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The preparation of reference material for Fe isotope measurement of
magnetite samples

LI Jin, TANG Suo-han, MA Jian-xiong and ZHU Xiang-kun
(MNR Key Laboratory of Isotope Geology, MNR Key Laboratory of Deep-Earth Dynamics, Institute of Geology, Chinese Academy
of Geological Sciences, Beijing 100037, China)

Abstract: A new magnetite reference material, named CAGS-MAG, was prepared by the Institute of Geology, Chi-
nese Academy of Geological Sciences. One-way analysis of variance was used to test the homogeneity of CAGS-
MAG, and trend analysis was used to test the stability of CAGS-MAG during 30 months (five times). CAGS-MAG
showed sufficient homogeneity and stability for use as a Fe isotope reference material. The property value was deter-
mined by an interlaboratory comparison of results from five participating laboratories, which were Institute of Geolo-
gy, Chinese Academy of Geological Sciences, University of Science and Technology of China, China University of
Geosciences (Beijing), Tianjin University, and Guangzhou Institute of Geochemistry, Chinese Academy of Sci-
ences. The property value was calculated from the unweighted means of the results submitted by the participating
laboratories. Uncertainties were associated with batch characterization (u,,, ), possibility between-bottle variations
(u,,’), and those derived from effects related to long-term storage (u,.). The property values [8°Fe .o (%0)
and 8" Fe pyy.o14(%e) | for CAGS-MAG are 0. 68 and 0. 99, with a combined expanded uncertainty (k=2) of 0. 10

and 0. 13 respectively. CAGS-MAG can be used to validate chromatographic separation and total measurement
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procedures and to conduct inter-laboratory comparisons when Fe isotopes of iron ore samples, such as hematite sam-

ples and magnetite samples, were measured.

Key words: magnetite; Fe isotopes; reference material; property value; uncertainty
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Anbar et al. , 2000; Maréchal and Albreéde, 2002 ; Zhu
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FEl B b A AL 22 0 A U ER AL 2 b i ) Jot 3
S5 [ M N A R AR 77 ) BCR-2 BIR-1 (a) 1k
BHVO %, v [ i SRk 2 B b S it 7% )T 2 s ol ) 5
BT Z R Fe AL Z R EY R CAGS-Basalt (J R
FELE | 2008; Lier al. , 2019) F1ERA T 5 Fe [Af &
PRI L (Z5EAT, 2020) , ASCAA T Bl )
RERRA™ Fe (R ZARMEY) T CAGS-MAG,, %R 1EY)
JEAE BIF Al 2k R o A $E BR ISO Guide 35:2017 F
GB/T15000 5150 i 223K, 58 B T A 490 I3 1) 16
i 8 e BAIPERTIS RO TR A 30 R E (H 4 BT
GETAE, ENAMM TG K An Y BT, A SCfli
856F61RMM-014 il 857FeIRMM-014 KAIH Fe [A7 2 418,
BI: 8%Fe uon =[ (*Fe/>Fe) yn/ (PFe/*Fe) pumon—11%
1000, 8 Fepyon =[ ("Fe/™Fe) pn/ (Fe/*Fe ) o =
1]x1 000,
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WERR™ Fe [RLZARMEY) T 75 45 & DL R 20K
O Fb2E AN Fe R R4 IEH 210 @ Ptk
MR E , AT ISR ; B A R i BEWE 2
N A2 50 = IR 5 22, 3 o A ) Sk 9 R, B
S (P I 5% 0t W B A 0 R 8 S SR e M P 2 A
A3 AT AR HE W R GBWO07824 ( GFe3) I GBW07829
(GFe8) VE MG Fe [ RAEARED T, X2

PR e RS R R, e i B AUERTE B
12 38 2o (] SR ) A ) D, A 2 A 24 2
g B, I e v X T A o R BE AT B Fe [
REZAI, W AR LS 1, T GFe8 AYEK [l
KA GFe3 BIR, HAGHE 4 RIE B AT &
S PRI B 2 E T GReS AT N REERET Fe
[l 2R A AR HER I

