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Table 1 Detail information of reference materials and vanadium isotope reference solutions.

OV HEREE

B T e B 2 A F A (%)
AA AR Alfa Aesar /A /] 0.00
USTC-V AR rp G 6 48 BT AR AT —0.07+0.08
BDH LA BDH /A ] ~1.24+0.08
NIST-3165 AR 1 [ FARUE 5 H AR BE (NIST) 0.7+0.08
GSP-2 AEHIN 5 [ [ G b T P 45 S5 (USGS) ~0.62
BIR-1 E3w e 5 [ [ G b T P 45 S5 (USGS) ~0.92
GBW07454 +4 v ] SR B sk Py B R fb A AR Y BT (IGGE) -0.74
JA-1 LA H A 5T 845 5 (GST) /
IB-3 E3w e H A< #5845 )5 (GST) /
JB-1b E3w e H A< #5845 )5 (GST) /
GBW07105 E3w e o [ b TR B bRy B Bk A 2 B A B9 T (IGGE) /
JGb-1 HERE H A< #5845 )5 (GST) /
GBW07123 M P [ R e Bk B R AL A AR I 55 BT (IGGE) /

VE: USTC-V 2 P GSB(EI S SEHIbRUERE i) BATC R AU LA HOR & 3 S & TR, A% 0™V IR IE T Prytulak 45 (2011) 127

Wu % (2016) L' FI Zeng 25 (2024) (4,

Note: USTC-V is made by mixing two bottles of GSB (National Physical Standard Sample) single element pure vanadium solution evenly, and the
recommended values for 6°'V in the table are sourced from Prytual et al (2011) (2] " Wuetal (2016) (151 and Zeng et al (2024) (4]

WS A bR T R TR T H RO R I 1 U i,
SBR[ oR PRV R S A 0 1

CORE A it AR A A o B B 35 5, 43 ) 7
RIVUG LM (PFA) MRF FITE AR 5 A B B L A0
i, RIEH A S 6 ~ 10pg B, JFINA 3mL SRR
(24mol/L) A1 ImL ¥R fi§ 2 (15.4mol/L), PFA #FF &
T 140°C s AN 3 ~ 4 K, SRR A MR B,
56 105°C Fh#A 2 ~ 3h, SRS FHELE 195°C #A 3 K.
TR A R EREZ TS T, BT
120C AR Bz T EZETRMAER P IA
1.5mL %R R (10.8mol/L) Al 0.5mL #B4LK, 375 5
TFJEET 120°C A BNtk 12h [FZE T, B4,
BB, TN, A% 2 15mL ) PFA
M, 76 120°C IR 1781 FrkEabZE 15,
A 4mL F/K BmL ¥EFR-1mL HASIR), 375 55 Tl
BEAE 120°C B Bt 12h, Z 5K RE S ZE T
SRIGAEZE T HORE S R 2mL AR A 1mL B 4l
K, CETE 120°C R Mgy 12h, e LIS
JETCE T 120°C F#R 751, S5 1mol/L iR
TE AR, T B T A8 B A E AT b 2 o B Al AR Y
A

()24l fbraifl R Wu 45 (2016) 15
H 8 DU FH 25— A2 A A 0 9 285 - S 4 i 45 11

oy & ik, B E oy Bm e s 1. O —.

