S R 7R EA g R 22K (1o
=0.33%0, W3 2) , HAEIR A9 1Y 34 5 v v RE A e
ANTE4 AERRHEIR G AS P . TAEA - CO -1
F1 NBS19 FfH b4z, e bR IR G b e 5 T
USGS24 TAEA — CO — 1 il MERCK #7 ¥ i VE 1R
G4y, BE EG B 43 1 24 5000 2000, 1000
800,600 F1500ng/ g, H A5 R ANFR2 PR . WK h

AT B i s 2R, 6 C o 1A RS IE S
AEARSE D B AE B , [R] IO JBE A
HER) TR A1 SR 45 ) 1R A5 R BR AR T (A7 & A
BIAR R ) S AR HER) TR A A AL LA 3

AN R BRI U065 (R e 5 R 14 AR R R
AP, X CBWO4416 Kk J5 Y R 7E w55 ¥ B2
NG EAR OB, AR H R (U 500 pe/g) A
A T ORI o AN [RIAERE TR BRI il 2 0] 3 [ b
HEMI IR PR HE S R AT T 400, W 4.

2L, fR

[ a 5000 pug/g IAEA-CO-1 " b 2000 ug/g IAEA-CO-1 [ ¢ 1000 pg/g IAEA-CO-1
0 5°C,mn=1.66%0 %0.06% [ 5"°Cupms=1.64%0 %0.07%o [ 6°Clp=1.61%0 £0.07%o
5T (GBW04416,1=2) - (GBW04416,n=2) I (GBW04416,n=2)
3 -10f : L
E sl USGS23 i USGS24 | USGS24
:,U 207 »=1.001x-22.41 =0.985x-22.53 1=0.993x-22.58
©25F R*=0.999 r R*=0.999 r R*=0.999
230 F L L
:431(5) i MERCK i MERCK §
5t 4 800 ne/g IAEA-CO-1[ e 600 pglg IAEA-CO-1 £ 500 ne/g [AEA-CO-1
0 6"Cpps=1.81%0 £0.26%o 6"Cpps=1.72 %0 £0.07%o0 | 0"Clpps=0.91%0 +£0.83%0
2 -5 (GBW04416,n=2) (GBW04416,n=2) (GBW04416,n=2)
< .10
USGS24 USGS24
s .15
o
w -20
$=0.994x-22.58 $=0.999x-22.54 y=1.231x-21.73
25 R=0.999 R=0.999 R=0.999
-30
-35
-40 I I | I I I I I I L MER(;K L L L L L L L L L L L L L ) )
21510 -5 0 5 10 15 20 25 30-15 -10 -5 0 5 10 15 20 25 30-15 -10 -5 0 5 10 15 20 25 30
lsncket(%o) él]CRcf(%o) (suckcl(%o)
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Fig.3 Calibration lines between the true values and those values subtracted background values of silica + Sn capsules determined for

different carbon concentrations of the mixtures of the reference materials and silica powder
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HEALE 2R 5 B T B a5 R kAT

B IRA WA IE (A PR E S 400, A8V C {H 3

P, giR%&k

A FFE+0.2%0 2 o FHXT 6 A A SREE AT T 45
BT, I ZRH AR HE 1) o AA) iS4 A T T 8 0 %08 oy 25 2 1Y)

FrUETR A

Pk LR R il e 0 T HE 5 O 4 SR AT
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Table 4 Theoretical values and calibration values of determination results from MERCK + USGS24 + silica as well as natural samples

