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Abstract: Isotope dilution thermal ionization mass spectrometry (ID-TIMS) combined
with the advantage of thermal ionization mass spectrometry in isotope measurement with
isotope dilution technology is one of primary method of measurement. ID-TIMS has the
following advantages: 1) high accuracy; 2) quantitative recovery of measured elements
is not required in the process of experiment. Mass fractionation effect is difficult to
obtain accurately and it is the main factor affecting the accurate determination of isotope
composition. Taking the analysis of strontium isotope ratio as an example, the whole
calculation and derivation process were introduced. The method for mass fractionation
correction based on exponential approximation was proposed. It could achieve the goal
of obtaining isotopic ratio and element content at the same time by weighing one sample

and was suitable for isotope with two internal reference isotopic ratios in static multicol-
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lector measurements mode. The exponential approximation was similar to the linear
correction law formula transformed from the complex exponential correction mode, the
calculation method was simple compared to those using Power law and Exponential law.
In addition. the influence of isotope ratio in spike on the isotope ratio of dilution analysis
was also be discussed. By changing the proportion of standard samples to spikes, a
series of strontium isotope ratios in standard samples could be obtained through calcula-
tion. The results showed that with the increased of mixing * Sr/* Sr ratio, the deviation
between the calculated *” Sr/* Sr in standard samples and the true value increased gradu-
ally. Therefore, mass fractionation correction for the isotope ratio of spike was necessa-
ry. Theoretically, if isotope ratio of spike was true value, the formula calculated * Sr/
% Sr of standard samples should be consistent, regardless of the mixing * Sr/* Sr ratio.
According to this theory, several standard samples were weighed with different propor-
tions of spike, then the mixing isotopic composition and isotopic composition of spike
were measured. The quality fractionation correction factor was obtained by mathemati-
cal iteration using the “solver” function in Excel software. The isotope ratio of spike
was corrected by quality fractionation correction factor. The results of spiked ratios of
international standard sample NBS987 using the method of correction for mass fractiona-
tion are consistent with the reference value within error range (¥ Sr/**Sr=0. 710 237+
8(1s)), and the influence of mixture spiking level on the spiked ratios is getting lower.
Key words: isotope dilution thermal ionization mass spectrometry (ID-TIMS); mass

fractionation; correction

493

T FA H B [R]AL 3R  RE BT i 1 (TD-TIMS)
I AR B T R RS % 0 o W) 0 2 F B L g
71, SR R R B ARMEGS A B X e R W E R
2o i b X e R FAL R A FRED & . 2
EFRAN I ik z — . HEF LRk
B DK BE R R B T VA I A A R R L
I K 25 AT 0. 01 %, 32 v A F IRl 2
b T TR 2 MR R 2 R 2 AUZ Tl TR
P2 T B AR T D 5 2) S0 ) A v R i
X G 2R R R R . B AR SR ID-TIMS
0 R ORI W BB R B AR
Sl FLX A5 005G 28 10 G s PRUB R B AIR ., Tk
SEL R TD-TIMS 32 0 2 S35 e 1) o 4 % 152 4
FAEWS s EESE H S T ID-TIMS il B3 )
IR LR AT 1Yk O vERR I R T 409 R R
T U A S R BT T RO R (O T
{18 2 0 A B b Y S A S B A T 3005 S5
[ F Rk 3 4 25 WF Bl 19 o i (Earthtime) 10 H 7
WFoEARAH E bR b5 A ID-TIMS Hl45 4F 8 2 i 5%
R BT ARIET 1 pg T,

TR B T VA AR AE R G 22, L E BRI

T2 HORAR I 45 ) 22 52 B W AR I ZE 5=
HOR AR LA | R A7 2 BB R AN S . X T
TR s 6 g AR IE  — ABOE i 4 T — R E
AT B RO A ] B 38 g A 8 A S ORI
RSO A B T B IE B AN 0 B R
T2 HMRR RO 0 22 57+ AT R RS 38 b v )
AT IE " A £ T SR B 28 3 i 5F% 4
WOHR » 3 sk % 100 04 JE 75 12 1F 5 X T 0K 2%
AR LML IE , ik R (R 37 3K A8 91 s o 49y o £
AR EAE T — R L 2R bR v T A R
P T 2SR AR A g O 2 ()67 3K 0 R
T W) [R) 07 2R 2L FS0 o e 0 7 1) 2 2 PR R AR U
o 2 A 194 AR PR R R A 0 R A

o P S5 A 0 08 S T R A A R A I
T BORE TE AU B TR L 2 B A3 AN 4K
NI AR IE B A B g5 R =5 R
A CER A =ML LA R o — AR R
(EEARE VIR AL AT UK S LA E 1 [R] 407 3%
FCAELAE S B » SR AT 58— b o i o 6 1 I A
AHEATRLIE o X H R TE 48 8 [ 17 3% LE (e
FEHRAFENZ N . R TR AT A B Y AR



