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A B S T R A C T

Although many studies have demonstrated that arc magmas are more oxidized than mid-ocean ridge (MORB)
and oceanic island basalts (OIB), the oxidation state of their mantle source is still debated. This ongoing debate is
mainly due to contradictory fO2 values obtained from different proxies (e.g., Fe3+/ΣFe of olivine-hosted melt in-
clusions and glasses; Zn/ΣFe, V/Sc, V/Ga of lavas). On the one hand, some studies using V/Sc, V/Ga and Zn/ΣFe
of lavas tend to show that the oxidation state of the mantle beneath arcs cannot be distinguished from that of the
MORB mantle. On the other, Fe3+/ΣFe of glasses and olivine-hosted melt inclusions suggest that the sub-arc
mantle is more oxidized than the mantle beneath ridges. Here, we estimate the oxygen fugacity of high-Mg
olivine-hosted melt inclusions from various mid-ocean ridges and arcs, from one hot spot (Reunion Island) and
Mount Etna using two fO2 proxies: the Fe3+/ΣFe of melts and the partition coefficient of V between olivine and
melt (DvOl/Melt). After assessing the role of secondary processes such as volatile degassing and fractional crystal-lization on the fO2 of melts and reconstructing primary melt compositions, we show that (1) fO2 values derivedfrom Fe3+/ΣFe and DvOl/Melt are comparable and (2) arc and Mount Etna primary melts are more oxidized than
mid-ocean ridge and Reunion Island primary melts. We then demonstrate, from Zr/Nb, that the observed vari-
ability in primary melt fO2 is not due to chemical variability of the mantle source. Finally, the correlations be-tween incompatible trace element ratios such as Th/La, Ba/La, Ba/Th and La/Yb and the fO2 of primary melts re-veal a link between the oxidized nature of arc and Mount Etna primary magmas to slab fluid and/or sediment
melt influence. Our arc dataset displays a variety of subduction influences, from fluid-dominated (Aoba and
Mount Meager) to sediment melt-dominated (La Sommata) influences. The origin of the oxidation of Mount Etna
magmas is more complicated to identify and the nature of the oxidized metasomatic fluids that likely percolated
through the mantle source before magma generation is yet to be determined.

1. Introduction

Oxygen fugacity (fO2) is an intrinsic thermodynamic parameter thatis related to the chemical potential of the oxygen of a system. The fO2 ofsilicate melts and their sources has been widely investigated as it influ-
ences mineral stability fields (Frost, 1991), volatile solubility and speci-
ation during degassing (e.g., Gaillard et al., 2015;Mathez, 1984), liquid
lines of descent (e.g., Fudali, 1965; Osborn, 1959) and the geophysical
properties of the mantle (e.g., Frost and McCammon, 2008 and refer-
ences therein).

Fe is an abundant multivalent 3d-transition element in silicate
glasses whose speciation is linked to the oxygen fugacity of the system
(Kress and Carmichael, 1991). As many methods, such as wet chemistry
(e.g., Bézos et al., 2021; Bézos and Humler, 2005; Christie et al., 1986),
the flank method on the electron probe (e.g., Fialin et al., 2001; Höfer

and Brey, 2007; Zhang et al., 2018a), X-Ray absorption near-edge struc-
ture (XANES) spectroscopy (e.g., Berry et al., 2003, 2018; Cottrell et al.,
2009; Wilke et al., 2004) and Mössbauer spectroscopy (e.g., Jayasuriya
et al., 2004; McCammon, 2004; Partzsch et al., 2004; Zhang et al.,
2018b), allow the measurement of the Fe oxidation state in basalts and
glasses (i.e., Fe3+/ΣFe), it has become a commonly used proxy to esti-
mate the oxygen fugacity at which they, supposedly, have equilibrated.
It has been shown using this proxy on basaltic glasses and olivine-
hosted melt inclusions that arc magmas are more oxidized (from 0.1 to
2.8 above the quartz-fayalite-magnetite buffer, reported as ΔQFM +
0.1 to + 2.8; Brounce et al., 2014, 2015; Carmichael, 1991; Gaborieau
et al., 2020; Kelley and Cottrell, 2009, 2012) than those from mid-
ocean ridges (ΔQFM - 0.7 to + 0.3; Berry et al., 2018; Birner et al.,
2018; Cottrell and Kelley, 2011, 2013; O’Neill et al., 2018; Zhang et al.,
2018b; also see Cottrell et al., 2021 for fO2 estimations on volcanic
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rocks and mantle lithologies). The oxidation state of hot spot magmas is
variable and generally elevated (ΔQFM + 0.4 to + 2.6 for the least de-
gassed samples of Brounce et al., 2017, 2022; Hartley et al., 2017;
Moussallam et al., 2019; Nicklas et al., 2022a; Shorttle et al., 2015).

One of the hypotheses that has been proposed to explain the range
in fO2 is that the fO2 of magmas can be modified by secondary processessuch as fractional crystallization (e.g., Bézos and Humler, 2005;
Christie et al., 1986; Cottrell and Kelley, 2011) and volatile degassing
(e.g., Bell and Simon, 2011; Brounce et al., 2014, 2017; Candela, 1986;
de Moor et al., 2013; Humphreys et al., 2015; Métrich et al., 2009;
Moussallam et al., 2016) during their ascent to the surface. Alterna-
tively, the observed variation in fO2 may result from changes in the
mantle source of magmas, such as changes in phase equilibria as a re-
sponse to changes in P-T conditions (e.g., Birner et al., 2018; Frost,
1991; Frost and McCammon, 2008; Gaetani, 2016; Stolper et al., 2020)
and/or from the variability of their mantle source composition and its
iron speciation (Fe3+/ΣFe). Variations in the mantle source composi-
tion and Fe3+/ΣFe may arise from various degrees of fertility related to
previous melting events (e.g., Bénard et al., 2018a, 2018b; Birner et al.,
2018), the addition of subducted material (e.g., Brounce et al., 2014;
Carmichael, 1991; Kelley and Cottrell, 2009, 2012; Moussallam et al.,
2019; Shorttle et al., 2015) and/or the interaction with primary melts
(Tollan and Hermann, 2019). Using the Fe3+/ΣFe ratios of olivine-
hosted melt inclusions from mid-ocean ridges and arcs (e.g., Brounce et
al., 2014, 2015; Kelley and Cottrell, 2009, 2012), it has been shown
that, once corrected for the effects of secondary processes, fO2 corre-lates with the H2O contents and Ba/La ratios of primary melts. This sug-gests that secondary processes alone cannot be responsible for the ob-
served variation in fO2 and that it would be best explained by the sub-
arc mantle being more oxidized than the mantle beneath ridges because
of the addition of aqueous fluids coming from the slab. Concurrently,
V/Sc and Zn/ΣFe ratios in glasses and rocks have been used as fO2 sen-
sors to estimate the redox state of the mantle. V and Sc on the one hand,
and Zn and Fe on the other hand, have similar geochemical behaviors
during melting. Nonetheless, the partitioning of both V and Fe is depen-
dent on fO2, while the partitioning of Sc and Zn is not sensitive to fO2(e.g., Lee et al., 2005, 2010; Li and Lee, 2004; Mallmann and O’Neill,
2009). According to Lee et al. (2005, 2010), Li and Lee (2004) and
Mallmann and O’Neill (2009), the V/Sc and Zn/ΣFe ratios of lavas sug-
gest that the oxidation state of the mantle wedge in various arc regions
cannot be distinguished from that of the MORB mantle (see also
Dauphas et al., 2009), implying that the observed variation in fO2, asretrieved from the redox state of Fe, is due to secondary processes.
However, the recent study of Wang et al. (2019) demonstrates that V/
Sc in lavas does not directly reflect mantle fO2. Using V/Sc and V/Ti
systematics, these authors propose that the arc mantle is more oxidized
by 0.9 log units compared to MORB mantle because of a lower melting
temperature. Therefore, the cause of the observed variation in fO2 ofmagmas and subsequently the oxidation state of the mantle in the dif-
ferent geological settings is still debated.