R 1 BREBHRTIREDR Fe BARMMWER %o
Table 1 Primarily analyses of Fe isotopes of GFe3 and GFe8

R 5% Feigmu-o14 8”7 Feirmots
AR SR HEI T 1( GFe3) 0.36 0.50
TR e WL bR ER) 5T 2( GFe8) 0.68 0.99

Bt FE Y511 GFe8 4343 100 4 10 mL T4t
Hm IR B 10 g, 2086 5 % B T 52
g K a4 CAGS-MAG,

2 ST

H ] R 2 B i SO 5T 9T [ 3R A S 0 =
YRR E A 1 000 2%, M 65 BT ¥R T A2 100 2%, R
T UME S RRE S LA BTG R S Ak ali A oy B
TARRRE LR % e i, SE R Bl i A9 HCT, HNO,
FlHF #B 2 = 2002

FE 15 mL BRESR R BERR AR 0. 1 g B, Tl
A 3 mL ¥ HNO, &4 J5 A 10 mL ¥ HF, K 35
T EJFCEAE 130°C IR I 3 d, FRAE 2
Vs Ia B HE G AR HCL iR e 26+, & 3
W, BZETHREMSLL 1.5 mL 7 N HCL I f% 3 550
HL0.2 mL BVEW A FHEAT Fe M2 4lifl (&
FESE, 2006a, 2006b) , ZJEH Fe MM UERZE T, L
HlE Fe 5 pg/mL A BA 0. 1 N HNO, PR, 55
RT3

Bk T UM E (A A RE S, A BT AR L 1 B
M TAEARLE Hh SR 2% B b 5 A0F 5 i ] 47 28 5 56



553 1

PSR R ERIR) L FR AR ) A BT 537

2 1) ZHSE B TR BE A (MC-ICPMS) (32 Nu
Instrument £ =AY Nu Plasma HR) 52/, £ MiE T
FI S EFE 25 1 DSN-100 JBE 25 7 20 5 ik A S5 85 11K,
Fe [Alv 2 S0 AT 7E i 43 BRI | SR HIRE AR A
S (ARAFHIAE | 2008 ) #EATAL AR BT 43 AL IE

3 bruER A B S YA

BT IO 1) R P IO 1222 20 50 1, BRIV RIS 1) 4
G330 B N HRR R AR R AN SRR R T 22 e Bk 2 H
KGRI SR R 2, 7R R E T
() 75 2 FNZH PN 5 2 1) EA of ) W 25 2 0 {22 ) A
TRGNEZES IR 1) H /N TG 50 00 1
18, WA RE SRS, SR e |, Y Bk IT
DF 500 B, FHECRITECR AT 15 A4S, Bl AR
il & BE AR bR MEY IR 100 I, BRLE, JHER 15 i (m)
PEATRE S 3 AT R . FH BEAIL B SR i 2 Sl AR 1)
T o X BEALAH I BEERE PR 2 A () TRE
AT Fe RN R T, 2585 F 3% 2,

R 2 WHY Fe B RREMREIASESER %o
Table 2 Results of a between-bottle homogeneity study for
Fe isotopes of CAGS-MAG

561+ 57
67 Fegym-o1s 6” Ferpuons

R FZNNNG IR, F=5/s, s1=0,/
vy, $5=0,/v,0 HH Q ZAB I 2R, Q, ZHWNIT
ZR v =m-1(AHBIAME), v,=mn-m (LA HH
FE) o X NIRRT, X, S — I s
AREEE, N=mn, BIEABE(v,, v,) REGEEM L
FAEA o, AT H F R (&1, 1990) E1RImAH F,
(v,, v,) H, & F<F (v, v,), WA R4 PN Fi14H [
ToHIE 225 FEROEAIR . BEERET Fe [ 2R &1L
PREDI IS MG T R B 25 2 0L 3% 3, Y i bk
K a=0.05 B, 8Fe \aymon ™ 6 Fe \pumon ) FH
YINF F, (14, 15)=2.42 Ui B CAGS-MAG [ Fe
[} 37 2% 20 B0 SR AR TER) B34 S 20K, AR 1)
PERG I A5 R B/ NEFE R 0. 1 ¢,