55 AEMER 2mL ) AG50W-X12(200 ~ 400 H) FHES
TR, FE A B R 2l Ak 2 FT R F Ak R

6mol/L ERFRIE VER IR, JFH 6mL 1mol/L i BR-F- i i
Bg Z J5 B AT JF 46 B RE, AR 1mol/L fi§ i -
0.1mol/L S AR IR A V5 W 22 BRAE i h O ERFN 45, Bifl
JA A 19mL 1.2mol/L f R, kP FT A BT R I
FH PFA B4 T A AR F U4 @55 = A 1.4mL Y
AG1-X8(200 ~ 400 H) BB ¥ 2 # 4 g, 5 AR
WG 4liAk 2 i 6mol/L Eh% . 1mol/L fil§fik L) KR
AR BER IR, 3 F 6mL 0.0 1mol/L £ RS-
Jig Z )5 RO AT FF 4 b RE, AR 2 A AR S A
33uL 19 30% 1 AAL S KRG R BAE I AR T,
B 5 5 A 0.01mol/L #R-1% i3 F b &R & I
W 15mL, Pk R K BT R (W0 K. Na, Mg
A Cr 45) I HAF B I 465 [ 7 B B8 28 4
RIS T, Z 5 FhA 17mL 19 1mol/L Eh R 3mL
() 6mol/L Fh 2, W 75 B 2 138 e vt Aig 3% 1T 7y 1
SEAWRE Tk, B PFA B BT AR IR ; 5 DUAEfifi
F0.1mL 1 AG1-X8(200 ~ 400 H) BAES T34t i,
AU =20, (HJR /D TR AR, B 025X R
di PR R D B S BT R T R alifh . AR
BrET— K, Bl 3 4l J5 O RE A A % T 2% AR,
DL AR . TR 2 o <1.0ng, H4tifk
R PLE R (6 ~ 10pg) A LT LLZMSE AT 25—
B AR PR RIS, A HEE ImL R, T
EHAPE R, ARG R, PICR=[1-(1%
B 4mL %5 W 8L 3 /40 19 S PR R £ )]x100%
AHFSE A AL DR >99%
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iR =s R fint s
Imol/L fil§ iR 30% i AL A +0.01mol/L FhiiR 30% 3 AL A +0.01mol/L £k
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Fig. 1 Chemical purification process of vanadium isotope
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Z 5531 BRI 1) T4, 7 B KT 5500,

F£2  MC-ICP-MS (XAl s R ImI 20 2 TAES A

Table2 Operating conditions for vanadium isotopic
determination of MC-ICP-MS instrument.
TAESH SIS A
SRR 1160 ~ 1200W
BN ~ 16L/min
A BhA AR ~ 0.8L/min
FE A 0.85L/min
RERE SV 3 200V/(ug/g)
HE X I FIER Jet B fh4
JERERE Aridus 3
HERE 50pL/min
PR HharFERR (>5500)
- L4L2L1 CH2 H3
/f*igﬁ*ﬂ: 48Ti 49Ti SOV SIV 52Cr 53Cr
FLRH 10"Q10"Q 10"Q 100 10"'Q 10" Q

VAV (BRI IE 400, A T ARIEE BERRAR AV FE
WA R A AR AR 8 S S S, FF BAARIE T S
MV ORI R, 10"°Q BORE Y,
10" Q LR A OV [ B R A I [ o S 4 2 0T
FPOCr X0V T3, LAY TR R 107 Q ik &R
SFETI, ®Ti, 2Cr FPCr FEAT WA, °'V Y R B AT ik
@J ~ 150V/(ng/g), Mk E—fi% A 800ng/g, 'V 155
KE] ~ 0.4V, B LT ERG BE 0T
PRI o7 28003 3 A o, U P A 1 A S A
WK SSB HSRAE, (RN MF A USTC-V,
TR BT, A5 2/ DT B T =R E L i, HLEN R
L S0 2 5 SR P = M ) S X R TR A o o 22
(2SD) F/n . BRUILZAb, BRI G 4 ASHE G S0 —
ANSEG A AR DA RAS o F T W 9 52 56 %
WARALHE NIST-3165 #l BDH, 7E{#i Fi] SSB 4% iF
INE 5T et I A S I SR A i A i
5 I3V T e B A A T e A, PR A i RN A =2 ()
(AR B 22 S 2 P BB R BORIR), AT 2 BRI 37 28
M 25 T IR 25 o 5006 2 B, B S RN AR AR 1 ViR
FUAELAE 0.8 ~ 1.2 22 B A £ 5% 0 4 &35 S 7= A= i
EFE SR e AR e, SR ORE AR o, 7 R A
IR ) T VAR 8 25 (R AE 10% JEREIN L2
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(n=18, 2SD), 5 A 52 45 2 4 WA It 45 SR A7 15 25 Vi 1]
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()P [RA07 2 208 5 i N SR 28 19 B3 15 25 3 [l
P DRARE— 3, 100 B S U0 52 30 R 37 A 10 080
CIET

