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Table 1 Two-stage chemical separation of strontium isotope.
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Fig. 1 The elution curves of BCR-2 (a) and BHVO-2 (b) on cation resin (AG 50W-X8). The recovery rate of Sr was 99.16% and

98.91%, respectively.
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a—Simulates 50 groups of ¥’Sr/*Sr theoretical predictions when the cup
efficiency deviation is 20ppm. b—Simulates the variation of the ¥Sr/*’Sr

ratio with cup efficiency deviation.
B2 SR RIBBUIA RN RS sr FRIESS R,
Fig.2 Monte Carlo simulation of ¥’Sr/**Sr correction results

under different collection modes.
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Fig. 3 The measured values of Sr standard material under

NBS987 different correction modes.
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(A B Z A TEA, o XA bR e T
SR — 2 A A nr A BRI, I h IR
7k BCR-2 (¥St/**Sr 43 #7145 5 4 0.705023+0.000018
(n=10, 2SD), 5 #j A #i i {8 & Fl 0.705019 ~
0.705029 —% 2134 | GBW04411(#KAT) (¥ Sr/**Sr
A3 BT 45 5l 0.760008+0.000020(n=7, 2SD), FiEH
HEFHE 0.75999+0.00020 7 12 2% i [l N — B, X —
45 AR IAF 5T R F 0 A2 T AR v, AR 3 7
PiATAE . RIS, A b v O 0 R 3 (18 ~
20ppm) i E AL T AR AT HE 1) NBSO87 4 I 0K i
(8ppm), FI HE A H T AR o A B R — Rt 24
PRI R IR ZE TR . ZR B A bR HER) O A e
SR AIFZ R FH 8 038 7 3 BB M I o b S A
i B SRR, 2R AL, I 0 B2 L F 20ppm.
2.4 EEbRUEVIRR R IR SRR E

E bR AEY) 5 (GBW) R G4 A b b HLA B4y
(A BIF 5 Bl T A6 LT 3R B a R R 46 25 4 Bl
TFJE T KA S T4 153900 (H R xhix st
FrUEY) 5 A0 B R0 20 98 MR G T 55, AR D8 s
X H A 43 A5 PR 9 25 7 (GBWO07103, GBWO07104,
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I HEBERF IS S MR = R
TR FRFVbRUEY) AR RR R 2B s |12 v FH o

BEXFIX — ], AR BE T 13 i E bR Y
Ji, TS TR B A R AR S e (R 3),
FE 5 A HUTARRE 4 Fh: Z21L%A (GBWO7104) , Kk
#(GBWO07105) . # K2 (GBWO07112) | I JE 1 Z
A (GBWO07727), % W B9 Sr i & 48 {1k 5 [ N
271 ~ 1100pg/g; YUFLUE L AR KE 6 Fh . 1 b &
(GBWO07106), Tl & (GBWO07107). & i & A
(GBWO07108). [ = # (GBWO07114). £ JK #
(GBWO07120) . &4htb A (GBW07725), XA Sr 7%
T ARATE B 27 ~ 913pg/gs 7 i s ML AR AR 2 R
TR B KRR KL A (GBWO07726) . A KR RE
(GBWO7121), X} j () Sr % 4 43 Jll & 818ug/g.
690ug/g; HuME A M (GBWO7728)Fkf 1 Filr, JL
Sr ¥R 38ug/g.
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— 950 —
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Table 3  Strontium isotope composition of 13 Chinese geological reference materials.
A = LU Sr /é\% 87, 86, P gp* NTIEENAY RN 3
PRUEY) B A (ugle) Sr/*Sr AN DAL Z SCHR AR
0.704917 0.000011 - -
0.704918 0.000011 - -
0.704919 0.000014 - -
G(BG\ZEZ()M LI 790 0.704918 0.000002 TIMS A AL
0.704929 0.000012 TIMS Guo %(2023) |15
0.704931 0.000032 MC-ICP-MS Chen %(2022) 1]
0.704914 0.000030 TIMS Yang %£(2020) *
0.704079 0.000013 - -
0.704080 0.000011 - -
0.704076 0.000013 - -
0.704076 0.000012 - -
Gzzgg?s E3we 1100 0.704078 0.000005 TIMS AL
0.704076 0.000036 TIMS Fourny 45(2016) "
0.704093 0.000010 TIMS Guo %(2023) 113
0.704081 0.000016 MC-ICP-MS Chen %:(2022) 1!
0.704090 0.000016 MC-ICP-MS Wu %(2021) 14
0.719944 0.000012 - -
0.719948 0.000015 - -
GBWO07106 pa— . 0.719909 0.000011 - -
(GSR-4) 0.719898 0.000030 - -
0.719925 0.000050 TIMS A3
0.719936 0.000052 MC-ICP-MS Chen %:(2022) 1%
0.807405 0.000011 - -
0.807413 0.000016 - -
GBWOTIO7 TUH 90 0.807390 0.000014 - -
(GSRS5) 0.807399 0.000016 - -
0.807402 0.000019 TIMS A3
0.708383 0.000012 - -
0.708407 0.000013 - -
GBW07108 . . 0.708382 0.000011 - -
(GSR-6) TR o3 0.708399 0.000012 - -
0.708393 0.000024 TIMS A3
0.708406 0.000060 MC-ICP-MS Chen %£(2022) 1%
0.704383 0.000011 - -
GBWO07112 - o2 0.704382 0.000012 - -
(GSR-10) 0.704371 0.000010 - -
0.704379 0.000014 TIMS A3
0.708334 0.000013 - -
GBWO07114 S ) 0.708327 0.000018 - -
(GSR-12) 0.708348 0.000051 - -
0.708336 0.000022 TIMS A3
0.709394 0.000013 - -
GBW07120 p—— . 0.709430 0.000012 - -
(GSR-13) 0.709416 0.000012 - -
0.709414 0.000036 TIMS A3
0.709400 0.000012 - -
GBWO07121 o 600 0.709401 0.000013 - -
(GSR-14) 0.709396 0.000012 - -
0.709399 0.000005 TIMS A3
GBWO7725 N 0.726437 0.000012 - -
gl 252 0.726436 0.000013 - -
(GSR-16) 0.726437 0.000001 TIMS A3
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(B 3)
. Sr &g . . , s
Ve g Eol (ugle) 7S1/%Sr A =R e SCHR IR
0.704278 0.000016 - -
GBW07726 o ert e s 0.704297 0.000011 - -
(GSR-17) —IERHCORE 818 0.704294 0.000013 - -
0.704289 0.000021 TIMS AL
0.705919 0.000014 - -
GBW07727 i . 0.705922 0.000013 - -
(GSR-18) WU 2 2 0.705920 0.000011 - -
0.705921 0.000003 TIMS AL
0.708531 0.000012 - -
0.708519 0.000014 - -
GBWO7728 WA RO 38 0.708529 0.000014 - -
(GSR-19) 0.708509 0.000017 - -
0.708522 0.000020 TIMS AL