4 PRI E(E

4.1 WiEMERR

P YA I 1) 2 LA X A 1 40 o e e (R ) 4
N, PRERI AR TR A E e Re R B R
AR 328 B AR, DR UEAEAS [ I 1] 55 25 8] 2 06 ) 7T L
PES —EM:, ZMENX — AU A R UE AR E ) 5T 1Y)
s B A WIEE , RIS D) 5 Y & (5 AR 38 Ao 3% 22 11
LU AEE LSR8 AN o 25 181 5 0% Bl [ o 1 256 1 Bk

FATRE : - —
R\ X T e X FOEK WA FTPMEE LA AT Fe Rl R I
1 0.68 0.59 0.63 0.9 0.97 0.9 . . .
2 0. ;8 0.66 0.67 0.97 0.94 0.9 HFHZE R bR 1% i) BCR-2,BIR-1(a) 2 BHVO
3 0.75 0.70  0.72 0.9  0.95  0.97 A AREY) BT HER) MC-ICPMS,, {58 [ Brid FH 1Y
4 0.67 0.68 0.67 0.95 0.93 0.94 TRMM-014 € M #7 ‘{ﬁ, B & {H 1 “0” , M a1
5 0.66 0.73 0.70 0.95 1.07 1.01 T
- 0 - NIl SR NEE
6 0.69 0.67 0.68 0.95 0.93  0.94 CAGS KIAG &) H?NfM 014 Fe [r)fi 25 AT .
7 0.76  0.69 0.73 1.08 0.95 1.01 4.2 EESHTERER
8 0.75 0.69 0.72 1.0l 1.00 1. 00 TER” Fe [RINEZARIEY iR 2 F 5280 = (52
oo e e D D S m = S) PR (AT PR
11 0.70 0.72 0.71 1.06 1.02 1.04 1EE’J$&@%E|3ﬂﬂfﬁﬂ%“éﬁ%iﬂﬁﬁﬁﬁ%ﬁ\*i&
2 07 o6 072 L0 100 Los  FANE(ALE) A EERER AR hEERER M
0T 060 06 L0097 0%y R R, R AT 3
15 0.75 0.67 0.71 103 0.97 1.0 K (n=3), IBAEEMEBIE (6 Fepmos
557FeIRMM-()14) W4,
=3 HIYH Fe A ZRMEMRMAIMKRIEER
Table 3 ANOVA table of the between-bottle homogeneity study for Fe isotope of CAGS-MAG

Fe [Alf % n m N X/ %o 0, 0, vy Uy F o Fy (14, 15)
8% Fepumoia 0.69 0.0015  0.0018 0.83
8" Fepumoia 2 15 30 0.99 0.0024  0.002 1 14 15 1.18 242
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Fe Bl E5R . PERGSS, GEit it W=3 T (X, 0+ X0 172 (X,
Table 4 Fe isotope analyses of the CAGS-MAG from X)), RPEB o, 25 n K KA RAEEM, 7641

participating laboratories

2 e R LA TR

56 57
07" Fepym-ons 0 Fepyu-o1

1 0.70 1.01
1 2 0.71 1.00
3 0.70 1.06
1 0.65 0.97
2 2 0. 60 0.89
3 0.63 0. 89
1 0.67 0.97
3 2 0.65 0.93
3 0. 65 0.97
1 0.70 1.03
4 2 0.78 1.12
3 0.77 1.12
1 0. 65 0.95
5 2 0.62 0.92
3 0.69 1.02

IR, B PR AN [ S50 28 4138 A9 Br 49 5 [ Bir-1
(a) Fll BCR-2] 1) Fe [Rf7 ZAG E 6°°Fe #RAT A4 ) B
LF 0. 05%0 ( Weyer et al. , 2005; Dauphas et al.
2009; Craddock and Dauphas, 2011; Millet et al. ,
2012; Liu et al. , 2014; Sossi et al. , 2015) {HH T
AN TR S 56 2 el FHT AL A A 7] R TE 5 AN [R]85 D AT
A5 AN ) S 16 3 AR AT A [l — A A AR TE ) BT Fe [R] 432
RIS 6°Fe #id T 0. 15%0(Li et al. , 2019) , 5
A SCIRAT AN 7] 52 56 %5 ] Fe [ o7 28 450408 1) 22 5 02
eSO
4.3 TEESWEEAOHIESIT