Here, we estimate the oxygen fugacity of high-Mg olivine-hosted
melt inclusions from various mid-ocean ridges and arcs, from one hot
spot (Reunion Island) and from Mount Etna using two redox proxies:
the Fe3+/ΣFe of melt inclusions and the partition coefficient of V be-
tween olivine and melts (DvOl/Melt). After assessing the effects of sec-ondary processes (i.e., volatile degassing and fractional crystallization)
on the fO2 of melts, we reconstruct primary melt compositions. Firstly,we compare fO2 values of primary melts derived from Fe3+/ΣFe and
DvOl/Melt. Secondly,we investigate the effects of mantle chemical compo-
sition on primary melt fO2 in an attempt to constrain the cause of thefO2 variation of different geological settings.

2. Samples and methods

2.1. Samples

To investigate the redox state of primitive magmas we selected
glassy primary melt inclusions trapped in high-Mg olivines (Fo > 80
%). Our dataset is mainly composed of melt inclusions that were previ-
ously studied by Gaborieau et al. (2020) and Laubier et al. (2007,
2012).

Our melt inclusions from mid-ocean ridge basalts come from the FA-
MOUS zone (Northern Mid-Atlantic Ridge; ARP73-10-03, ALV519-2-3,
ALV519-4-1, ALV527-1; Kamenetsky, 1996; Laubier et al., 2007, 2012)
and the Gakkel Ridge. Our oceanic island basalt (OIB) melt inclusions
come from Piton de Caille on the Northwest rift-zone of Piton de la
Fournaise, Reunion Island (CAI; Bureau et al., 1998a; Bureau et al.,
1998b; Laubier, 2006). The arc melt inclusions were selected from a pi-
critic lapilli layer collected on the Torgil tuff ring and from the Red Cliff
pyroclastic sequence (Ao8, Ao15, Ao17, Ao2T-T, Ao-T, Ao-C; Sorbadere
et al., 2011) of Aoba volcano in the Vanuatu arc; a scoria sample from
the ~50 000 year old La Sommata pyroclastic cone (Som; Rose-Koga et
al., 2012) on Vulcano Island; a tephra layer located in a trench dug at
450 m a.s.l. on the northeastern flank of Stromboli volcano (St82p;
Métrich et al., 2001; Rosi et al., 2000) in the Aeolian arc, and from a
Pleistocene-aged tephra layer from the Mosaic Ridge in the Mount Mea-
ger Volcanic Complex in the Garibaldi Volcanic Belt (GVB) in western
Canada (Aw-15-185; Venugopal et al., 2020a).

Finally, melt inclusions from Mount Etna were added to this study.
Mount Etna has a complex geodynamic setting. Even though this vol-
canic edifice is located in a strongly compressive context (i.e., at the
African-European plate collision boundary, close to Aeolian subduction
zone and close to several transform faults; Casetta et al., 2020; Gennaro
et al., 2019; Viccaro and Zuccarello, 2017), the origin of the volcanism
does not appear to be directly related to subduction processes. An asym-
metric rifting process, the creation of a lithospheric “window” due to a
differential rollback of the subducting plates and a hot spot origin were
proposed (Gennaro et al., 2019 and references therein). However, be-
cause of their enrichment in FME (fluid mobile elements) and LREE
(light rare earth elements), recent Mount Etna lavas are not typical of
OIB but rather display intermediate compositions between OIB- and
arc-type lavas (e.g., Correale et al., 2014; Tonarini et al., 2001).Melt in-
clusions were selected from the FS marker bed located on the eastern
flank of Mount Etna, that was deposited during a subplinian picritic
eruption dated at 3930 ± 60 BP and which corresponds to the most
primitive magma erupted at this locality (SVP291c; Coltelli et al., 2005;
Kamenetsky et al., 2007; Pompilio et al., 1995).

Selected melt inclusions are trapped in host olivines with forsterite
contents ranging from 88 to 90 % for MORB, 86 to 87 % for Reunion Is-
land, 84 to 91% for Aoba, 83 to 85% for Mount Meager, 90 to 91% for
Mount Etna and 88 to 91 % for La Sommata. The melt inclusion from
Stromboli is trapped in an olivine with a forsterite content of 85 %.

The fifty-five melt inclusions are larger than 30 μm and most of
them contain a bubble that likely formed after entrapment. They were
located far from any crack and did not require re-homogenization (i.e.,
did not display daughter minerals nor devitrification; Fig. S1a of the
Supplementary material). Melt inclusions from the Aoba (Ao8, Ao15,
Ao17, Ao2T-T, Ao-T, Ao-C) and Mount Etna (SVP291c) samples some-
times display Cr-rich spinel crystals. As we find chromite trapped as
mineral inclusions in olivines, we assume that these crystals formed at
the same time as the host phase and not after melt entrapment. There-
fore,we assume their presence is not related to post-entrapment modifi-
cations. In addition, as it will be discussed in section 4.2.2., liquid lines
of descent (LLDs) calculated for these two localities indicate that even
though spinel is likely to have crystallized from the melt before entrap-
ment, the amount would be too small to significantly affect melt com-
position.
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2.2. Analytical methods

2.2.1. Major and volatile element concentrations
2.2.1.1. Electron microprobe. Previously published major and volatile
element (Cl, S and F) concentrations of thirty-eight melt inclusions and
major element concentrations of their host olivines were reported in
Gaborieau et al. (2020), Laubier (2006) and Laubier et al. (2007,
2012). Readers are invited to refer to these articles for more details on
analytical conditions.

We have measured major and volatile element concentrations of
seventeen new melt inclusions and major element concentrations of
their host olivines. Analyses were performed with a Cameca SX-100 at
Laboratoire Magmas et Volcans (LMV) following Gaborieau et al.
(2020)’s routine and with a Cameca SX-100 at University of Massachu-
setts (Amherst) following Laubier et al. (2012)’s routine. More details
on the analytical methods used for the different melt inclusions subsets
and uncertainties calculations are presented in the Supplementary ma-
terial. Detection limits on volatile element concentrations are 200 ppm
for F, 65 ppm for Cl and 60 ppm for S. Uncertainties on these concentra-
tions were calculated as the 2σ relative standard deviation (RSD) of 5
replicate measurements performed in the same melt inclusion. The av-
erage uncertainties obtained for these element concentrations are 7 %
rel. for Cl, 8 % rel. for S and 56 % rel. for F.

All the major and volatile (Cl, S and F) element compositions of melt
inclusions and the major element compositions of their host olivines
used in this article are reported in Table S1 of the Supplementary mate-
rial.

2.2.1.2. Raman and FTIR spectroscopy. The water contents of thirty
melt inclusions, determined by Raman spectroscopy and by Fourier
Transform infrared spectroscopy at LMV, were reported in Gaborieau
et al. (2020). A few melt inclusions were analyzed by both Raman and
FTIR spectroscopy. We concluded that both methods gave consistent
results but that uncertainties on the water contents derived from FTIR
spectroscopy were larger due to the error on the thickness of melt in-
clusions and the uncertainty resulting from the range in published val-
ues for the molar absorption coefficient, which is highly dependent on
glass composition (Mercier et al., 2010). Therefore, we preferentially
use the water contents derived from Raman spectroscopy when both
types of data are available.

