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abstract

The partition coefficients of V and Sc between clinopyroxene and silicate melt (DV
Cpx/SM and DSc

Cpx/SM) 
have been determined experimentally at 1200–1400 °C and 0.8–2.3 GPa, using a hornblende- and 
clinopyroxene-rich mantle rock in graphite-lined Pt95Rh05 capsules. The results show that the DV

Cpx/SM and 
DSc

Cpx/SM values decrease from 3.8 to 2.3 and from 2.6 to 1.1, respectively, as the experimental temperature 
and pressure vary from 1200 °C and 0.8 GPa to 1400 °C and 2.3 GPa. The presence of water in silicate 
melts may also reduce DV

Cpx/SM and DSc
Cpx/SM. These results imply that the effects of temperature, pressure, 

and melt water content on DV
Cpx/SM should be considered when using V systematics in cratonic mantle 

peridotites to constrain cratonic mantle oxygen fugacity (fO2). However, although the dominant V in 
the present silicate melt is mixed V3+ and V4+, the DV

Cpx/SM/DSc
Cpx/SM together with literature data obtained 

at similar fO2 shows a nearly constant value of 1.68 ± 0.26, regardless of temperature, pressure, melt 
composition, and melt water content, indicating that these factors cannot cause fractionation of Sc3+ 
from mixed V3+ and V4+ in mantle melts through clinopyroxene/silicate melt partitioning. Therefore, 
in combination with V/Sc systematics in primitive MORBs and arc basalts, using DV

Cpx/SM and DSc
Cpx/SM 

obtained at 1 bar and dry conditions should be valid to constrain mantle fO2, except for the case that 
the DCpx/SM for Sc3+ can be demonstrated to be fractionated from the DCpx/SM for mixed V4+ and V5+, 
which are present in oxidized basalts.
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introduction

Oxygen fugacity (fO2) is an important parameter that can 
significantly affect the geochemical and geophysical proper-
ties of Earth’s mantle material. The fO2 of MORBs is mainly 
between FMQ-1 and FMQ, and the fO2 of arc basalts is higher 
than that of MORBs, as evidenced by the higher Fe3+/SFe in arc 
basalts (e.g., Frost and McCammon 2008; Kelley and Cottrell 
2009, 2012; Brounce et al. 2014, 2015). However, whether the 
oxidized nature of arc basalts is inherited from the subarc mantle 
or is derived from magmatic differentiation processes occurring 
in the crust remains debated (e.g., Evans et al. 2012; Grocke et 
al. 2016; Lee et al. 2005, 2010; Brounce et al. 2015). The clear 
correlation between Fe3+/SFe and water content in undegassed, 
olivine-hosted basaltic melt inclusions was used to argue for a 
high fO2 in the subarc mantle, which could be caused by fluid 
fluxing of the subducted slab (Kelley and Cottrell 2012; Brounce 
et al. 2014, 2015). This argument is supported by measurements 
of spinel compositions in primitive arc lavas, which imply the 
subarc mantle 1–4 log units more oxidized than the oceanic 
mantle (Evans et al. 2012). Nevertheless, based on the parti-
tioning of V and Sc between mantle minerals and silicate melts 
(Dmineral/SM) and the similarity of V/Sc in primitive MORBs and 
arc basalts, Lee et al. (2005) and Mallmann and O’Neill (2009) 
concluded that the fO2 of the subarc mantle and the oceanic mantle 
is similar. However, the DV

mineral/SM and DSc
mineral/SM data used in these 

two studies were calibrated for one atmosphere pressure (1 bar) 

and dry conditions (Canil 1997, 1999; Canil and Fedortchouk 
2000; Mallmann and O’Neill 2009), and fO2 was assumed to be 
the only factor causing fractionation of DV

mineral/SM from DSc
mineral/SM 

and thus the variation of V/Sc in primitive basalts. The effects 
of pressure and temperature (P-T) on DV

mineral/SM and DSc
mineral/SM 

remain indeed uninvestigated, but which could be important to 
constrain mantle fO2. For example, if P-T cause fractionation of 
DV

mineral/SM from DSc
mineral/SM at a given fO2, and if the melting P-T for 

the genesis of MORBs and arc basalts are not always the same, 
opposed to what assumed in Lee et al. (2005) and Mallmann 
and O’Neill (2009), then the similar V/Sc in primitive MORBs 
and arc basalts does not necessarily imply a similar fO2 of the 
subarc mantle and the oceanic mantle. Therefore, to ensure that 
the variation of V/Sc in primitive MORBs and arc basalts are 
only caused by the heterogeneity in mantle fO2, and the similar 
V/Sc reflects a similar fO2 of the subarc mantle and the oceanic 
mantle, the P-T effects on DV

mineral/SM and DSc
mineral/SM should be 

determined simultaneously.
In the Earth’s upper mantle V and Sc are mainly stored in 

clinopyroxene, and the DV
Cpx/SM and DSc

Cpx/SM as a function of fO2 
have been well calibrated at 1 bar (Canil and Fedortchouk 2000; 
Mallmann and O’Neill 2009). I here therefore determine the 
effects of P-T on DV

Cpx/SM and DSc
Cpx/SM, so as to see if variation of 

the mantle melting P-T can cause fractionation of V from Sc in 
primitive MORBs and arc basalts. Determining the P-T effects on 
DV

Cpx/SM would also have important implications for the cratonic 
mantle fO2 constrained previously using V systematics alone and 
DV

Cpx/SM obtained at 1 bar (Canil 2002; Lee et al. 2003).
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