JIT A BIMVE S A0 5000 247 0% [ v ) e R~ o 3
SIS AT BE e it
4.3.1 HNETEVKLE

Xof B S 3 B AL %) 5 2 50U AR P AT 0 1k
(Grubbs ) K256 BRZH N B RE(E . B0 X, #6
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22), X, WS, XA (a,n) 250 ERE A
Lo i) KA R B, 2R, S
PR a=0. 05 i 5656FeIRMM-014 1 8 Fe .o T KL
PE lv, <A (a, n)s, To—FAME(F 5), v BT
AEAETCH N B R, 2R
4.3.2 EEBHEAIESTER T

W5 15 1Y E (80 1 th /N B R I HEZ1
K E B %8R 5 ( Shapiro-Wilk ) 36 HiE 47 1E 25

N FE A A R (49, 1990) . MGEiHE WsW(n,
p) B B e B R E Sy, W(n,p) SlHE K
Bon FIEAGMR p A, HET L HR P AR,
MEEWER p=0.95 I, W(15, 0.95)=0. 881,
TR 856F€IRMM-014 0l 857FeIRMM-014 i wAEY R T
G5 H W (15, 0.95) (K 6), i3 6 Fe pyy o
657FeIRMM-014 NIERESM

4.3.3 “EREERIE:

KR AR 1 ( Cochran ) X 5 5% 5L 16 == B g 17
TTENE BRI AR PE R s AR ], ol LI e b
C=si /35t Forfts, A s, PIRCRIR. X4
1 8 K a=0.05,8 Fe 04 A1 87 Fe o 1
GiitE ¢ #/NTIRAE C (a, n, m) [C(0.05, 2,
5)=10.683 8] (K 7), Wil 5 F LK = o ] GEEL IR
2H IR AR )R SRR S0 E

5 brUER) SRR E PR 5

B e JoT 1 A 0 P 2 48 B v ) o K I (R 2 7
W, FEANFE IR s |, e (A R RN AR 1Y
71 CAGS-MAG 2GR, AR R g . A4l Ay
BUR TR ST 4T CAGS-MAG Fe [Rf £ Hyfa &
PEUEAT T %55,

WS AR S 7E 2017 45 11 H 2018 45 5 H 2019
4E3 F 2019 4F 11 H #2020 4E 5 A %G Fe [A)
MEAREY FHEAT T 5 WK IR e MR 5 T AR,
Hd L% 8

W 5 YRR AR i AR SR AR I i, DL X
RG], DL Y AR RV (Fe R R) , LA R —
SCHL B Y=b,+b, X FaE VERF ST SEAREL R U] A5

B, =3 (X =X) (Y,=Y)/3(X,-X)?, i by =V~

b X, HERBRIERE 5= [ S(Y~byb,X)%/ (n-2)

BB s(b) =/, [3(X,-0)

R 25 R L 9, 2 8 E VK «=0.05
I, R b, M4/ N T ARSI AE ¢, ., -+ s(b)),
UL R R 2R OR B E M, W CAGS-MAG 1)
5 Fe o T 87 Fe g ons A LI B AR HE
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Table 7 Results of Cochran’s test for Fe isotope of CAGS-MAG
Z 5 MEEEN 8% Fermu-o14 87 Fermm-o14
P 2 1 2 3 5 $? 1 2 3 s; 52