New measurements of the water content of twenty-two melt inclu-
sions are reported here. Four melt inclusions were analyzed by Raman
spectroscopy using an InVia (Renishaw) confocal Raman micro-
spectrometer at LMV and eighteen melt inclusions were analyzed by
Fourier Transform infrared spectroscopy (FTIR) using a Bruker Vertex
70 spectrometer coupled with a Hyperion microscope at LMV. Readers
are invited to refer to Gaborieau et al. (2020) for more details on ana-
lytical conditions and data processing. The analytical uncertainty was
calculated as the 2σ relative standard deviation (RSD) on replicate mea-
surements. The average analytical uncertainties are 11 % rel. for H2Ovalues obtained by Raman spectroscopy and 15 % rel. for H2O values
obtained by FTIR spectroscopy. When melt inclusions could only be an-
alyzed once,we report an analytical uncertainty that corresponds to the
mean 2σ RSD determined on replicate analyses of other melt inclusions
analyzed during the same session.

The water contents of all the melt inclusions used in this article are
reported in Table S1 of the Supplementary material.

2.2.2. Fe speciation
Previously published Fe3+/ΣFe of melt inclusions were determined

using Fe K-edge X-ray absorption near edge structure (XANES) spectra
that were collected at the LUCIA beamline (Vantelon et al., 2016) of
SOLEIL synchrotron, France (Gaborieau et al., 2020). As hydrous
glasses can be affected by beam-induced oxidation during XANES mea-
surements (Cottrell et al., 2018), we carried out a careful evaluation of

beam damage, that included a detailed inspection of consecutive
XANES spectra and collection of time series on hydrous basaltic and
basanitic experimental glasses using different radiation doses, in order
to find the analytical conditions that minimized beam damage
(Gaborieau et al., 2020). In the same article, we reported the Fe3+/ΣFe
ratios of a subset of these melt inclusions measured using a Mössbauer
synchrotron source (SMS; Potapkin et al., 2012; Smirnov et al., 1997) at
the Nuclear Resonance beamline ID18 (Rüffer and Chumakov, 1996) of
the European Synchrotron Facility, Grenoble (France). The comparison
of the Fe3+/ΣFe from the two analytical methods (Gaborieau et al.,
2020) suggests that we successfully identified cases of beam damage
during XANES analysis. Average uncertainties are 6% rel. for Fe3+/ΣFe
ratios obtained by XANES spectroscopy and 77 % rel. for Fe3+/ΣFe ra-
tios obtained by Mössbauer spectroscopy. As the Fe3+/ΣFe ratios ob-
tained by Mössbauer spectroscopy exhibit large uncertainties because
of low signal to noise ratios, we preferentially use the Fe3+/ΣFe ratios
derived from XANES measurements for the current study. The
Fe3+/ΣFe ratios of melt inclusions are reported in Table S1 of the Sup-
plementary material.

A new set of twenty-two melt inclusions was added to the dataset for
the present study: we use these to estimate the fO2 using the DvOl/Meltpartition coefficients, but we did not perform XANES or Mössbauer
analysis on these and their Fe3+/ΣFe ratios were not directly measured.

2.2.3. Trace element contents
Trace element contents of melt inclusions and their host olivines

were measured at LMV by laser ablation inductively coupled plasma
mass spectrometry (LA-ICP-MS) using a Thermo Element XR ICP-MS
with a magnetic sector coupled with a computer-controlled Resonetics
M-50E EXCIMER 193 nm laser system equipped with a laser ATL with
ultra-short pulse duration (<4 ns) or a Thermoelectron X-Series ICP-MS
system coupled with a pulsed 213 nm ArF Excimer laser (New Wave/
Merchantek) at Harvard University depending on the melt inclusion
subset. More details on the analytical routines and uncertainties calcu-
lations can be found in the Supplementary material as well as in Tables
S2 to S4 of the Supplementary material. We calculated a maximum un-
certainty of 28 % rel. on the DvOl/Melt partition coefficient by error prop-
agation.

All the trace element compositions of melt inclusions and their host
olivines used in this article are reported in Table S5 of the Supplemen-
tary material.

2.3. Post-entrapment processes

After entrapment,melt inclusions can undergo various changes such
as the formation of a shrinkage bubble and daughter minerals, devitrifi-
cation, crystallization of the host phase on their walls and/or chemical
reequilibration of some elements by diffusion with their hosts or the ex-
ternal melt (Danyushevsky et al., 2000; Frezzotti, 2001; Gaetani and
Watson, 2000, 2002; Schiano, 2003; Tait, 1992). Therefore, the degree
of post-entrapment modifications must be assessed.

Selected melt inclusions are primary, far from any crack or crystal
edge and glassy (i.e., do not show evidence of daughter mineral crystal-
lization or devitrification). However, their compositions can be affected
by olivine crystallization on their walls and/or Fe-Mg diffusion that can
occur between a melt inclusion, its olivine host and the external melt
(Danyushevsky et al., 2000; Gaetani and Watson, 2000, 2002). Melt in-
clusion compositions were therefore corrected for olivine crystalliza-
tion (this correction is usually referred to as post-entrapment crystal-
lization correction – PEC - in the literature) and/or “Fe loss”. In order to
have a consistent dataset, the previously published melt inclusion com-
positions from Gaborieau et al. (2020), Laubier (2006), Laubier et al.
(2007, 2012), that were initially corrected using the Petrolog3 software
(Danyushevsky and Plechov, 2011), were recorrected in the same way
as our new data. Here, major, volatile and trace element (including V)
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contents were corrected using the MIMiC program (Rasmussen et al.,
2020). This program allows PEC correction by adding olivine into the
melt inclusion composition until the olivine-melt equilibrium (i.e.,

calculated using Toplis (2005)’s model) is reached. In the case
where “Fe loss” is observed from the melt inclusion composition prior
to any PEC correction, the initial total iron content of the melt is deter-
mined by applying a regression through the FeO* and MgO trend in the
literature data from the same localities (see Supplementary material).
Then, the estimated initial total iron content of the melt is provided to
the program (see Supplementary material) and successive PEC correc-
tion and Fe-Mg exchange steps are performed until the iron content of
the melt calculated by the program and the initial total iron content
provided by the user agree within 0.1 wt.%. Details on the correction
method used in this study are provided in the Supplementary material.
To apply this correction to melt inclusion compositions for which
Fe3+/ΣFe ratios were not measured, we impose a Fe3+/ΣFe ratio taken
as the average Fe3+/ΣFe value of melt inclusions from the same erup-
tion or locality depending on the available data. It should be noted that
these estimated Fe3+/ΣFe are reported in the tables for information
only and were not used to derive fO2 values nor were they plotted ingraphs.

This PEC correction is a crucial step to derive Fe3+/ΣFe ratio from
melt inclusions: for example, Gennaro et al. (2020) showed that a PEC
of 14% would lead to a decrease in Fe3+/ΣFe of 0.06. In the present
study, the percentage of olivine added to the melt inclusion composi-
tion ranges from 2.2 to 22.5 % for FAMOUS, 3.0 to 15.9 % for Gakkel,
8.6 to 16.3 % for Reunion Island, 0.0 to 18.2 % for Aoba, 0.0 to 3.1 %
for Mount Meager, 1.5 to 12.8 % for Mount Etna, 0.0 to 3.2 % for La
Sommata melt inclusions and 4.7 % of olivine was added to the Strom-
boli melt inclusion composition. The final melt inclusion compositions,
along with the type of correction performed and the PEC values, are re-
ported in Tables S1 and S5 of the Supplementary material. It should be
noted that even though the correction scheme used here differs from
the one used in Gaborieau et al. (2020) and the values derived from the
recorrected data (e.g., PEC values, temperature, major element compo-
sitions) differ slightly, the main conclusions remain unchanged. In the
following sections, we will use the PEC-corrected compositions of indi-
vidual melt inclusions and averages for each locality that correspond to
averages of individual melt inclusions.