T R RIS TIMS WL BRREA UGS 78 BRI S 3R I A PR DL, SRl iS5 o 2SE
G 785, 22U BT B 2SDOHLK) , SCHRHE(EL i ANaf 2 BEdL ol 28D,

High Precision Strontium Isotope Measurement of Rock Standard Materials
by Multi-dynamic TIMS

WEI Yuqiu, HU Yating, ZHOU Lian, HU Zhaochu, FENG Lanping*
(State Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences (Wuhan),

Wauhan 430074, China)

HIGHLIGHTS

(1) Using a multi-dynamic correction technique can effectively eliminate the attenuation of the Faraday cup
coefficient.

(2) The accuracy of Sr isotope analysis by TIMS is improved by 2 to 3 times, using a multi-dynamic correction
method compared to traditional methods.

(3) High-precision Sr isotope results have been reported for 13 GBW reference materials, which can serve as

references for both quality assurance and interlaboratory comparisons for Sr isotopic studies.
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ABSTRACT

BACKGROUND: Strontium isotopes are a powerful geochemical indicator for tracing the sources and ages of ore-
forming materials. TIMS is internationally recognized as the “gold standard” for determining Sr isotopic
compositions, however, its analysis accuracy is severely limited by the attenuation of Faraday cup efficiency. How
to effectively eliminate the influence of Faraday cup efficiency change is the key to improving the accuracy of Sr
isotopes measured by TIMS. In addition, matrix reference materials are crucial for validating measurements on
geological samples. Therefore, it is necessary to calibrate the Sr isotope composition of new geological reference

materials to replace the unavailable standards (e.g., USGS).

OBJECTIVES: To develop a high-precision Sr isotope analysis method using multi-dynamic TIMS and accurately

calibrate a set of GBW reference materials with varying sample matrices.

METHODS: Samples were completely digested by the high-pressure bomb method. Complete separation of Sr
from sample matrices was accomplished through a two-stage column separation method consisting of ion exchange
resin (AG 50X-12) and extraction resin (Sr spec). Sr isotopes were measured using a multi-collector TIMS and
collected in a three-lines cup configuration. The internal normalization method was used to correct for instrument

mass bias, and the multi-dynamic collection method was employed to mitigate the effects of Faraday cup efficiency
drift.

RESULTS: (1) Significant Faraday cup deterioration (up to 160ug/g on C cup) was observed during an 8 months Sr
isotope analytical session. Nevertheless, the results from the Monte Carlo simulation indicate that the multi-dynamic
collection method can eliminate 99.6% of the cup coefficient effect. Moreover, long-term testing of NBS987 shows
that employing the multi-dynamic collection method results in an instrumental precision of 8ug/g, which is 2-3
times more accurate than traditional static collection methods. Overall, results from both theoretical predictions and
practical testing confirmed that the multi-dynamic collection method can effectively eliminate the effects of the cup
effect drift. (2) The Sr recovery of the leaching experiments for BCR-2 and BHVO-2 with AG 50W-X8 resin
column were 99.16% and 98.91%, respectively. The total Sr recovery of the two-stage columns was as high as 95%,
thus preventing any potential Sr isotope fractionation resulting from Sr losses during the column separation process.
— 953 —
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Furthermore, the total blank throughout the entire procedure was no higher than 150pg for Sr, which was negligible

compared to the large sample size. (3) High precision Sr isotope compositions were determined for 13 geological

reference samples with various sample matrices, resulting in *’Sr/**Sr ratio measurements ranging from 0.704078 to
0.807402. Among these results, GBW07104, GBW07105, GBW07106, and GBW07108 were found to be consistent

with previously reported values within the uncertainties and the other nine reference materials were reported herein

for the first time.

CONCLUTIONS: The cup effect can significantly impact the Sr isotope measured by MC-TIMS, but it can be

effectively mitigated by using a multi-dynamic collection method. Furthermore, independent test results demonstrate

the uniformity of the Sr isotope composition in these GBW standards, rendering them suitable for both quality

control and interlaboratory comparison purposes.

KEY WORDS: multi-dynamic collection; MC-TIMS; cup efficiency; strontium isotope; GBW reference materials
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