494

it i 2 4

a0t

FE WA TR 28 EGAEL ) TR0 2R Can gl [0 28D
IR AP BR A IE 5 B4 28 R R R AT 41 IR AR
TN, AR AR I 3 T B A A AR R AT 22
EE{JMF[IEE%ﬁngﬁﬁﬁﬁfiafﬁﬁnniﬁﬂ*ﬂwﬁﬁﬁ
AF TR B 8 T R o 4 ) 0 2 A ot RAR U A o
EXTRE SR AT A IS T bR R 2% L
Al N TARMEY) B e . R
& D s 2 AT a0 B R o 1R 6k ) R 5 2R Y 5
M, AN & 22 LA 0 3R (A7 300 A 1 o
BB XU R FRE AR B T K R AR R T
Y e s B 700 Fn AR S BR2E T r s i)
2R .
T T 0 4 Jomm B8 T) A7 3% 0 ek R e o
Sy VR IE BN A o LA BRE [R) Ar 25 0 A )
AN A B, AT LA Sr/% Sr=10. 119 4 8§
YONA/MNA=0. 721 9 PEAT N AR UE AL o
TR ) R i R R R TR A5 % S/ SroAs
P 0.119 4, " Nd/" NdAR FfJ£0.721 9, —
L[] 37 2% 43 At AR & AR 2EAT B R O3 A 0 ) 67 3R
WA vl o g i N R | NS D S e e S |
SRR T IR AT I S B — 10 0 A B 50 a2
R OIS I Vi g N | [ = i R S 1 VA A £
Chu S5 5 80 8 5335 v R 2 32 0 26 3
A BT 33 vk A A 8 0 1T R 7 3R A3 TR RS AE Oy TR AT
TRV R B E A WA NS FZRAALR L
{ELFY T 3 AT AR AT 6 B 43 A W) 62 28 000 2 5 R
FRECF X R E R S 1A ] TS 2 40k
G ESIENE 2 AN UE % =3 T IR Vs i T g =
T3 % o 2R T B 325 AR T 36 % A 8 ) (W) o7 2% 1) Jo
L ithT X R R ZK Y & DO 5 € o WA |
TR, K E WA AL TE
A% s e B 2 W — SE R KR A AT
A AR L T A R, 5 () 67 2% B B vk

FEFR IR A R HLAE ) EAN A A% DT R
FHE S FE . SR TG 8O AU 209 6 B 43 17 (]
u%w AR IE T *IM’T\EX 13 A b 1 [ B

REIFA R L MOT R & &, A T et R
JI‘J&%%EE{E{E@%T“XTHQ%%MEH R LA
TR R0 [ A5 28 ot 0 18 P R O 7 9 o

1 REAERBSEUXRHERREZENITE
L1 #&pYSr/*Srk Sr 2 BWitE
SR JH 1R 4R BE 1™ S AR S i e ) Lk 2 %

[l o 3R AL . R A BRI ARE b o T A =2

[l 28 A T AR A R i O [R5 3R LU AEL M -
(B) (Bt b, W
86/ wxr  (86)x 1 (86)s

A N O RE R S D i B mix T O A dh A1
R AR R & . XD AL (2)

By (32) +cexm
86wt owe s My O X M X (2—2)8
2
AL CY M FE S Sr i (umol /@) s CS' M i
BRI W Sr it (umol/g) s My A FE i I FK
FE i (@) s Ms MG BRI W m A& (g .
[ 3, 1520 (3) L ()

88
( %) mixT -

5 (38) ey my x (

~86 84 @
C8 X My + C¥ X M X (84)S

CY¥ X My X

C% % My 88)

84/ s

(3

87
<%)mixT -

C¥ X My X (%)h G5 X M X <%)s

" N 86
C¥ X My - C8 X My X (@)S

(4)
$K (2 ORI JRFF A IR 2T, 43 51
55,

U ) 84
[( 3)

X[(/SGXMN (%)S}:

) e xmo s ®

X[(/%XMN <§%>s:|:

/—\
‘OO
[exSkee]

]
]

(55)

it

N

—(§e) . x e xmo @
(5

[( 8.
(56— (5
(5).

