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aBSTracT

The strong dependence of vanadium partitioning between olivine and silicate melt (DV
Ol-M) on 

redox conditions (fO2) can be used as sensitive oxybarometer in magmatic systems. Here we extend 
the experimental database on DV

Ol-M, obtained so far at high temperatures (mainly above 1250 °C), to 
lower temperatures that are typical for island-arc basalts. Crystallization experiments were performed 
using a composition from Mutnovsky volcano (Kamchatka), and the investigated temperature, pres-
sure, and oxygen fugacity ranges were 1025–1150 °C, 0.1 and 0.3 GPa, and DQFM of –0.5 to +3.2, 
respectively. The water content in melts ranged from 0.6 to ~6.5 wt% H2O. The data demonstrate 
a strong negative correlation between DV

Ol-M and oxygen fugacity, similar to the behavior observed 
previously at higher temperatures and in MgO-rich compositions. The correlation between DV

Ol-M and 
DQFM in the range from –0.5 to +3.2 is described for melts with MgO < 12 wt% and Na2O < 4 wt% 
at temperatures ≤1250 °C by the empirical equation: ΔQFM=  −3.07

−0.29
+0.26  logDV

Ol-M –  3.34
−0.49
+0.40  with 

the standard error (SE) as a function of logDV
Ol-M: 2SE(DQFM) = –0.275logDV

Ol-M + 0.4. 
We suggest that this equation can be used as an oxybarometer, which is particularly well appli-

cable to the hydrous island-arc magmas at relatively low temperature. Application of the equation 
to the composition of melt inclusions and their host olivine phenocrysts from basalts of Mutnovsky 
volcano, containing vanadium concentrations in the range of 250–370 and 4–6 ppm, respectively, 
reveals an oxygen fugacity in the range DQFM +1.9 to +2.3. The estimates are in a good agreement 
with olivine-spinel oxybarometry for Mutnovsky basalts and may be typical for moderately evolved 
island-arc magmas.
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inTroDucTion

Redox conditions of the origin and evolution of subduction-
related magmas remain to be one the most controversial issues 
in magmatic petrology (e.g., Carmichael 1991; Parkinson and 
Arculus 1999; Evans 2012). Some studies argue that sub-arc 
primary magmas derive from the mantle wedge at more oxidized 
conditions in comparison to mid-ocean ridge environments as a 
result of mantle oxidation by slab-derived components, contain-
ing H2O, sulfur, and/or ferric iron (e.g., Parkinson and Arculus 
1999; Mungall 2002; Kelley and Cottrell 2009; Brounce et al. 
2014). On the other hand the studies of redox-sensitive element 
ratios (like V/Sc, V/Ga, or Zn/Fe) in primitive rocks have been 
interpreted to reflect no significant difference between the mantle 
oxidation state at subduction zones and ocean ridges (e.g., Lee et 

al. 2005, 2010; Mallmann and O’Neill 2009; Laubier et al. 2014). 
The redox conditions in the course of magma differentiation also 
have contradictory estimations. Some studies suggested that 
island-arc magmas formed at shallower levels are more oxidized 
due to differentiation and/or interaction with preexisting crust 
(e.g., Lee et al. 2005, 2012). On the other hand, recent inves-
tigations using X-ray absorption near-edge structure (XANES) 
spectroscopy at the iron and sulfur K-edges in quenched glasses 
and melt inclusions from different localities in subduction and 
intraplate setting have shown no significant magma oxidation 
or even strong Fe and S reduction during magma ascent and 
associated degassing (Kelley and Cottrell 2012; Brounce et al. 
2014, 2016, 2017; Moussallam et al. 2014). The redox state of 
primary island-arc magmas as well as magmas evolving in the 
crust thus remains controversial and requires further investiga-
tions using alternative methodological approaches.

One of the perspective methods proposed to quantify the 
redox conditions in magmatic systems is based on the depen-
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