1 0.70 0.71 0.70 0.01 0.000 1 1.01 1.00 1.06 0.04 0.001 6
2 0.65 0. 60 0.63 0.03 0. 000 9 0.97 0. 89 0. 89 0.05 0.002 5
3 0.67 0. 65 0. 65 0.02 0. 000 4 0.97 0.93 0.97 0.03 0. 000 9
4 0.70 0.78 0.77 0.05 0.002 5 1.03 1.12 1.12 0.06 0.003 6
5 0.65 0.62 0. 69 0.04 0.001 6 0.95 0.92 1.02 0.05 0.002 5
C 0.454 5 0.324 3

TE: € (0.05,2,5) = 0.6838, S, Wi, FHfi,

x 8 WEEKH Fe RNLRMRAEYIEN 30 N ARREEEE %o
Table 8 Long-term stability results for Fe isotope of
CAGS-MAG over 30 months

6 briEY) AR AR S S AN S JEE

H Sar 56 10 57 1 =3
SO —— DM 35 5 O RO A0 B0 R 9 (8 ()
2017. 11 0 0.64 1.02 X
2018.05 6 0.70 0.95 VERBRER T RFIEE,, X=2 X./m,
2019. 03 14 0.66 0.99 A | =1
oto. 11 " oo L os AR IS0 Guide35:2017 Al GB/T 15000 %
2020. 05 30 0. 64 1.04 G| DU e ) AN 2 B R AR S 78 X6F CAGS-MAG A
F 9 HWHH Fe BARITEYMRABEBRIBER
Table 9 Results of stability tests for Fe isotope of CAGS-MAG
Fe [Alfi & b, by 52 s s(by) i/ H 1995, 3 Uy to.05,3 * s(by)
S Fepumonw  -0.0010  0.6709  0.0011  0.0329  0.0013 30 3.18 0.0398  0.0042
8 Femons 0.00 17 0.983 0 0.002 1 0.045 4 0.001 8 30 3.18 0.055 0 0.005 8
Wi E AT o0 b, E 8% e HE BT AR AH &
FEAME g, RIS PRSI AR E Bt w7 2518

I:él 1<F<Fo((vl ’ V2>]Ejz uhh’[ %,I F<1<Fa(yl ’ VZ)]
FHI AN £200E 1k 51 A B9 AS B E BE o & w,,, e
(hdr S/\/_ (QI/UI_QZ/UZ)/n ’
Q,/v, * n 2/vy , u =s(b,) t, BEERE Fe [F{i
FARED I AN 2 B R T G T A wep =
uhb2 (ub])’z )+ulzts+u3har o
SATE BE Uy WY AT E B, A& P+
k=2, Udpy=hkucpy o FHAEEFUNE BTN 10,
% 10 WK Fe B RMRAYRNFHEEFMNEEE

Table 10 Property value and uncertainty for Fe isotope

2
Uy, Uy,

of CAGS-MAG
Fe [F]{ii ?/ %o Win(y,’) g Uchar Ucrm Ucgm
8 Fepumors  0.68  0.018 0.040 0.022 0.049 0.10
8 Fepyors  0.99  0.014  0.055 0.031 0.063 0.13

WERRAT™ Fe [A]A 28 AR HEY) BT /™ 44 4% 1SO Guide
35 :2017 F1 GB/T15000 % 515 W (%) #2247 Ao
BN R 7 22 0 M B 4 SRUE B g A1 b R Ay
B 45 B LR e PR A oK, FRAR(E R 3 T
Hi SR Bg b SRS T R 2 () R E
Blez e AR K rp ERR2= B M oo ER AL 22 00F 58 T A
KBRS 5 L B YMEEEIE . B Fe [AlN7
FHREDI TR SN BEN . 8 Fe .o (%e0) =
0.68+0. 10,8 Fe o (%) = 0. 99+0. 13, ZARME
Yo Al T RERRAT AR SRR A Al Fe Ak 224k
s&%é@tﬂ?ﬁ‘%ﬂ%ﬂi XT Fe [al3; 28 43 A & A~ ik B 1 o
AT IS T T T SE e A (R A B X
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i Bl P BT K (b)) B9 AT A A%
FokTHt @ AL FEAHAFHERKRFH TEHINFR
R B A M IR AL AT R BT TR S AT R R
Fode T E B IRAFR VAR K E K F 6 T VORH A% Ao
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