AR YR S S, 1ok A I R ] A R R R
Ty 5 FIURS 0 2, /60 48 o 2 300 A ] 1 3 VR o 3
i MR TR (R AR SR AR T 2l b 5 BV (R 4)0 ARIRSE
Bt R AR RE S AR A AR 3 ~ 4 1, BRI FE AN
Irfbsaifh. 25038, IrAtrifEY) i 2 > EE A
(OB [ 07 28 41 AR FE 15 22 Y Bl N AR — 58, 0°'V 1Y
WK BE 2800 T 0.08%0 (2SD). LA b 45 SARGIE T
AU S B IR) 7 2 (PR e R 1
2.2 FRUEVIBRRIFIRIA 3R R

AR SCIN ) M S AR HE Y TR SiO, 1 1 AR fk

3 HuEhRHERI B IR B BRI AR
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Fig.2 Long-term precision of in-house standard solutions for
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—1.05%0%0.08%0(JGb-1) 24t 22 ~0.34%0+0.06%0(JA-1) »
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Table 3 Vanadium isotopic composition of geological reference materials from different laboratories and our date.

T s Ve DY ‘
FRIEY) BT FE 2 2SD n SCHRA TR
(ng/g) (%o0)
-0.91 0.03 3 ASCRFSY
-0.94 0.15 52 Prytulak %8 (2011) [1?]
-0.92 0.09 52 Wu % (2016) - 1*-
BIR-1 XA 310 ~1.05 0.22 7 Sossi 4 (2018) 12
-0.96 0.03 3 Wu % (2018) 1?7
-0.89 0.23 3 Hopkins % (2019) 122!
~1.01 0.08 3 Qi % (2022)
-0.60 0.02 3 ARICH5E
GSP-2 AR I 52 ~0.63 0.1 6 Prytulak %5 (2011) 12
-0.62 0.07 26 Wu % (2016) '
GBWO07454 et 7 -0.78 0.06 12 ARICH5E
~0.74 0.08 12 Zeng % (2024) 1

— 67 —

isotope
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Table 4 Determined values of vanadium isotopic composition of seven geological reference materials.
V & OV A 2SD OV EE SREE R 28D
FfER) B > MR
S s (ng/e) (%o) (%0, n=3) (%o) (%0)
-0.81% 0.06
CBWO4SA #t . -0.74° 0.04 -0.78 0.06 (n=12)
(loess) —0.78" 0.01 (-0.74") (0.08")
-0.80° 0.04
—-0.75% 0.07
-0.71* 0.02
W
GBWO07123 X 268 -0.70° 0.01 -0.72 0.06 (n=15)
(diabase)
—0.69" 0.07
—0.74° 0.02
-L11° 0.03
M a
JGb-1 635 —1.03 0.04 -1.05 0.08 (n=9)
(gabrro)
-1.03* 0.03
—0.83" 0.05
LR —0.82° 0.04
GBWO07105 167 —0.80 0.06 (n=12)
(basalt) -0.78" 0.05
-0.77* 0.04
—-0.79* 0.10
JB-1b 214 —0.74 0.04 -0.79 0.08 (n=9)
(basalt)
—0.83" 0.08
-0.83° 0.06
KRA a
JB-3 372 ~0.84 0.04 -0.81 0.09 (n=9)
(basalt)
-0.76" 0.07
—-0.35% 0.03
LA -0.37° 0.02
JA-1 . 105 -0.34 0.06 (n=12)
(andesite) -0.33" 0.03
-0.30° 0.05