3. Results

As mentioned in the previous section, previously published major
element data were recorrected for PEC processes with a different cor-
rection scheme to generate a consistent PEC-corrected dataset (Table S1
of the Supplementary material). However, the new melt inclusions dis-
play major element compositions that are very similar to the ones that
were previously published (Gaborieau et al., 2020; Laubier, 2006;
Laubier et al., 2007, 2012). As the new melt inclusions added to this
study are coming from the same samples, their major element composi-
tions (Table S1 of the Supplementary material) are not further de-
scribed here and readers are invited to refer to Gaborieau et al. (2020),
Laubier (2006) and Laubier et al. (2007, 2012).

3.1. Volatile element concentrations in melt inclusions

Within our dataset, the volatile element concentrations in the melt
inclusions from subduction zones generally show the largest variations,
as shown in Fig. S2 of the Supplementary material. Aoba melt inclu-
sions display water contents ranging from 1.1 to 3.2 wt% H2O which
overlaps previous data from Métrich and Deloule (2014). They also
show a wide range in chlorine from 0.08 to 0.56 wt% Cl as already ob-
served by Bouvier et al. (2019), and a narrow range of sulphur contents
from 0.04 to 0.16 with one outlier at 0.26 wt% S. La Sommata melt in-
clusions display variable water contents ranging from 1.3 to 4.4 wt%

H2O in agreement with those measured by Chen et al. (2013), Cl con-
tents from 0.17 to 0.42 wt% Cl (in agreement with Bouvier et al.
(2019)) and S contents from 0.11 to 0.23 wt% S. The Mount Etna melt
inclusions analysed here display little variation in H2O, around 4 wt %,
with one outlier at 0.8 wt% H2O. Cl contents range from 0.07 to 0.38
wt% Cl. S contents span a large range from 0.09 to 0.32 wt% S. Our ob-
servations are in good agreement with the study of Gennaro et al.
(2019). Mount Meager melt inclusions display homogeneous water and
Cl contents ranging from 2.1 to 2.6 wt% H2O and from 0.05 to 0.07
wt% Cl, and variable S contents from 0.22 to 0.31 wt% S, in agreement
with previous measurements of H2O and S by Venugopal et al. (2020b).
These authors also found that 45 to 87 % of the CO2 and up to 84% of
the S are present in the bubble in the form of CO2 and carbonates for Cand anhydrites and sulphides for S as confirmed by Schiavi et al.
(2020).

3.2. Melt inclusion fO2 inferred from Fe3+/ΣFe ratios

The mean Fe3+/ΣFe ratio (Table 1) calculated for MORB (0.10 ±
0.05; 2σ; n = 5) is in good agreement with results obtained by Berry et
al. (2018) and Bézos et al. (2021) on MORB glasses. Arc melt inclusions
display a mean Fe3+/ΣFe ratio of 0.26 ± 0.14 (2σ; n = 19) that is
higher than that of MORB melt inclusions, and Reunion Island (0.10 ±
0.01; 2σ; n = 2) melt inclusions, as also reported in Gaborieau et al.
(2020). Mount Etna melt inclusions display a mean Fe3+/ΣFe ratio of
0.27 ± 0.05 (2σ; n = 7), which is consistent with values obtained for
arc melt inclusions and in agreement with the range of 0.27-0.36 mea-
sured by Gennaro et al. (2020) using XANES spectroscopy. Those au-
thors calculated pre-eruptive fO2 conditions of ΔFMQ +1.3 - +2.1
(ΔNNO +0.7 - +1.6) using Kress and Carmichael (1991)’s parameteri-
zation, which is in agreement with the olivine-spinel oxybarometer of
Ballhaus et al. (1991). Here we find similar fO2 values with a rangefrom ΔFMQ +0.9 to +1.9 also using Kress and Carmichael (1991).

The Fe3+/ΣFe ratios of melt inclusions were converted into fO2 us-ing Kress and Carmichael (1991), Jayasuriya et al. (2004), Borisov et al.
(2018) and O’Neill et al. (2018)’s calibrations, temperature estimates
from equation 4 from Putirka et al. (2007; Table 1) and a pressure of 1
bar. More details on the parameters used in the different parameteriza-
tions are provided in the Supplementary material. The comparison of
the different parameterizations is presented in Fig. 1a and shows that
fO2 values derived from O’Neill et al. (2018)’s parameterization are
systematically more oxidized and that the offset observed with fO2 val-ues derived from Kress and Carmichael (1991)’s algorithm becomes
larger under reduced conditions, as previously observed (e.g., Berry et
al., 2018; Gaborieau et al., 2020; O’Neill et al., 2018). Alike, fO2 valuesderived from Borisov et al. (2018)’s calibration are consistently more
oxidized than the ones derived from Kress and Carmichael (1991)’s al-
gorithm, yet the offset between the two methods seems to be constant
over the entire range of fO2. The fO2 values calculated using Jayasuriyaet al. (2004)’s proxy are higher than the ones from Kress and
Carmichael (1991)’s proxy under reduced conditions, but they are
lower under oxidized conditions (Fig. 1a). Both Borisov et al. (2018)
and O’Neill et al. (2018) suggested that an overestimation of the coeffi-
cient used in Jayasuriya et al. (2004)’s is one of the factors ex-
plaining the offset between the estimated fO2. In addition, O’Neill et al.
(2018) proposed that the discrepancy may also be due to the use of low
values for the scaling factor α (see equation 5 of O’Neill et al., 2018)
that reflects contributions to non-ideality from interactions between
Fe2+ and Fe3+ by Kress and Carmichael (1991).

Despite the discrepancy between the fO2 values calculated from the
four models, our results show that arc melt inclusions are generally
more oxidized than those from MORB and Reunion Island.
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Table 1
Oxygen fugacity of melt inclusions calculated from Fe3+/ΣFe and DvOl/Melt.
Locality Sample PEC Fe3+/ΣFeXANES

a 2σ Fe3+/ΣFeMössbauer
b 2σ Fe3+/ΣFeEstimated

c Dv
Ol/Melt T

(°C)d
∆QFMe ∆QFMf ∆QFMg ∆QFMh ∆QFMi ∆QFMj

Famous zone ALV519-2-
3-Ol1

2.7% 0.13 0.058 1214 0.0 0.02

ALV519-2-
3-Ol7

5.5% 0.12 0.061 1223 -0.2 -0.1

ALV519-2-
3-Ol10B

2.2% 0.14 0.046 1210 0.3 0.4

ALV519-4-
1-Ol4

6.8% 0.12 0.070 1241 -0.5 -0.5

ALV519-4-
1-Ol7

15.6% 0.10 0.052 1243 0.0 0.0

ALV527-1-
Ol3

8.5% 0.11 0.053 1228 0.0 0.1

ARP73-
10-03-
ol10

10.2% 0.11 0.01 0.038 1265 -0.7 -0.5 -0.4 0.4 0.4 0.4

ARP73-
10-03-
ol13

8.7% 0.08 0.05 0.040 1273 -1.4 -1.0 -1.0 -0.1 0.2 0.3

ARP13 22.5% 0.09 0.01 0.045 1267 -1.1 -0.8 -0.8 0.1 0.1 0.1
Gakkel Ridge GAK-A5 12.9% 0.07 0.07 0.039 1211 -2.0 -1.5 -1.3 -0.5 0.5 0.6

GAK-C2 6.9% 0.13 0.038 1191 0.7 0.8
GAK-F6 15.9% 0.09 0.050 1221 0.2 0.2
GAK-G2 3.0% 0.14 0.01 0.046 1197 -0.1 0.0 0.4 0.8 0.4 0.5
GAK-G5 9.7% 0.13 0.053 1229 0.0 0.1
GAK-G6 11.0% 0.13 0.044 1222 0.3 0.4
GAK-G7 11.2% 0.13 0.048 1219 0.2 0.3

