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4 mol/L ERRVSAEAE G o A BIECHI AL 1 mL 0.1.,0.2, Ak 10% $h[R, ¥ B4 1000 wg/mL, B & 4 )i

0.40.60.8.1.0,2.0,4.0,6.0.8.0,10.0 pg/mL [ AVRTR 22 T B 4l 2% TE R A i, 30 7 B & 100

IRMM -016 ¥, DA% bR, RERMI P B AiAb 23R pe/L) I SO0 AE 1 o

2 MR R Tian 250 fHliA ARIC W e 1R HL R A E ) i BHVO - 1,
5 P - R UR TR R (0 2 M R T 5 SC e X 9528 BHVO -2 JB -2 BCR -2 ,AGV -1 ,AGV -2 [l

FARE I CAGS — Li (ALt M BF T M Bl 45 AL P4URULER 1 H AR I A 3R 2 IR O 1

ft) GSBG62001 - 90 Mot ZHMbRMER BN IR W, 54" & Tian 257 BoHiA,

21 BHVO-1.BHVO -2 .JB-2.BCR -2.AGV — 1 Fl AGV -2 bt REib L2205 5 2 {1
Table 1 Reference values of components in standard sample BHVO-1, BHVO-2, JB-2, BCR-2, AGV-1 and AGV-2

— . : (%) . i ( gg/g)
i0, Al, 04 CaO MgO Na, O K,0 TFe, O P, 05 TiO, Li
BHVO -1 49.94 13.80 11.40 7.23 2.26 0.52 12.23 0.27 2.71 4.60
BHVO -2 49.90 13.50 11.40 7.23 2.22 0.52 12.30 0.27 2.73 5.00
JB-2 53.25 14. 64 9.82 4.62 2.04 0.42 14.25 0.10 1.19 7.78
BCR -2 54.10 13.50 7.12 3.59 3.16 1.79 13.80 0.35 2.26 9.00
AGV -1 58.84 17.15 4.94 1.53 4.26 2.92 6.77 0.50 1.05 12.00
AGV -2 59.30 16.91 5.20 1.79 4.19 2.88 6.69 0.48 1.05 11.00

4 :BHVO -1 ,BHVO -2 BCR -2 AGV -1 Al AGV -2 S5k B T 35 [ Hb ST 25 J5) 43 A1 iiE A5 (hitp : // crustal. usgs. gov/ geochemical _reference_
standards/powdered_RM. html) ;JB -2 Z#{E% H T Imai et al. (1995) [s2]
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2 Li a3 s
Table 2 Protocols of ion-exchange chromatographic conditions for Li
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Fig. 1 Analytical results of Li isotopic ratios of CAGS-Li

