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INTRODUCTION

Much of the recent interest on the structural role of transition 
elements (Fe, Ti, V, Co, Ni, Nb, Ta, W, Zr) in silicate glasses 
arose because of their importance in controlling melt properties 
such as density, viscosity, and refraction index (see Mysen 1988). 
Moreover, their structural role in the melt affects partition coef-
Þ cients between melt and crystals in natural systems and it is 
therefore important to understand their behavior during crystal-
lization. The knowledge of the control exerted by melt composi-
tion on the local structure of the transition elements is therefore 
of fundamental importance in relating the atomistic structure of 
silicate melts to their macroscopic properties. An element that 
has received much attention in recent years is vanadium, for its 
capability of existing in three different valence states, V3+, V4+, 
and V5+, in magmas under terrestrial conditions (Canil 2002; 
Borisov et al. 1987). 

Vanadium content in basaltic rocks is highly variable, ranging 
from 10 to 600 ppm (Prinz 1967) with an average of 250 ppm. 
Vanadium displays a wide range of compatibility with common 
magmatic mineral phases. Important host phases for V include, 
in approximate order of importance, magnetite, ilmenite, mica, 
amphibole, and clinopyroxene (Canil 1999; Toplis and Corgne 
2002). The most common substitution responsible for the incor-

poration of V in mineral lattices is the replacement of Fe3+ by 
V3+(see Evans 1972), whereas other substitutions such as Al, Ti, 
and Mn occur much less frequently. In the trivalent oxidation 
state V has commonly an octahedral coordination with O atoms 
and it is similar in its crystal chemical behavior to Fe3+ and 
Mn3+ (Evans 1972). In oxide minerals, when V is in the 4+ and 
5+ oxidation states, it is usually bonded to O atoms in square 
pyramidal and tetrahedral coordination, respectively. 

Since vanadium exists in terrestrial magmas as V3+, V4+, and 
V5+ (Borisov et al. 1987; Carmichael and Ghiorso 1990; Hanson 
et al. 1996; Gaetani and Grove 1997; Canil 2002; Toplis and 
Corgne 2002), the partitioning of V between coexisting silicate 
melts and oxide or silicate mineral phases at equilibrium is a 
sensitive function of O atom fugacity (Canil 2002; Toplis and 
Corgne 2002, and references therein). Due to the dependence of 
its partition coefÞ cient on fO2

, vanadium has recently been used 
as a potential redox indicator during crystallization in maÞ c and 
ultramaÞ c magmas (Canil 1997, 1999). 

Although there are numerous studies on partitioning behavior 
of transition elements in magmas, little information is available 
on the structural conÞ gurations of these elements in silicate melts. 
Information such as oxidation state and coordination of these 
transition metal ions in melts as a function of melt composition, 
fO2

, P, and T is very important because it can strongly inß uence 
the partitioning behavior.
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ABSTRACT

The local structure of vanadium (V) in synthetic glasses of basaltic composition has been studied 
by means of high-resolution V K-edge X-ray absorption near-edge structure (XANES) and extended 
X-ray absorption Þ ne structure (EXAFS) spectroscopy to obtain quantitative data on <V-O> distances, 
V coordination number (CN), and oxidation state. The compositions and experimental conditions were 
chosen so as to verify the effect of bulk-glass composition (using a diopside-anorthite composition, 
a sodium disilicate glass, and an iron-titanium-bearing basaltic glass) and V content (from 0.1 to 5 
V2O5 wt%) on the structural role of V in these glasses. 

The combined analysis of high-resolution XANES spectra and EXAFS data indicate that on 
average, the Fe-free glasses synthesized in air show vanadium in the V5+ state, mainly in tetrahedral 
coordination (less than 20% [5]V5+) and with <V-O> distances of 1.697 (± 0.020) Å, in agreement with 
the values found for tetrahedral V in minerals. In contrast, the Fe-bearing basaltic glasses display a 
mixture of V5+ in fourfold and Þ vefold coordination, 40% [4]V5+�60% [5]V5+ in proportion, and the 
EXAFS-derived distances and coordination numbers are in agreement with this interpretation. No 
signiÞ cant changes in the V local structure were found in the glasses analyzed as a function of V-con-
tents in the 0.1 to 5 V2O5 wt% range. The data obtained suggest that the structural role of vanadium 
in these melts is rather insensitive to bulk composition, in terms of V and alkali content, but can be 
strongly affected by the presence of other transition elements, e.g., Fe3+ competing with V to enter 
the tetrahedral framework.