Piton de la
Fournaise,
Reunion

CAI1-B2-1 16.1% 0.10 0.028 1240 0.8 0.9
CAI3-E5 8.6% 0.11 0.17 0.028 1246 -0.7 -0.7 -0.5 0.6 0.8 0.9
CAI4-A3 16.3% 0.09 0.01 0.028 1248 -1.1 -0.9 -0.8 0.3 0.7 0.9

Aoba, Vanuatu Ao8-DP 18.2% 0.20 0.004 1256 3.6 3.9
Ao15-5 13.1% 0.18 0.10 0.007 1213 0.3 0.2 0.7 1.3 2.9 3.1
Ao15-12
(c)

4.9% 0.27 0.006 1159 3.3 3.7

Ao17-D4 5.5% 0.28 0.01 0.006 1202 1.3 1.8 1.8 3.2 3.0 3.2
Ao17-D6 13.4% 0.26 0.01 0.005 1228 1.2 1.0 1.4 2.0 3.0 3.4
Ao-C8 2.3% 0.19 0.009 1160 2.9 3.1
Ao-T8 5.0% 0.28 0.01 0.006 1163 1.3 1.0 1.7 2.1 3.2 3.6
Ao2T-T1 13.3% 0.24 0.01 0.006 1295 1.2 0.9 1.3 2.0 2.8 3.2
Ao2T-T3 5.5% 0.29 0.01 0.006 1161 1.7 1.4 2.1 2.5 3.5 3.7
Ao2T-T9 0.0% 0.32 0.01 0.009 1116 1.9 1.4 2.4 2.6 2.9 3.1
Ao2T-T16-
1

1.9% 0.28 0.01 0.011 1125 1.5 1.1 2.0 2.2 2.7 2.9

Ao2T-T16-
2

1.7% 0.28 0.009 1127 3.0 3.2

Mount Meager,
Cascades

Aw-15-
185 n10

1.9% 0.18 0.01 1084 0.3 0.4 1.2 1.5

Aw-15-
185 n11

1.0% 0.19 0.01 1092 0.4 0.5 1.2 1.6

Aw-15-
185 n16

0.0% 0.26 0.01 1077 1.3 1.2 2.0 2.3

Aw-15-
185 n17

0.0% 0.19 0.02 0.018 1097 0.5 0.5 1.2 1.6 2.4 2.4

Aw-15-
185 n18

2.4% 0.19 0.021 1109 2.1 2.1

Aw-15-
185 n20

3.1% 0.18 0.02 0.018 1108 0.4 0.4 1.1 1.6 2.4 2.3

Aw-15-
185 n21

1.1% 0.20 0.01 1100 0.6 0.5 1.3 1.7

Aw-15-
185 n22

0.1% 0.20 0.017 1091 2.6 2.5

Mount Etna SVP291c
n2

3.1% 0.33 0.01 0.010 1143 1.9 1.5 2.5 2.7 2.5 2.6

SVP291c
n3

3.6% 0.25 0.01 0.016 1170 1.1 0.8 1.8 2.1 1.8 1.8

SVP291c
n4

4.5% 0.26 0.02 0.011 1157 1.0 0.8 1.6 2.2 2.1 2.2

SVP291c
n7

11.2% 0.26 0.01 0.012 1185 1.3 1.0 1.7 2.3 1.9 2.0

(continued on next page)
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Table 1 (continued)
Locality Sample PEC Fe3+/ΣFeXANES

a 2σ Fe3+/ΣFeMössbauer
b 2σ Fe3+/ΣFeEstimated

c Dv
Ol/Melt T

(°C)d
∆QFMe ∆QFMf ∆QFMg ∆QFMh ∆QFMi ∆QFMj

SVP291c
n8

6.9% 0.24 0.01 0.009 1203 1.0 0.9 1.4 2.1 2.1 2.3

SVP291c
n13

3.8% 0.25 0.01 0.009 1197 0.9 0.8 1.3 1.8 2.2 2.8

SVP291c
n18

1.5% 0.28 0.011 1180 2.0 2.1

SVP291c
n20

12.8% 0.27 0.01 1242 1.2 1.0 1.6 2.1

Locality Sample PEC Fe3+/ΣFeXANES
a 2σ Fe3+/ΣFeMössbauer

b 2σ Fe3+/ΣFeEstimated
c Dv

Ol/Melt T
(°C)d

∆QFMe ∆QFMf ∆QFMg ∆QFMh ∆QFMi ∆QFMj

Stromboli St82p-
oln52

4.7% 0.16 0.10 1138 0.03 0.2 0.6 1.2

La Sommata,
Vulcano

Som1-3 3.2% 0.30 0.01 0.005 1135 1.5 1.0 1.9 2.3 3.4 3.7
Som1-4 1.0% 0.30 0.006 1215 2.9 3.6
Som1-6 0.0% 0.35 0.01 0.006 1140 2.0 1.5 2.4 2.6 3.2 3.6
Som1-7 1.0% 0.30 0.007 1152 2.8 3.2
Som1-8 2.1% 0.29 0.005 1206 3.1 3.7
Som11 0.0% 0.36 0.01 0.005 1159 2.0 1.5 2.5 2.7 3.5 3.9
Som20 1.0% 0.44 0.27 1123 2.7 2.0 3.2 3.2

Average values Fe3+/ΣFek 2σ Dv
Ol/Melt 2σ T (°C)d 2σ ∆QFMe 2σ ∆QFMf 2σ ∆QFMg 2σ ∆QFMf 2σ ∆QFMg 2σ ∆QFMj 2σ

MORB 0.10 0.05 0.049 0.017 1228.4 46.5 -1.1 1.3 -0.8 1.0 -0.6 1.2 0.1 0.9 0.2 0.6 0.2 0.6
Reunion Island 0.10 0.01 0.028 0.001 1244.8 6.7 -0.9 0.3 -0.8 0.3 -0.7 0.4 0.5 0.3 0.8 0.0 0.9 0.0
Aoba 0.27 0.08 0.007 0.004 1183.7 106.6 1.3 0.9 1.1 0.9 1.7 1.0 2.3 1.0 3.1 0.5 3.3 0.6
Mount Meager 0.20 0.05 0.018 0.003 1094.8 20.5 0.6 0.6 0.6 0.5 1.3 0.7 1.7 0.6 2.4 0.4 2.3 0.4
La Sommata 0.36 0.10 0.006 0.002 1161.3 65.5 2.0 0.8 1.5 0.7 2.5 0.9 2.7 0.6 3.1 0.5 3.6 0.4
Arc basalts 0.26 0.14 0.009 0.010 1151.1 107.9 1.2 1.4 1.0 1.1 1.7 1.3 2.1 1.1 3.0 0.7 3.2 1.0
Mount Etna 0.27 0.05 0.011 0.004 1184.7 57.1 1.2 0.6 1.0 0.5 1.7 0.7 2.2 0.5 2.1 0.4 2.2 0.6

PEC : post-entrapment crystallization.
fO2 values relative to the QFM buffer.
a : Recalculated Fe3+/ΣFe from XANES after correction for post-entrapment processes (see section 2.3).
b : Recalculated Fe3+/ΣFe from Mössbauer after correction for post-entrapment processes (see section 2.3).
c : Fe3+/ΣFe estimated from analyzed Fe3+/ΣFe of melt inclusions from the same sample. after correction for post-entrapment processes.Values are reported for

information only and are not used in graphs. nor to derive fO2 values.d : Olivine-liquid equilibrium temperatures for PEC-corrected melt inclusions used to derive fO2 values (Putirka et al., 2007).
e : fO2 calculated from Fe3+/ΣFe of melt inclusions using the parameterization of Kress and Carmichael (1991), temperatures given in d and a pressure of 1 bar.
f : fO2 calculated from Fe3+/ΣFe of melt inclusions using the parameterization of Jayasuriya et al. (2004) and temperatures given in d.
g : fO2 calculated from Fe3+/ΣFe of melt inclusions using the parameterization of Borisov et al. (2018) and temperatures given in d.
h : fO2 calculated from Fe3+/ΣFe of melt inclusions using the parameterization of O'Neill et al. (2018).
i : fO2 calculated from DvOl/Melt using the parameterization of Mallmann and O’Neill (2013) and temperatures given in d.
j : fO2 calculated from DvOl/Melt using the parameterization of Wang et al. (2019) and temperatures given in d. NBO/T=(4 XT − 2XO)/XT, with XT and XO the atomicproportions of tetrahedron-coordinated cations and oxygen, respectively (Mysen. 2014).
k : Average Fe3+/ΣFe per locality calculated using a and b only.