B2 (5 4351558 6) L (D) A E L 15 B[R A
BB R ERR TR

(55— (56)s (56)e — (5).

84 84 /88 88
(%>N_<%>mi)ﬂ' <%)N_(%>miT

X

(56)
) P [oemx (), ]

o Mo @

(8)



SESH B RS SR R R I R R B IR T R R R 495

(58) s~ (5)s _ (56)u — (56),
(5.~ (58)o (6)e~ (G6)ua

MR 3 C5) AT A5 A B 20 A7 B A o A ™ Se
%\%‘(‘umol/g):

o = L) (§).0 i s
o —

[(58) 0 = (58) o< (Gg).

(10)

9

R G FE—EE SRS ST & F
(pg/@:
84 84 .
W(Sr) = U%) — ()., }XL X M

86/ m
(5., (5), Jowon (3.
[ (5) + ()t (56) e
an
A Ars. S Sr B AR X I 5 B
A2 (9Dl 45 i B 20 A7 A% dh o Sr/% Sr

CHE Y
o L5 ().

), -
(..
84

6
4 84
86>miT7 <%>s

(12)

L2 BERAMERACERESBERE

FACRRL B T DN A [0 3R LU MR A9 AN Al E
B i [A) 6 2R o B A P R 0 R S B
FEah 28 Al R p R R R R L R e 2k A &
BUR HE TR [ 2R Y 28 K He ) i ) ) R
A AR A DT 3 N [ 4 2R R (AL AL X T

(), (5).05).

(), [

AR RZ % HE TR . w] A L
225 LR T3 o i 2 S R E DY 1 8 1
i [ 7 2 FUAE AL IE

Russell 4500 52 2% ) 18 BORE IE #2328 0
FEARTE LIS 0L AR M A I A 5 0 45 B0 LA
EAV/AE

; — (Am, ]-)Zf>

2m;

St FORHETER IR (R ()

(1422 (13)

7 R AR ) e i
FUARL A8 00 0L s Ao 71 0[RS 2R Y JoE 4
Z%ﬂn N J AL ER Y R RG £ R
o3 REE R
FE i -Fi BE SRR 5 4 A * Se/*° Se ¥ Sr /% Sr
A St/ Sry 5 43 M A I 4% AR 23 35

84 84
<%>mix'l' - <%)mix\/[ ><

(1 St gm(gfm‘“*“ Cp) o an
(56) 0 = (§8)

(1 St gﬂfﬁmsw’ Cp) o as
(56 = (§8)

(1 Sz gﬂfgf’”w“ Lp) o as

F XD R AN ) 45 2 B4
Br IF) A7 2 0t 20 1R RS OE R S WA A
A7) s FARAR A6, BI5E B R FE 557 Sr/* Sr
) 7 R I

)3 Y ) ()]

REIE)

2 BRAKE

MWD A7) A LLE ), F P
3 TR 57 2R JB i v N R[] 6 3R N B R
FTFI AL 2R O AE 23 52 W A o 8 (R A7 3R P (AN &5
I P AR I o 3 S A o S R R R 1

(874> ](Aﬂlgg 65 — (Amgg g5)°
86/~ 2mgg

) (5) (8, (§), (R giamest)

(17)
FC B, AT RLAS B4R HE ) — R 5 B8R A7 3R LU e, B
IR M BE LL 2 W 0 K TH RS B RS HERY S Sr/
S5 IE B (EL R A L B S R TR 1. R
45 2R R 22 R T R R R b R IR 6 R EU AR )
o DRI o A K R 5 194 [ £ 3R L (B AT o
HARELE™



496

Wl 0%

0.7152
0.7150f
0.7148F
0.71461
0.7144F ¢
0.71421
0.71400 *

0.7138 ; : . : ;

