
VANADIUM ISOTOPE RATIOS IN METEORITES: A NEW TOOL TO INVESTIGATE PLANETARY 
AND NEBULAR PROCESSES.  S. G. Nielsen1, J. Prytulak1 and A. N. Halliday1, 1University of Oxford, Depart-
ment of Earth Science, Parks Road, OX1 3PR, Oxford, UK 

 
 
Introduction:  The behavior of the element vana-

dium (V) has long been studied intensively in Earth 
and planetary sciences. This is partially due to the four 
naturally occurring valence states (+2, +3, +4 and +5) 
that enable V to partake in a broad range of chemical 
reactions in diverse environments. Despite this interest 
in the element, V isotope ratios have thus far not been 
measured to a precision that could resolve any variati-
bility. The main reason is that V has only two isotopes, 
50V and 51V, with abundances of 0.25% and 99.75%, 
respectively. Such an extreme isotope ratio is difficult 
to measure precisely and accurately. 

In cosmochemistry V isotopes has two immediate 
applications. Firstly, as an indicator of planetary core 
formation processes [1-3]. In the Earth’s mantle, V is 
significantly depleted compared with chondritic mete-
orites [4] and it is assumed that this deficit is ac-
counted for by partitioning into the core [3]. Several 
studies have investigated under which conditions V 
partitions into the core [1-3, 5] and the most recent 
concluded that very reducing conditions at the onset of 
core formation were necessary in order to balance the 
V budget of the Earth [3]. However, several recent 
isotopic studies have questioned the validity of the 
assumption that Earth is chondritic [6, 7]. It is there-
fore necessary to investigate the V isotope variability 
in various solar system objects in order to determine 
the distribution of V isotopes between different plane-
tary reservoirs. 

Secondly, V isotopes may be used as a test of the 
so-called X-wind model [8]. This model accounts for a 
portion of the extinct radioactive nuclides present in 
the early solar system, especially 10Be [9], by radiation 
from the young sun. It was predicted by Gounelle et al. 
[10] that the production of 10Be in calcium aluminium 
rich inclusions (CAIs) should be accompanied by an 
excess in 50V of >3 permil. Hence, direct measure-
ments of V isotope ratios in CAIs could theoretically 
provide important information about the amount of 
radiation received by these the oldest objects in the 
solar system.  

   
Methods: Here, we present the first method that 

produces accurate and precise V isotope ratios using 
multi collector inductively coupled plasma mass spec-
trometry (MC-ICPMS). In order to avoid analytical 
artifacts during sample measurements it is necessary to 
separate V quantitatively from the sample matrix. We 
do this with five individual ion exchange chromatog-

raphy columns. The sequence of columns recover 
100% of the V processed and is particularly optimized 
to separate Ti and Cr, minimizing the isobaric interfer-
ences of 50Ti and 50Cr on 50V. Specifically, the method 
removes >99.9999% of the Ti and Cr originally con-
tained within the sample. This results in 50Ti and 50Cr 
corrections of <3permil on the 51V/50V ratio. 

All ion beams are collected in regular Faraday cups 
that have resistors of 1011 Ω except for the cup collect-
ing mass 51V, which is equipped with a 109 Ω resistor. 
This enables the measurement of ion beams up to ~10-8 
A and results in 50V ion beams up to ~2.5 × 10-11 A, 
which is well within the dynamic range with the nor-
mal resistor setup. Measurements are normally per-
formed using 5ppm solutions that yield  51V ion beams 
in the range (1.5-5.0) × 10-9 A. Vanadium isotope ra-
tios are measured using standard-sample bracketing for 
mass bias correction and are reported relative to a pure 
Alfa Aesar solution as: 

δ51V =1000×( ((51V/50V)sample/(51V/50V)std)-1) 
Repeated measurements of an in-house V solution 

over the entire year 2008 has yielded a long-term re-
producibility of δ51V = -1.2 ± 0.15 ‰ (2sd). We con-
sider this as the best possible reproducibility obtain-
able with the current method. However, this does not 
directly apply to samples as these will be susceptible to 
potential matrix effects that degrade the precision and 
accuracy with which the isotope composition can be 
determined. 

 
Preliminary results: Thus far we have measured 

the V isotope composition of a number of terrestrial 
igneous rocks as well as the CV3 carbonaceous chon-
drite Allende. These results indicate that there is little 
V isotope variation among terrestrial rocks. Allende, 
however, appears to be ~0.5‰ more enriched in 50V 
than terrestrial rocks. This difference is resolved out-
side the 2sd confidence limit. It is currently unclear 
what the cause of this difference is. In principle, it 
could be consistent with isotope fractionation occur-
ring by way of partitioning into metal during terrestrial 
core extraction akin to the process recently proposed 
for Si [11]. However, it may also be accounted for by a 
differernce between V in CAI-rich chondrites and the 
material that accreted to form the Earth. 

In order to test these hypotheses we will conduct a 
more detailed study of V isotopes in various solar sys-
tem objects including carbonaceous and ordinary 
chondrites as well as martian and HED  meteorites. 
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We will also perform more analyses of terrestrial mate-
rial to determine a reliable V isotope composition for 
the bulk silicate Earth. 
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