3.3. Melt inclusion fO2 inferred from DvOl/Melt

As demonstrated in previous studies (e.g., Canil, 1997; Mallmann
and O’Neill, 2009), V increases in incompatibility in olivine with in-
creasing fO2. V3+ is preferentially included in igneous minerals, and as
fO2 increases more of the V is in the incompatible 4+ form. As a conse-
quence, the partition coefficient of V between olivine and silicate melt
(DvOl/Melt) decreases with increasing fO2. DvOl/Melt can thus be calibratedand used as a proxy for the fO2 of silicate melts (e.g., Canil, 1997, 2002;
Laubier et al., 2014; Mallmann and O’Neill, 2009; Mallmann and O’
Neill, 2013; Shishkina et al., 2018; Wang et al., 2019). DvOl/Melt valueswere calculated for our melt inclusions and their host olivines and are
reported in Table 1. The average DvOl/Melt values are 0.049 ± 0.017 (2σ;
n = 16) for MORBs, 0.028 ± 0.001 (2σ; n = 3) for Reunion Island and
0.011 ± 0.004 (2σ; n = 7) for Mount Etna. Arc melt inclusions display
an average DvOl/Melt of 0.007 ± 0.004 (2σ; n = 12) for Aoba, 0.018 ±
0.003 (2σ; n= 4) for Mount Meager and 0.006± 0.002 (2σ; n= 6) for
La Sommata.

DvOl/Melt were converted into fO2 values using the two calibrationsof Mallmann and O’Neill (2013) and Wang et al. (2019). Temperature

estimates come from equation 4 from Putirka et al. (2007; Table 1; ad-
ditional details in the Supplementary material). fO2 values estimatedfrom these two calibrations are in good agreement except under highly
oxidized conditions (ΔQFM > +3) where fO2 from Wang et al.
(2019)’s parameterization are slightly more oxidized (Table 1; Fig. 1b).
Both methods confirm that arc magmas are more oxidized (ΔQFM
+2.1 to +3.9 using Wang et al. (2019)’s calibration) than those from
mid-ocean ridges (ΔQFM -0.5 to +0.8) and Reunion Island (ΔQFM
+0.9). Similarly, estimated fO2 values for Mount Etna magmas rangefrom ΔQFM +1.8 to +2.8, which overlaps for the most part the range
obtained for arc magmas. The oxidation state of arc magmas is variable
from one subduction zone to another. Melt inclusions from Mount
Meager are the least oxidized with a mean fO2 of ΔQFM +2.3 ± 0.4
(2σ; n = 4) whereas the inclusions from Aoba and La Sommata have
mean fO2 values of ΔQFM +3.3 ± 0.6 (2σ; n = 12) and ΔQFM +3.6
± 0.4 (2σ; n = 6), respectively.

Although these observations are in good agreement with those ob-
tained from Fe3+/ΣFe (Gaborieau et al., 2020), we note some discrep-
ancies between the fO2 values from Fe3+/ΣFe and DvOl/Melt (Table 1; Fig.
1c). In detail we observe that fO2 values given by DvOl/Melt (Wang et al.,

6



CO
RR

EC
TE

D
PR

OO
F

M. Gaborieau et al. Chemical Geology xxx (xxxx) 121701

Fig. 1. Comparison of magmatic fO2, relative to the Quartz Fayalite Magnetitebuffer, derived from Fe3+/ΣFe of individual melt inclusions (MIs) and DvOl/Melt.(a) fO2 from Fe3+/ΣFe using Jayasuriya et al. (2004), Borisov et al. (2018) and
O’Neill et al. (2018)’s calibrations vs Kress and Carmichael (1991)’s. (b) fO2from DvOl/Melt using Mallmann and O’Neill (2013)’s calibration vs Wang et al.
(2019)’s. (c) fO2 from Fe3+/ΣFe from Kress and Carmichael (1991), Jayasuriya
et al. (2004), Borisov et al. (2018) and O’Neill et al. (2018)’s calibrations vs fO2from DvOl/Melt (Wang et al., 2019). Parameters used in the different calculations
can be found in the Supplementary material. The dashed line represents the 1:1
line. Previously published initial uncorrected compositions of MIs that we in-
cluded in our dataset are from: Laubier et al. (2007) and Laubier et al. (2012)
for major and some trace element contents of the FAMOUS zone MIs, Gaborieau
et al. (2020) and Laubier (2006) for major element contents of Reunion Island
MIs, Gaborieau et al. (2020) for major element contents of Aoba, Mount Mea-

Fig. 1.—continued
ger, Mount Etna and La Sommata MIs. All the data presented here, previously
published and new, are reported in Table S1 of the Supplementary material.
Data from melt inclusions from Round Valley Butte (Lassen) from Humphreys
et al. (2022) are reported in the graphs for comparison.
◀

2019) are consistently higher than those calculated from Fe3+/ΣFe us-
ing the calibrations of Kress and Carmichael (1991; offset ranging from
0.6 to 2.8 log units, with an average offset of 1.6) and Jayasuriya et al.
(2004; offset ranging from 0.5 to 2.9 log units, with an average offset of
1.7). The discrepancy diminishes when the parameterizations of
Borisov et al. (2018; offset ranging from 0.0 to 2.4 log units, with an av-
erage offset of 1.2) and O’Neill et al. (2018; offset ranging from -0.4 to
1.8 log units, with an average offset of 0.6) are used to calculate fO2from Fe3+/ΣFe (Fig. 1c). Such a systematic offset toward higher values
of the melt inclusion ƒO2 derived from DVOl/Melt compared to those fromFe3+/∑Fe was previously observed by Humphreys et al. (2022). We
have added data from melt inclusions from Round Valley Butte (Lassen
volcano, Cascade arc) from Humphreys et al. (2022) to Fig. 1 which are
in good agreement with our results and show that fO2 values from the
Fe3+/ΣFe proxy of O’Neill et al. (2018; Fig. 1c) are the closest to the fO2from DVOl/Melt (Wang et al., 2019).

4. Discussion

Our results show that arc magmas are more oxidized than those
from mid-ocean ridges and Reunion Island, which is in good agreement
with previously published data (e.g., Behrens and Gaillard, 2006; Berry
et al., 2018; Bézos and Humler, 2005; Birner et al., 2018; Carmichael,
1991; Christie et al., 1986; Cottrell and Kelley, 2011, 2013; Kelley and
Cottrell, 2009, 2012; O’Neill et al., 2018; Zhang et al., 2018b). In an at-
tempt to determine whether the mantle wedge is more oxidized than
the mantle generating MORBs and Reunion Island basalts, we review
the different processes that may play a role in the variability of mag-
matic fO2.