(®7Sr/%8r)y

IRARRELL(CASI/ASD) nier

Bl TEBREHELT,
HRONERMRILESR
Fig. 1 Results of Sr isotope ratio

of analysis with different mixture ratios

3] BRARESBRERZE

AT LAFI 2% %0 S/ Sr=0. 119 4 %}
AE AR5 DU A i B R, 28 R AT I 0 A0 IR AR
TE s E 0 A 00 R o R R R R
OSr/®SrAFAETF 0.119 4, RILFIHZSH W
HEAT MRS IE o R 2 HGAEL 17 5 2t 43 1R AR I il
R FHAMRIE B b (R0 28 B A 5 15 21 9
it VR R B0 A R R AT R AE S R A R A A
P HERE il 1 25 0 23 B5OA [R) S BT 4 R 2800 A
[7i) o AR o 6 b 32E 47 5 6 43 TR R O, TR UL L R
KB o AT A IR . 3K R A Y R
FEBORAUBE X, i F Excel 24 o #8310 5K fi e/
O ATHCF AR SR I A R b SeAd R
18 J5 it 3 1R DXL o O X A R R0 ) JB 3 TR R AT
K IE

TR T 70 ) A7 28 B L 00 o 149 JO o 4318 A% IE.
TR s 536 BOR U545 51 .

84 84
(55) e = (§6) e @
< 1+ AMig_ss ; (Amg,_gs )Zf}) 1%)
Mg
88 88
(86)r = (55)
< 14+ Amgg_gs ;7)/1(82‘77183736 )? I ) (19)
87 87
(55) e = (§6) 0 @
e DRCD

1+ Amgy g6
7

i o ) Jo e W R I Y S B R G AE TR

fso FOH fo X (18),(19),(20) 7] 815
S 5 T8 790 194 7] 3 22 LU AR o K5 32 L (B 25 R g
KL AD CRIFR AW =W REF o
AT . (15, (16) KGR S E)G
TR 2R EU (B . fie e o i X (12) SRS AR A b
PR R LB . FE b SR B 5 ) 2R 1Y
PO B BT BL(E 28 BRSO SA3 B) Y (7 Sr/
OSr) MR RE— B RS2 8RR H KNI R
MR X — B8 B8 AR HERE 5 i AR & 7R
FE L P Sr/*° St i 43 51 24 0.05,0.3,0. 6,1,
1.5.2.3.4.5 A [A) b4 o 7 B 50 8 YR 5 IS
0 ¢ 790 094 [7) 57 38 2 B s 1 1 Excel R4
R 5K i R B AT B 1. 7E Excel BLAISK iR
HOBEE s AR 8 IR EI D6 =
DTS/ P8 — (TSr/* S0 sy |y H AR
BE AR R i/ME . BRIR A A s ERP
Shy s B ) B A A AR RS IE T, AR R 4R R (18)
(19, 20) A7 B[R 07 R L fE .

4 HRWIE

N UE bR 5 2 64 OE B P R IE T R
NBS987 £ [f] {2 2 bn #EH) 5T 15 Sr Hi ¢ 77) 75 ¥
TN () i o LU TR o I B ) o 3R A i o 0 s TR
EER 7N OB S IR A = | R i S B Yy I g -
NBS987 4 [l {3 2 AR ) Jo (197 Sr/*° S, 45 3R
F & 2. G5FFEHT,NBSO87 £ [F] {37 2 b e ) it
I AR IR 22V N 5 2 % 0 — 20 Hat iR
G5 R W BE L B2 R AL/

0.71028

0.71026

0.71024 4]

(®7St/36Sr)y

A1 S [
0.71022F
NBSO87:EH (A . 34Sr/80Sr=0.710237+8(10)
0.71020

T T T T
0.50 1.50 2.50 3.50 4.50

(34Sr/808r) it

B2 AEBEHEBILT,HBRBIW
NBS987 BRI L KRR BN EE
Fig. 2 Reproducibility of spiked analysis
of NBS987 with different mixture ratios



Ir 45 < S T A P [ £ 3R RO vk 1 B R JS R 0 R 20N AL IE

497

5 45iE

AHIE 5T LA TH A (R 67 2R R R BT vk
BRI A 2 LU A B FEA A 4 T T R R
IR . R AR % B R W) 67 3R 2R A7 oL i A
TR IE A A — 5 1 D 22 » Bl 75 TR 5 7 R Lk iy 3
K FEM R R AT S5 R g 1 k. B =%
MR . SRR BOR A O B 5 i [
AL 2R LU AR DU 5 B S5 5 43 1R 2E AT BEOE 8 1 B2
TEAC TR L SRR [ 2 2R be A I R o A Y
JoT St 43 V8 R o B T SR A AR RS R W) A 2 LU Y
MIEAE . 207 e 1 B[R] 7 2 LG AR i
(9 VA R S /N 1 A R DN vp AR R R W) 7 2R
LB AS B 5 B S e, 4 T AR RS IE TR & L
H 0 o TR B . SR AR R 2 NBS987 4
[F A0 28 LA AS [RDTE 65 7 B LU i 11 45 R A ¢
IWHERE FREBEAN S HESHMHE —
HmW.