T a AU R RE Al Ry R SR A T Al S A 15 B R K dE 5 b AUSRAR ) 9 ¥ R A KA B A B s AR AU B B 3R Zeng 46

(2024 R 0OV B

Note: a. Data obtained from chemical purification of the same sample powder separately; b. Data obtained from repeated testing of the same solution;

n. Single measurement frequency; *. The data values of §°'V reported by Zeng et al. (2024

25 Hb TR R A T LA 2R A e 5 R L 4 AL 3,
BRI, 28 AR A8 A 91 LG R 512 56 2 0 e s
(0.08%o)
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reference materials. The vanadium isotope composition is positively correlated with SiO, content, but not significantly

correlated with other elements.
Vanadium Isotope Composition of Rock Reference Materials by MC-ICP-MS

XU Liyi', YU Huimin'?*, DING Xin', HUANG Fang"*"
(1. State Key Laboratory of Lithospheric and Environmental Coevolution, School of Earth and Space Science,
University of Science and Technology of China, Hefei 230026, China;
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HIGHLIGHTS
(1) The vanadium isotopes of seven reference materials were analyzed using MC-ICP-MS with high-precision and

accuracy.
(2) The igneous rock vanadium isotope reference material with the lowest 6°'V value at present was reported.

(3) The range of vanadium isotopic composition of igneous rock standards was broadened, and the data of vanadium

isotope standard materials was supplemented.
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ABSTRACT: In order to ensure the accuracy and precision of data during the analysis of vanadium isotopes, and
facilitate the comparison of data among laboratories internationally, considering the shortage of inventory for the
commonly used reference materials from the United States Geological Survey (USGS), seven reference materials
(JA-1, JB-3, JB-1b, JGb-1, GBWO07105, GBW07123, and GBWO07454) with unreported vanadium isotope
composition were selected from the Geological Survey of Japan (GSJ) and the Institute of Geophysical and
Geochemical Exploration, Chinese Academy of Geological Sciences (IGGE) and their vanadium isotopes were
measured using MC-ICP-MS. Among these reference materials, the gabbro reference material JGb-1 has the highest
5°'V value of —1.05%0+0.08%o, and the andesite reference material JA-1 has the lowest 5°'V (—0.34%0+0.06%o). The
0°'V values of the other reference materials range from —0.72%o to —0.81%o, all falling within the MORB range. The
reporting of the vanadium isotopic composition of these reference materials in this article will enrich the database of
vanadium isotopic research and contribute to the future study of vanadium isotopes in more fields. The BRIEF
REPORT is available for this paper at http://www.ykes.ac.cn/en/article/doi/10.15898/j.ykes.202405280123.

KEY WORDS: vanadium isotope; igneous rock; MC-ICP-MS; reference materials; high precision analysis method

BRIEF REPORT

Significance: With the development of analytical methods and the improvement of analytical accuracy, vanadium
isotopes have been increasingly used in the study of various geological processes. In the analysis process of
vanadium isotopes, using reference materials similar to the sample matrix can reduce experimental bias, which is
conducive to obtaining more accurate and precise vanadium isotope data. Previous studies have reported the
vanadium isotopic composition of some common rock reference materials provided by the United States Geological
Survey (USGS), with §°'V values ranging from —1.65%o to —0.61 %o''>"*****|. However, many USGS reference
materials with reported vanadium isotopic composition are facing issues such as insufficient inventory (some are
already sold out). In order to provide continuous support for research in related fields with high-precision vanadium
isotope data, there is an urgency to calibrate the vanadium isotopes of more new geological reference materials, so
as to better monitor the precise measurement of vanadium isotopes and enable data comparison between laboratories
internationally. A series of international and national geological reference materials with unreported vanadium
isotope composition have been selected from the Geological Survey of Japan (GSJ) and the Institute of Geophysical
and Geochemical Exploration, Chinese Academy of Geological Sciences (IGGE) for measuring vanadium isotopic
composition. Their composition are widely distributed, with vanadium content ranging from 77pg/g to 635ug/g,
Si0, from 43.44% to 64.43%, and TiO, from 0.64% to 2.94%, which cover the components of most natural samples.
The vanadium isotopic composition of these reference materials is intended to supplement the reference materials
database of vanadium isotope research and also to provide more options for the comparison of vanadium isotope
data between different laboratories.