standard solution
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3 ARG EBAbARE R PRI 3 A I &35 -5 SOk & R Bl L
Table 3 Comparison of Li isotopic ratio in IMR-CAGS over a three-year period and reported values in literatures
A Li ik (107°%) .
T RS OB e oLi(%) Wik Sk
=i - (28D)
MR
5.60 £0.55(n =5) MC ~ ICP ~MS Schuessler et al. (2009) 1!
4.68£0.16(n=2) MC - 1CP ~ MS Rosner et al. (2007)
43+1.0(n=1) MC - ICP ~MS Rudnick et al. (2004)
oy 5.31£0.18(n=1) MC -ICP - MS Magna et al. (2004) (%]
BHVO -1 USGS %& 4.6 5.0£1.5(n=8) MC - ICP - MS Bouman et al. (2004) 153
( ) 5.2£0.5(n=7) TIMS - R Chan and Frey(2(1)3):35]
51£11(n=2) MC -1CP -MS Pistiner and Henderson(2003 ) [**!
5.8x1.8(n=3) TIMS - AL James and Palmer(2000) -/
4.0~5.8(n=15) N FH GeoReM® (georem. mpch-mainz. gwdg. de/)
4.7+0.2(n =26) MC —ICP = MS Pogge von Strandmann et al. (2011) (551
4.8+0.2(n=15) MC —ICP - MS Marschall et al. (2007) (¢
4.43+0.41(n=2) MC - ICP - MS Magna et al. (2006) %)
BHVO -2 USGS Lk 50 4.7+0.2(n=2) MC -ICP - MS Kasemann et al. (2005) %°)
159 4.66 +0.2(2SE ,n =8) MC - ICP - MS Jeffcoate et al. (2004) %!
4.55 £0.29(n =9) MC - ICP - MS Magna el al. (2004) )
4.5:1.0(n=7) MC - ICP - MS Zack et al, (2003) (17
4.46 ~5.5(n =36) - FH GeoReM®( georem. mpch-mainz. gwdg. de/)
BHVO -2 USGS é;;%) 5.0 4.7+1.0(n=53) MC -ICP - MS RS
4.90.3(n=24) MC -ICP -MS Pogge von Strandmann et al. (2011) (]
5.0£0.3(n=14) MC - ICP - MS Marschall et al. (2007) %"
4.31 £0.69(n =2) MC - ICP - MS Rosner et al. (2007) (%)
4.79 £0.29(n =4) MC - ICP - MS Magna et al. (2006) 5"
527 (n=7) MC - ICP - MS Seitz et al. (2004)
4.70 £0.29(n =10) MC -ICP - MS Magna et al. (2004) %
4.3+0.3(n=8) MC -ICP - MS Jeffeoate et al. (2004) 28]
§ it 4.0%1.0(n=1) MC - ICP - MS Rudnick et al. (2004)
JB-2 GSJ ' 7.8
(HA) 3.9+0.4(n=1) MC -ICP -MS Pistiner and Henderson(2003) */
4.7+1.0(n=?) MC - ICP - MS Zack et al. (2003) 17
5.1+0.4(n=7) TIMS - R Chan and Frey(2003) 3%
4.29 +0.34(n =5) MC - ICP - MS Nishio and Nakai(2002) 2"?
5.1£0.4(n=17) TIMS - RfiR4E Chan et al. (2002) 1)
6.8+0.3(n=3) TIMS - BifRE James and Palmer(2000) >/
5.121.1(n=4,13data) MC -ICP - MS Tomascak et al. (1999) (]
4.9+0.7(n=5) TIMS - R4 Moriguti and Nakamura(1998) %!
JB-2 GSJ K 7.8 4.9£1.0(n=20) MC -ICP - MS ALt
(A7)
2.0+0.7(n=10) MC -ICP - MS Teng et al. (2006) [©!
o 2.3820.52(n =2 MC -ICP - MS Magna et al. (2004) 2%
BCR -1 US6S ZRH 12.922.0 2.7+1.0( (n =3)) MC - ICP - MS Rudiick ol 31.<(2m:) (20
2.0~3.0(n=8) - KB GeoReM*( georem. mpch-mainz. gwdg. de/)
2.6£0.3(n=17) MC - ICP - MS Pogge von Strandmann et al. (2011)
BCR -2 USGS S 0.0+2.0 2.87+0.39(n =2) MC - ICP - MS Rosner et al. (2907)[”1
4.4+0.3(n=7) - K GeoReM “F-35(H
2.6~7.1(n=11) - K H GeoReM*(georem. mpch-mainz. gwdg. de/)
5.0+0.8(n=7) MC -ICP -MS le Roux et al. (2010) %!
4.1£1.6(n=7) SIMS le Roux et al. (2010) %’
. 4.0+0.6(n=7) TIMS - R le Roux et al. (2010) %’
BCR -2G USGS i‘;fiﬁ 9.0£2.0 4.0820.1(n=7) MC -ICP - MS Kasemann et al. (2005) 2]
# 4.0+0.8(n=7) SIMS le Roux et al. (2010) %’
4.5+0.6(n=7) - F [ GeoReM -yt
4.0~5.0(n=17) - K H GeoReM*( georem. mpch-mainz. gwdg. de/)




1 XL, A5 o FH R I A7 28 i b o 400 5 ) 22 B I P B A S5 S TR B A Mo ¥4 45
(84 3)
BCR -2 USGS L 9.0+2.0 4.4+0.8(n=8) MC -ICP - MS AR
4.93:1.0(n="7) MC - ICP - MS T KSR Tian et al. (2012) 150
AGV -1 USGS Bl 12.0 6.74+0.2(n=1) MC - ICP - MS Magna et al. (2004) (%)
4.6 ~6.74(n=2) - FH GeoReM(georem. mpch — mainz. gwdg. de/)
5.68 £1.04(n=10) MC - ICP - MS ARSCHRE | Tian et al. (2012) P
AGV -2 USGS Cliva 11.0 8.14 +0.66(n =2) MC -ICP - MS Magna et al. (2006) 7]
7.94 £0.64(n =6) MC -1CP -MS Magna et al. (2004) %%
AGV -2 USGS Gl 11.0 6.1+0.4(n=14) MC -ICP - MS A
.7£0.5(n =4 MC -ICP - M S, SR e
NKT -1 _ B B 8.7%0.5(n=4) C ~ICP -MS ¢*ﬁg,ﬁﬁ§@5§<mll>
9.8+0.2(n =3) MC - ICP - MS ARz
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Fig. 2 Analytical results of Li isotopic ratios of BHVO-2, JB-2, BCR-2 in the long-term measurement