SE K

(1] JAW%, 240 BB HE. %M ICHUR &5 47 ik
JELT]. 4 Mk 2& 4, 2004, 23(2) : 110-115.
ZHOU Tao, LI Jinying, ZHAO Motian. Recent
progress of inorganic trace analysis by mass spec-
trometry[ J . Journal of Instrumental Analysis,
2004, 23(2): 110-115Cin Chinese).

(2] EwRWIEET,XFEH.ER . JH B F L

2P B o3 U8 AN I I T RO ] A R
it T Bk 2%, 2014, 31 (1) :48-52.
WANG Xiaoming, CUI Jianyong, LIU Yuang,
PEI Lingyun. Dissolution of correction method
for fractionation effect of strontium spike isotopic
ratios[J]. World Nuclear Geoscience, 2014, 31
(1) : 48-52(in Chinese).

(3] . ZW, kR E ., £IR. 2 F L 9 LR,

Barbados & 3 5] fE &5 K B2 Bl & 4R 8% Kot [ .
Mo R RR A, 1999,34(1) 1 119-125.
MA Zhibang. XIA Ming, ZHANG Chenghui,
WANG Zhaorong, PENG Zicheng, SUN Wei-
dong. High precision dating and discussion of
corel reefs from Barbados with U series method
[J]. Scientia Geologica Scinica, 1999, 34 (1).
119-125Cin Chinese).

(4] EZRBE. R e R AR W R BT A
T PR S AR A R HERR I R[], BRBR AL
2004,(1).111-112.

(6]

7]

[8]

[9]

[10]

WANG Jun, ZHAO Motian. Accurate measure-
ment of trace cadmium and lead by IDTIMS[ ] ].
Environmental Chemistry, 2004, (1): 111-112
(in Chinese).

EAE LR BT 2 (R 3R R B vk
FELLTE PR AL B 24 4R, 2003, 24 (4)
501-504.
WANG Jun, ZHAO Motian. Measurement of
trace Pb in red wine with thermal ionization iso-
tope dilution mass spectrometry[ J]. Journal of
Chinese Mass Spectrometry Society, 2003, 24
(4): 501-504(in Chinese).

Y id E IR, X S5 A, e JT B A JE e RE SR AR
SRAE. TR0 3R M R0 A T MR B B0 0k 0 AT
SRR P B O ~ (9D Tel[ T, #Ak 2 5k 4t
12 ,2012,34(5) :310-315.

TANG Lei, WANG Lixiong, LIU Xuemei,
LONG Kaiming, YANG Tongzai, XIONG Zong-
hua, GONG Jian. Determination of trace techne-
tium_99 in soil samples by isotope dilution/nega-
tive thermal ionization mass spectrometry[]].
Journal of Nuclear and Radiochemistry, 2012, 34
(5): 310-315(in Chinese).

MCLEAN N M, CONDON D J, SCHOENE B,
BOWRING S A. Evaluating uncertainties in the
calibration of isotopic reference materials and
(EARTHTIME
Tracer Calibration Part [[ )[]J]. Geochimica et
Cosmochimica Acta, 2015, 164 . 481-501.
CONDON D J, SCHOENE B, MCLEAN N M,
BOWRING S A, PARRISH R R. Metrology and

multi-element isotopic tracers

traceability of U-Pb isotope dilution geochronolo-
gy (EARTHTIME Tracer Calibration Part [ )
[J]. Geochimica et Cosmochimica Acta, 2015,
164. 464-480.

SCHALTEGGER U, SCHMITT A K, HORST-
WOOD M S A. U-Th-Pb zircon geochronology
by ID-TIMS, SIMS. and laser ablation ICP-MS.
Recipes, interpretations, and opportunities [ ] ].
Chemical Geology, 2015, 402 89-110.

(B NI S S e S 11 3l N
AR, SEBOE. B IR AR IS B BORE 55 1 CA-ID-
TIMS U-Pb i 4 B 4 07 2: [T, B2 4,
2016,61(10):1 121-1 129.