Methods: The detailed information of the reference materials (GSP-2, BIR-1, GBW07454, JA-1, IJB-3, JB-1b,
GBW07105, JGb-1, and GBW07123) and isotope standard solutions (AA, USTC-V, BDH, and NIST-3165) used in
the experiment is shown in Table 1. The samples are rock or soil standard materials. The rock standard materials
were digested using the acid dissolution method on an electric heating plate at ordinary pressure, while the soil
standard materials were digested using the dissolution method with bomb. Chemical purification used the four-
column combined chemical separation method with AG50W-X12 cation exchange resin and AG1-X8 anion
exchange resin described by Wu et al (2016)!""). The vanadium isotopes were determined using a multi-collector
inductively coupled plasma mass spectrometer (MC-ICP-MS), and the main working conditions of the instrument
are shown in Table 2. The mass bias effect produced by the instrument during the test process was corrected using
the sample standard bracket method. Although the majority of matrix elements Ti and Cr were removed during the
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resin purification, trace amounts of Ti and Cr can also affect the measurement of *°V during mass spectrometry
analysis. Therefore, it is necessary to accurately correct the interference of residual *’Ti and *°Cr on *°V.
Experimental condition testing shows that the sample solution must meet the conditions of **Ti/*'V<0.00004 and
3Cr/'Vv<0.00004. At this point, the interference of *°Ti and *°Cr on *°V can be corrected, and the test data is
considered reliable!"”.

Three methods were used to monitor the precision and accuracy of vanadium isotope measurements, including

(1) internal laboratory standard monitoring; (2) monitoring of reference samples with recommended values;
(3) monitoring of replicate samples. The vanadium isotopic composition of the laboratory internal standard solutions
BDH and NIST-3165 during this test process is consistent with the long-term test results of this laboratory within
the error range (Fig.2). The vanadium isotopic composition of the petrologic reference materials BIR-1 and GSP-2 is
consistent with the data reported in previous literature within the error range. The vanadium isotopic composition of
all standard materials in multiple replicate samples is consistent within the error range, and the measurement
precision of §°'V is greater than 0.08%o (2SD). The above results ensure the precision and accuracy of the test.
Date and Results: The 6°'V value of the soil reference material GBW07454 is —0.78 %0=0.06 %o (2SD, n=12),
gabbro reference material JGb-1 is —1.05 %0+0.08 %o (2SD, »#=9), diabase reference material GBW07123 is
—0.72 %0£0.06 %0 (2SD, n=15), basalt reference material JB-3 is —0.81 %0%0.09 %o (2SD, n=9), basalt reference
material JB-1b is —0.79 %0+0.08 %0 (2SD, n=9), basalt reference material GBW07105 is —0.80 %0+0.06 %0 (2SD,
n=15), and andesite reference material JA-1 is —0.34%0+0.06%o (2SD, n=9) (see Table 4 and Fig.3).

The §°'V value of the gabbro reference material JGb-1 is currently the lowest in reported igneous rock samples,
lower than the average vanadium isotope composition of MORB (—0.84%0+0.10%o). Its lighter V vanadium isotope
composition may be influenced by high-temperature hydrothermal alteration, but the specific genesis requires
further research”®’. The vanadium isotopes of the diabase standard material and three basalt standard materials
GBWO07105, JB-3, and JB-1b are relatively homogeneous, all falling within the MORB range. The 6°'V value of the
andesite reference material JA-1 is the highest, indicating a significant enrichment of vanadium isotopes compared
to basalt, indicating the possible presence of vanadium isotope fractionation during magma evolution®***> The
0°'V value of the soil reference material GBW07454 is consistent with previous reports (—0.74 %0+0.08 %o) and is
close to the composition of MORB. It also indicates that continental weathering does not cause significant vanadium
isotope fractionation, which is consistent with previous research findings on the weathering product of basalt,

Zhanjiang laterite!"],
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