%1 #

W
http; // www. ykes. ac. cn

iy

i 2015 4

BHVO -2 BCR -2 ,AGV -2 43 5| J&# BHVO
-1.BCR -1, AGV - | HESHEL M, /5 & &
[F]—4 5, HUR A3 e G AN ], HAR A7 i3 B A A TR
(R 1), [ 3R 4 A 15 22 10 [l P L B A AR ] (3%
3) o TE3 M A rtE BHVO -2 JB -2 F1 BCR -
2 RS R ST 2 & BHVO -2,

X FRR AR BHVO - 2, A 5256 2 U 5E 1Y
& LifH % B, HE 3. T%0 ~ 5. T%oZ A1 ZE4L (I 2)
[ /b5 50 % U & 2R 1 BHVO — 1 %4l 22 St o,
GeoReM® B 4 % 4t i1 B4 6 Ligyyo_, 76 4. 0%0 ~
5. 8% [A)AK (35 3) , FEMAAS S 56 3 B4 i 53
AN - B 5 R RBARARRF (R 3) o AL
FAEHTOREEE 1(28SD) ik 3 Ak 2 o (4
AR 7B F MC — ICP - MS JUf1:X) 119 53 4> BHVO ~
2 HF i B B R A 2R 2 RS DU RS BE (2SD)
8 Ligino a1 _svec =4 7%0 1. 0%0(n =53) , 1£ 2011
E8 129 HA2013 45 J] 6 Horiliety 1 it
(AL 10 4~) BHVO — 2 # iy (19 8 [6] 57 R 43 B (1]
2), # WA 2 A RS WS BE (2SD) g3 il
8 Ligivo ot _svic = 4.6%0 + 0.5%0 (n = 10) F
8 Ligivo 21 svec = 5. 0%0 + 0. 6% (n =10) , A it H
BIVATRHERE MC = ICP — MS U 5E (19 88 [m]45 25 20 ks

+7.0

FERT LA E] K2 0. 5%o, K 11 (14 53 B 4G 1 B 41 B
BT AR 1%0, B R BCR -2 ()8 LifE 4k
Pardge b, SR B 22 e K, 7E 2. 0%0 ~ 7. 1%0 2 [H]
ARk (3 3) . AR SZHK % 52 BCR -2 19 87 Li i £
3.8%0 ~ 5. 0%0 2 8] 254k, E-YMH 4. 4%0, 55 le Roux
25(2010) I (987 LifE Fll GeoReM %54 4 45 - 5 4
(3594 —3 . BCR -2 &' Lif 75 B LR =
P2 X, PR, FESE R S I FH T JB -2
PEAT M S H SERE S A W, JB - 2 48 BHVO -2 B %)
Ve, HLAR )07 K45 SR 4 BHVO -2 fl BCR -2
BRI R A A S B0 Y Bk X A R TR
LA

ZIAERFE AGY -2 B & R IEIERAR D, i
L4 i R o A ) B S BR A BR (1 ~ 6 SR
G5) ARSI A R R B 6 Li oy, THAE 5. T%0 ~
6. 5% A1 254k (Bl 3) , P-4 {H 6. 1%0, I 30KG &
(2SD) 1 0. 4%0(n =14 ) , 345 19 22 B2 53 A Bl o
Z MRS = (£ 3) o X F & A AR FE NKT -
1, BT A ARSI % & 3R T8, t T2 m)
B 2 4F Ak A B AR ST TR BN SO TR
LIRS A ) 5 R 2 15 A0S Ly - BTG 2 B2 ME o
7, AT EAT TR R 2 A R (R 3) o