CHU Zhuyin, XU Junjie, CHEN Zhi, LI Cha-
ofeng, LI Xianghui, HE Huaiyu, LI Xianhua,
GUO Jinghui. Ultra_low blank analytical proce-



498

=

L I

a0t

(11]

[12]

[13]

[14]

[15]

(16]

[17]

dure for high precision CA-ID-TIMS U_Pb dation
of single grain zircons[J]. Chinese Science Bulle-
tin, 2016, 61(10): 1 121-1 129(in Chinese).
CHUZY, YANG Y H, QIAO G S. A calcula-
tion method to eliminate gain effect on isotopic
measurement using the virtual amplifier multi-
collector mass spectrometer[J]. International
Journal of Mass Spectrometry, 2006, 253 (1):
130-135.

B A e, EREWT R DR EEE. £
FR IR, 2 5 % A3k o 2 A A 0 8% A 1R O M
AR A 0 A LT ).t B ot Bl 4%, 2018,
35(3):168-172.

YAN Yan, TANG Shuting, WANG Xiaoming,
ZHU Jianming, YAN Jun, CUI Jianyong. Per-
formance evaluation and efficiency calculation of
Faraday cups for multiple collector thermal ioni-
zation mass spectrometer[ ] |. World Nuclear Ge-
oscience, 2018, 35(3): 168-172(in Chinese).
B AT B R A B BEAL POl B
TEHHE SRR AR R MR ERORLT]. Bl 4%
2009,30(4) :239-243.

WEI Xingjian, DENG Dachao, LIAO Junsheng,
YU Chunrong, YUAN Li. Calibration technique
of nonlinearity of the single amplifiers of tims
[J1. Journal of Chinese Mass Spectrometry Soci-
ety, 2009, 30(4): 239-243(in Chinese).
BOELRIJK N A I M. A general formula for
“double” isotope dilution analysis[J]. Chem Ge-
ol, 1968, 3. 323-325.

RUSSELL W A, PAPANASTASSIOU D A,
TOMBRELLO T A. Ca isotope fractionation on
the Earth and other solar system materials[ ] ].
Geochimica et Cosmochimica Acta, 1978, 42(8) .
1 075-1 090.

PIMENTEL G. The Sm-Nd isotopic method in
the geochronology laboratory of the university of
Brasilia[ ] ].
Anais, 2000, 72(2) . 219-245.

OLIVEIRA O P, DEBOLLE W, RICHTER S,
ALONSO A, KUHN H, SARKIS ] E S, WEL-

Academia Brasileira de Ciencias

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

LLUM R. Evaluation of n(**U) /n(**U) isotope
ratios measurements in a set of uranium samples
by thermal ionization mass spectrometry[ J]. In-
ternational Journal of Mass Spectrometry, 2005,
246 35-42.

ABRAMS S A. WEN ] P. Methodologies for using
stable isotopes to assess magnesium absorption and
secretion in children[ J]. Journal of the American
College of Nutrition, 1999, 18(1); 30-35.

BEARD B L., JOHNSON C M. High precision
iron isotope measurements of terrestrial and lunar
materials[ J ]. Geochimica et Cosmochimica Acta,
1999, 63(11/12): 1 653-1 660.

RUDGE ] F, REYNOLDS B C, BOURDON B.
The double spike toolbox[J]. Chemical Geology,
2009, 265(3/4): 420-431.

DZ/T 0184.6-1997 &4l {37 2% b 5 4 e 11 ¢ [7]
PR B E LS. Jbat . o E bR v AR A L 1997,
CHU Z Y, YANG Y H, GUO ] H, QIAO G S.
Calculation methods for direct internal mass frac-
tionation correction of spiked isotopic ratios from
multi-collector mass spectrometric measurements
[J]. International Journal of Mass Spectrometry,
2010, 299(2) . 87-93.

GOPALAN K. Direct correction for mass frac-
tionation of spiked isotopic ratios from dynamic
multicollector measurements| ]J]. Geochemical Jour-
nal, 2002, 36. 83-89.

TR W G A R, O SR R
o 8 I 5 28 2H B R HE AR E (T ]t Bt B
2%,2019,36(2):119-124.

ZHANG Tianrui, ZENG Yuan, YAN Yan,
TANG Shuting, ZHU Jianming. Accurate deter-
mination of strontium isotope composition in * Sr
spike[ J]. World Nuclear Geoscience, 2019, 36
(2): 119-124(in Chinese).

JOHNSON C M, BEARD B L. Correction of in-
strumentally produced mass fractionation during
isotopic analysis of Fe by thermal ionization mass
spectrometry[ J ]. International Journal of Mass

Spectrometry, 1999, 193(1). 87-99.



	5m.pdf
	h7.pdf