MERCK + USGS24 Myprex Myscson J 2 ARIEE e il LA T AAE
Coearbon (1E/8) (pg) (pg) sam et 8" C iy et (%0) 8" Cyppp (%) 8" C(%o)
67.0 14.5 -0.870 ~0.739 -23.22 -22.98
5000 63.8 20.3 0.465 0.734 -21.54 -21.35
39.5 17.3 1.539 1.980 -20.28 -20.20
57.8 23.9 1.316 1.947 -20.55 -20.40
2000 79.6 8.2 -4.209 -4.353 -27.10 -26.53
56.8 10.6 -1.761 -1.344 -23.97 -23.66
48.8 10.7 -1.771 -0.712 -23.14 -22.92
1000 58.2 11.2 -1.904 ~1.171 -23.58 -23.51
51.2 9.8 ~1.898 ~0.928 -23.35 -23.54
57.7 16.8 -0.676 0. 467 -21.71 -21.71
800 82.7 22.2 -0.389 0. 480 -21.70 -22.04
65.7 21.2 -0.009 1.121 -21.03 -21.30
52.8 8.4 -2.310 -2.363 -24.89 -24.41
600 46.1 11.4 -0.857 -0.115 -22.65 -22.39
67.2 10.0 -2.115 ~2.065 -24.60 —24.74
500 46.9 14.2 -0.678 0.151 -22.24 -21.55
N Ko g A U SlAHFRIEY) 5T
AR T Wl AR IEE o o ,
| ﬁ}é P ﬁﬁf TR 28 et Bt Bl
carbon mg sam — re 00
l ! SBC\’I’I)B(%") 5]3C\'P])B(%0)
4665 14FS05 2.47 14.249 8.918 -13.67 -13.85
4772 141LX24 4.60 13.610 8.251 -14.33 -14.51
852 121718 13.12 19.939 -3.621 -25.98 -26.29
1092 121725 11.25 20.097 1.394 -21.13 -21.32
913 121217 11.41 19.544 ~3.438 -25.74 -26.11
846 121714 11.65 19.914 4.022 ~18.00 -18.71

i : o " FR SRR TR AR 2 o 5000 pg/g INACHERZ T2 y =0. 989x —22.4932000 pg/g I AHEMZ IR y = 1. 017x - 22.29;1000
pe/g IMHHERZETT R v =0.954x —22.463800 pg/g INACHERNZTTRE N v = 1. 044x —22.20;600 pg/g I RCHERTZTTREN y =0.998x —22.54;
500 pg/ g IFRSHERZE TN v = 1.023x ~22.37, SUATBREDIBTAHERIZE WL 2. B KRR, A ) R 3 B LU B AR E N R AR I
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Precise Measurement of Carbon Concentration and Isotopic Ratios in
Silicate Rocks by a High Sensitivity Elemental Analyzer Coupled with a
Continuous Flow Isotope Mass Spectrometry

ZHA Xiang-ping, GONG Bing, ZHENG Yong-fer
(Key Laboratory of Crust-Mantle Materials and Environments, Chinese Academy of Sciences, School of Earth and
Space Sciences, University of Science and Technology of China, Hefei 230026, China)

Highlights

Micro-amounts of carbon isotopes are analyzed in silicate rocks by a high sensitivity elemental analyzer coupled
with a continuous flow isotope mass spectrometrer.

Potential silicate matrix effects on the carbon isotopic analyses have been investigated by measuring the mixtures

of well-calibrated carbon reference materials and quartz powder.

* The calibration lines used to correct 8" C values of natural samples with low carbon content have been
established by the measured raw values and the known values of reference materials mixing with quartz powder

respectively, the carbon content of which compared with that of natural samples.
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isotopic composition of trace
carbon in silicate rock. Based on a series of tests, the key analytical parameters are confirmed. The normalization
procedure and reference materials selection are as follows. (1) Selection of standard materials with a wide carbon
isotope composition range and reasonable carbon isotope distribution. Preparation of the mixtures of reference
materials and super quality quartz power. (2) A calibration curve was established using the measured values and
certified values of the three reference materials similar to the samples. The measurement of natural samples is
normalized to achieve an accurate determination of trace carbon content as low as 600 pg/g in silicate rocks and
carbon isotopic composition. National standard material GBW04416 is used as an unknown sample to test the linear
equations regressed with different contents. When the carbon content is no lower than 600 pg/g, the standard
deviations are 0. 02%c, 0. 04%oc, 0. 05%0, —0.07%c, 0. 11%c, respectively. For the mixture of MERCK and
USGS24, the determined carbon isotopic composition and carbon content are comparable with the true value within
analytic uncertainty. Therefore, the high precision and accuracy of carbon isotopic composition can be obtained for
carbon content no less than 600 pg/g in 30 mg silicate rock. The carbon content of the sample was established
based on the linear curve established by the peak area (peak intensity) of the standard mixture of different carbon
contents and the corresponding content. Analytic uncertainty of carbon content of the sample is within 10% .

Key words: elemental analyzer; carbon concentration; carbon isotope ratio; silicate rocks

— 339 —