4.1. H2O and fO2 reequilibration after melt inclusion entrapment

It has been proposed that H2O loss of melt inclusions by diffusion ofH2 through host olivine may have induced the oxidation of melts fol-lowing the reaction (Danyushevsky et al., 2002; Roedder, 1979):

(1)
Gaetani et al. (2012), in agreement with Bucholz et al. (2013),

demonstrated that both H2O and fO2 of melt inclusions can be reequili-brated on the same time scale via independent mechanisms. According
to their experimental study, diffusion of H2O involves creation/de-
struction of point defects that are associated with growth/dissolution
of olivine at their interface following the reaction:

(2)

whereas fO2 is reequilibrated via the oxidation/reduction of Fe on
an octahedral site and is associated with the destruction/creation of an
octahedral site metal vacancy following the reaction (Nakamura and
Schmalzried, 1983):

(3)

where and correspond to O2- and OH- in oxygen sites,
and correspond to Fe3+ and Fe2+ in octahedral lattice sites,
corresponds to an octahedral site metal vacancy and curly brackets
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represent a cluster of point defects. Therefore, even though H2O re-
equilibration between melt inclusions and their host magmas may be a
widespread process, this process is not responsible for changes in the
oxidation state of trapped melts.

On the other hand, rapid Fe3+/ΣFe re-equilibration through oxida-
tion/reduction of Fe may lead to systematic errors. Recently,
Humphreys et al. (2022) showed a systematic offset between the fO2 de-rived from Fe3+/ΣFe and DvOl/Melt of melt inclusions from Round Valley
Butte and Mariana arc, where the fO2 derived from DvOl/Melt was system-
atically higher than the fO2 derived from Fe3+/ΣFe using various cali-
brations (Borisov et al., 2018; Jayasuriya et al., 2004; Kress and
Carmichael, 1991; O’Neill et al., 2018). As V is moderately incompati-
ble in olivine, it is unlikely to have been significantly affected by diffu-
sive reequilibration during post-entrapment processes (Cottrell et al.,
2002). The authors suggest, instead, that the modification of the
Fe3+/ΣFe of melt inclusions due to a combination of diffusive re-
equilibration of fO2 and H2O between melt inclusions and the degassedexternal melt could explain the discrepancy. In our case, as discussed in
section 3.3, the ƒO2 values calculated from DVOl/Melt are generally higherthan the values given by Fe3+/∑Fe but the offset depends on the
method used for calculating ƒO2 from Fe3+/∑Fe (Borisov et al., 2018;
Jayasuriya et al., 2004; Kress and Carmichael, 1991; O’Neill et al.,
2018). The offset is systematically the smallest when using O’Neill et al.
(2018)’s parameterization and some data points from our dataset and
Humphreys et al. (2022)’s melt inclusions fall on the one to one line in
Fig. 1c. The relatively good agreement between the fO2 derived fromDVOl/Melt and that calculated using O’Neill et al. (2018)’s Fe3+/∑Fe
proxy suggests that post-entrapment fO2 re-equilibration is not respon-
sible for the observed variability in fO2. However, because of the vari-ability in the fO2 values given by the different methods, and since ourcurrent dataset does not provide another way of determining whether
Fe3+/ΣFe re-equilibration occurred in our melt inclusions, it is not pos-
sible to completely rule out post-entrapment fO2 re-equilibration.

4.2. Magmatic processes and the oxidation state of magmas

4.2.1. The effect of volatile degassing
Volatile species, such as H2O, CO2, S and Cl, can be present in sili-cate melts. When silicate melts rise to the surface, the dissolved

volatiles can reach saturation and degas from the melt. According to
several studies, volatile degassing may affect the oxidation state of sili-
cate melts, which is then no longer representative of that of primary
melts (e.g., Bell and Simon, 2011; Candela, 1986; Humphreys et al.,
2015; Mathez, 1984; Métrich et al., 2009).

The CO2 content of our melt inclusions was undetectable by Ramanspectroscopy, which means it was below 2000 ppm. In any case, CO2degassing is a neutral reaction that does not involve charge exchange.
Consequently, it is unlikely that this process would affect the oxidation
state of silicate melts (Ballhaus, 1993; Dixon et al., 1995; Dixon and
Stolper, 1995; Stolper and Holloway, 1988).

H2O, S and Cl degassing is more likely to influence the oxidation
state of melts. According to Candela (1986) and Humphreys et al.
(2015), H2O dissociates into H2 and O2 during degassing which leadsto the oxidation of silicate melts through a reaction with Fe, similar to
that proposed by Danyushevsky et al. (2002):

(4)
Métrich et al. (2009) also demonstrated that S exsolution from an

oxidized melt (where S is present as S6+) would lead to an increase in
fO2 following the reaction:

(5)

while the exsolution of S from a reduced melt (where S is present as
S2-) would lead to further reduction following the reaction:

(6)

Finally, Bell and Simon (2011) proposed that passive degassing of a
Cl-bearing phase would cause oxidation of the melt by decreasing
Fe2+/Fe3+:

(7)
Aoba, La Sommata and Mount Etna melt inclusions show co-

variations of Cl and S that could indicate degassing (Fig. S2a of the Sup-
plementary material). We find no clear co-variation between the H2Oand the Cl or S contents of melt inclusions from the different localities
(Fig. S2b-c of the Supplementary material). Only Aoba and La Sommata
melt inclusions display a significant variation in H2O from 1.1 to 3.2
wt% and from 1.3 to 4.4 wt%, respectively.Melt inclusions from Mount
Meager and Mount Etna show a variation in S contents from 0.22 to
0.31 wt% S and 0.09 to 0.32 wt%, respectively. Since the degassing of
H2O, S and Cl represents the main cause of oxidation-reduction of mag-
mas, it is important to identify if it is the cause of the variation in these
volatiles. At Aoba and Mount Etna, Cl and S contents correlate with K2Ocontents (Fig. S3b-c of the Supplementary material). As K2O behaves asan incompatible element during fractional crystallization, the observed
positive correlations suggest that Cl and S also behave as incompatible
elements during magmatic differentiation at these two localities. There-
fore, the correlation between S and Cl in the melt inclusions from
Mount Etna and Aoba (Fig. S2a of the Supplementary material) is likely
due to the incompatible behavior of Cl and S during magmatic differen-
tiation rather than volatile degassing. This is in agreement with the ab-
sence of correlation between Fe3+/∑Fe and the volatile contents (H2O,
CO2, S, Cl) at Mount Etna, as observed by Gennaro et al. (2020), and it
indicates that there is no effect of degassing on the redox of the magmas
at Etna.

Fe3+/∑Fe ratios show a global positive correlation with H2O con-
centration (Fig. 2a) as already observed before (Gaborieau et al.,
2020; Kelley and Cottrell, 2009). The Fe3+/∑Fe ratios in arc melt in-
clusions are relatively homogeneous within inclusions from single lo-
calities and they are distinctly higher than those in MORBs or Re-
union Island. At the scale of a single volcano, only melt inclusions
from Aoba display a slight positive trend between Fe3+/ΣFe and H2O(due essentially to one data point at ~2 wt% H2O and Fe3+/ΣFe =
0.2). Fig. 2b and 2c show that our data do not show clear correla-
tions between Fe3+/∑Fe and Cl and S contents in melt inclusions. At
La Sommata however, we do observe positive trends between
Fe3+/ΣFe and S and Cl (Fig. 2b-c), but the observed trends are con-
tained within the uncertainties reported for Fe3+/ΣFe. We conclude
that even though we cannot rule out some amount of volatile de-
gassing prior to melt entrapment for La Sommata melt inclusions,
this process is unlikely to have produced a significant change in their
redox state.

4.2.2. The effect of fractional crystallization
According to previous studies (e.g., Bézos and Humler, 2005;

Christie et al., 1986; Cottrell and Kelley, 2011), the crystallization of
ferromagnesian minerals, such as olivine and pyroxene, results in an in-
crease in the proportion of Fe3+ in the melt, which leads to a slight oxi-
dation. On the contrary, crystallization of magnetite decreases the FeO*
content and Fe3+/ΣFe of the melt as magnetite incorporates twice as
much Fe3+ as Fe2+ (Jenner et al., 2010; Kelley and Cottrell, 2012). Con-
sequently, fractional crystallization can be responsible for changes in
the oxidation state of magmas.