[}
o Qo Y 25 +10.5 NKT-1 -
(3] s d = - o !
S 465 = © % = - =g o = I~ -
< = ,5= A& z Zo LS “ p =z
= > S oo T K5/ = = - > 1N
= 460 BT qa a &8 e \& 3 +10.0 2 3
. . 0 0 < v =
o ® 22 h i o (:/0—/”
=S o = )
+5.5 1 1 1 1 1 1S ¢ 9 1 Lo @ ) @ +95 1 1 !
N UL LU LLLNLLNN N LN N )
—_ W
+1.0 r L-SVEC .
L. " o A Ak L-SVEC
. o ~ b s < © 3 w plEE
o R T < = 1l FE L-SVEC
6= 2 5 2 2%, 22 o 22 =
= IS~ S S =z = - g =T «w = = 2 N
S\ = = § & 8§ & ¥ = § § = = Z g pal
S 402 F S S :/Si/\:/ﬁa_:\f/\ =
S . Q o o Q Q o
?\\: 1 L 1L L 1 1 1 » 1 1 0 1 1 1 1 1 i 1 1 1 1 1 1 1
3 »w L LN L L L L L rR L B L L v »n\»n »n »v v v wv » »v »n
IS 2F = B O E OGS Q% 0= === e = = O\E & & 9 & © =
2 V. S = N W kB 3 3 * * * * * * * O
- ~ -\./\./
aQ N I = =
-0.6 S s o 2 . 2 g
fad] 2 o “ = e+
> I=} > o™ < o < - =
- a a S z £ =z & &
1.0 L Q Sl § Q
LRy
+10 [ [RMM-016 o RidH: IRMM-016
r
* i34 IRMM-016 ° o
+0.6 [ = T “ © " 2 - o @
. S @ o v o] * = w o X
A ) — o o ] = o i<}
q £z § e zzaoecez g vz Nggngz o
X 402 [ s ° = o a3 © X Q ;__:l/
3/ 1 i/‘l\ 1 1 1 1 1 X\T/?\ ('l", Jlk (IJ] ?\\Il A }O? 1 1 ¥ A 1 P 1
2] I A\A A VA% 2] 2 2] A »v o »n
- 02}~ RS L g/eve P =35 LN L B2
“ . S 3] S\* ¥ o ® * *  * O
~ > © N A @ *
N n v = % & &
06 F = “@ e « i B B S = = g o
-0. P o2z ¢ oo S A S s = 8 8 o =
PN > © a S} Z A A o A VIS = 8
— IS Qe =] = o h i I
o S = Q S K Q < =
-0 L @« a > o
A o

El3  [EBsbsiEE AGV =2 NKT — 1. L — SVEC . IRMM — 016 [{yRIRI{ 2540 5 K I &5 51
Fig. 3 Analytical results of Li isotopic ratios of AGV-2, NKT-1, L-SVEC, IRMM-016 in the long-term measurement
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Study on Measurements of Lithium Isotopic Compositions for Common
Standard Reference Materials Using Multi-Collector Inductively Coupled
Plasma-Mass Spectrometry

ZHAO Yue', HOU Ke-jun', TIAN Shi-hong', YANG Dan', SU Ai-na’
(1. Key Laboratory of Metallogeny and Mineral Assessment, Ministry of Land and Resources, Institute of Mineral
Resources, Chinese Academy of Geological Sciences, Beijing 100037, China;

2. Institute of Hydrogeology and Environmental Geology, Chinese Academy of Geological Sciences,
Shijiazhuang 050803, China)

Abstract; Non-traditional lithium isotope is a frontier in isotope geochemistry and has been applied to the studies of
Solid Earth Sciences, such as the lithosphere and fluids from the Earth’ s surface to the mantle. Lithium isotopic
compositions of 7 standard reference materials BHVO-2, JB-2, BCR-2, AGV-2, NKT-1, L-SVEC and IRMM-016
are reported in this paper. The rock standards were digested with HNO,-HF mixed acids. Cation exchange resin
AG50W-X8 was used for the separation of Li from other elements. Li isotope ratios were determined by Multi-
Collector-Inductively Coupled Plasma-Mass Spectrometry ( MC-ICP-MS ), and isotopic mass fractionation was
calibrated by standard-sample bracketing. The Li isotopic compositions and the analytical uncertainties ( reported in
2SD) of analyzed standard reference materials were: 'Liguvoorsvie =4 7%0 = 1.0%0 (n =53), "Lijgoysvec =
4.9%0+1.0%0 (n=20), "Ligporsveec =4 4%0 £0. 8% (n =8), "Licyossvece 6. 1%0 £0. 4%0 (n =14),
"Linerrrsvic =9.8%0 £0.2%0 (n=3), "Lij spersvic = —0.3%0 £0.3%0 (n=10), "Liguwowrsvec =0. 0%o +
0.5%c (n =10). The results were in good agreement with published data within analytical uncertainties. The
accuracy of this method is about + 0. 5% and the long-term external precision (2SD) of replicate analyses
including the entire pretreatment procedure is less than +1.0%o, and is similar to the state of the art method. The
reported data of 7 standard reference materials provided a new standard framework for Li isotope research, and
enabled the evaluation of the quality of data retrieved from geological samples. The influence of sample size was
also assessed by loading different amounts of separated IRMM-016 solutions. The results show that when the lithium
concentration has reached 100 pg/L, the measured lithium isotopic compositions are in coincidence with the
accepted value within uncertainty, and the sample size does not affect the accuracy of measurements.

Key words; lithium isotopes; standard reference materials; sample size ; matrix effects; Multi-collector Inductively

Coupled Plasma-Mass Spectrometry ( MC-ICP-MS)