As our melt inclusions are trapped in high-Mg olivines, the main
phase expected to crystallize and modify the proportion of Fe2+ and
Fe3+ in the melt before entrapment is olivine. Overall, the absence of a
strong correlation between Fe3+/ΣFe and the MgO contents of melt in-
clusions (Fig. 3) suggests that fractional crystallization of olivine is not
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Fig. 2. Fe3+/ΣFe vs (a) H2O, (b) Cl and (c) S contents of individual melt inclu-
sions (MIs). Error bars are reported as 2σ uncertainties (Table S1 of the Supple-
mentary material). Note that the large error bar for La Sommata arises from the
low signal to noise in Mössbauer analysis due to very thin doubly polished melt
inclusion. As Fe3+/ΣFe was not measured in the new melt inclusions from this
study, only PEC-recorrected melt inclusions from previous studies are reported
here. Their initial uncorrected major and volatile element compositions are
from: Gaborieau et al. (2020) and Laubier et al. (2007) for FAMOUS zone MIs,
Gaborieau et al. (2020) and Laubier (2006) for Reunion Island MIs and
Gaborieau et al. (2020) for Aoba, Mount Meager, Mount Etna and La Sommata
MIs (Table S1 of the Supplementary material).

the main process responsible for the variability in fO2. The only slighttrend visible in Fig. 3 is displayed by the Aoba samples . We observe
within the XANES data -which display much smaller error bars than the
Mössbauer data - an increase in Fe3+/ΣFe in the melt from 24 to 32 %
as olivine crystallizes from the melt from Fo91 to Fo85 (Fig. S4 of the

Fig. 3. Fe3+/ΣFe vs MgO (wt%) of individual melt inclusions. Error bars are 2σ
uncertainties (Table S1 of the Supplementary material). As Fe3+/ΣFe was not
measured in the new melt inclusions from this study, only PEC-recorrected melt
inclusions from previous studies are reported here. Their initial uncorrected
major and volatile element compositions are from: Gaborieau et al. (2020) and
Laubier et al. (2007) for FAMOUS zone MIs, Gaborieau et al. (2020) and
Laubier (2006) for Reunion Island MIs and Gaborieau et al. (2020) for Aoba,
Mount Meager, Mount Etna and La Sommata MIs (Table S1 of the Supplemen-
tary material).

Supplementary material). This change in Fe3+/ΣFe with olivine crystal-
lization represents in an increase in fO2 of ~ +0.6 in ΔQFM. However,
the effect of pre-entrapment crystallization of olivine on Fe3+/ΣFe
should be mostly corrected for during our reconstruction of the primary
melt compositions (see section 4.3.1).

To identify the melts that were potentially affected by pre-
entrapment fractional crystallization of other mineral phases and con-
strain their nature, the major element compositions of melt inclusions
(Table S1 of the Supplementary material) were compared with those of
whole rocks, groundmasses, matrix and glass samples from the same lo-
calities (see captions of Fig. S4 to S8 of the Supplementary material for
the references compiled from the literature). We modelled fractional
crystallization using the alphaMELTS 1.9 software (Smith and Asimow,
2005; Ghiorso and Sack, 1995) for temperatures and pressures ranging
from 1400 to 1050 °C and 1 to 10 kbar, respectively. The starting com-
positions used in our modelling correspond to those of melt inclusions
that display the highest MgO contents and for which we had measured
the H2O content. fO2 was fixed according to the values derived fromtheir Fe3+/ΣFe using the O’Neill et al. (2018)’s parameterization. H2Owas allowed to degas.

Our crystallization models for Aoba indicate that olivine is likely to
be the first phase to crystallize, followed by clinopyroxene and spinel.
The models lead to the appearance of biotite and apatite at the end of
the crystallization path for pressures ≥ 4 kbar, which has not been re-
ported in the literature (Eggins, 1993; Sorbadere et al., 2011). This sug-
gests that models of liquid lines of descent produced from 1 to 3 kbar
are more relevant to model the major element trends at Aoba (Fig. S4 of
the Supplementary material).

For Mount Etna, our models suggest that olivine crystallizes first,
followed by clinopyroxene, Cr-rich spinel (T>1170 °C) and Fe-rich
spinel at lower T. The observed mineral assemblage is in agreement
with the one reported in the literature (Kamenetsky et al., 2007). Bi-
otite and apatite appear at the end of the crystallization sequence at
high pressure (8 to 10 kbar). Apatite is also observed at 1050 °C at 1
kbar. This suggests that models of liquid lines of descent (LLDs) calcu-
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lated at 2 to 7 kbar are more relevant to model the major element trends
at Mount Etna (Fig. S5 of the Supplementary material). The pressure
range that our models provide is in good agreement with reports from
Gennaro et al. (2020) and Kamenetsky et al. (2007)who estimated min-
imum entrapment pressures for Mount Etna melt inclusions of 0.62-
2.72 kbar and 4-5 kbar respectively using H2O and CO2 concentrationsand different solubility models.

The LLDs obtained for Mount Meager are highly variable as a func-
tion of pressure. Clinopyroxene and spinel are the only phases that crys-
tallize in all models. At high pressure, our LLDs show the appearance of
garnet (9 and 10 kbar), apatite (8 to 10 kbar) and orthopyroxene (4 to
10 kbar). Olivine and plagioclase are only present at low pressure (1-3
kbar and 1-4 kbar, respectively). To be in agreement with the mineral-
ogy reported in the literature for our Mount Meager sample (Ol + Cpx
+ Pl + Mt; Mullen and Weis, 2015; Stasiuk and Russell, 1989), pres-
sures ranging from 1 to 3 kbar seem to be required (Fig. S6 of the Sup-
plementary material). This is in good agreement with the range of mini-
mum pressure of entrapment reported for Mount Meager melt inclu-
sions (1-4 kbar) in Venugopal et al. (2020a). Our models do not success-
fully reproduce the trend in Al2O3 vs MgO in the samples with MgO
contents < 4.5 wt%. We suspect that plagioclase appears earlier in the
crystallization sequence than in our models. However, as our melt in-
clusions have MgO contents (from 6.31 to 5.21 wt%) >> 4.5 wt%, we
expect that the delay in plagioclase appearance in our models does not
affect the conclusions drawn for our melt inclusions.

At Stromboli, the crystallization sequence is olivine, olivine +
clinopyroxene, and olivine+ clinopyroxene+ spinel over the pressure
range used in the calculations. At P<4 kb, spinel appears at a tempera-
ture that is close to the reported eruptive temperature (1091 °C; D’
Oriano et al., 2012) and its occurrence is in agreement with experimen-
tal results of Pichavant et al. (2009). Garnet and biotite crystallize late
in the sequence at high pressure (9-10 kbar). Apatite appears at the end
of the crystallization sequence for pressures ranging between 4 to 10
kbar. As these phases are not present in our sample, we favor LLDs at
pressures ranging from 1 to 3 kbar and T>1100 °C to reproduce the
major element trends of this locality (Fig. S7 of the Supplementary ma-
terial). This range of pressure is in relatively good agreement with the
one reported in Métrich et al. (2001, 2009; 1.9-4 kbar).

At La Sommata, clinopyroxene and spinel are the only phases to
crystallize in all the conditions we tested (Fig. S8 of the Supplementary
material) and olivine is lacking. This may be due to the fact that the ini-
tial composition is not primitive enough. However, our starting compo-
sition (Som11) is that of a melt inclusion trapped in an olivine with a
forsteritic content > 90 % which suggests that the melt is already very
primitive.

According to our fractional crystallization models, most of our arc
and Mount Etna melt inclusions were affected by crystallization of
olivine only, while twenty melt inclusions seem to have been affected
by small amounts of crystallization of olivine ± clinopyroxene ±
spinel. According to our models (Fig. S4 to S8 of the Supplementary ma-
terial), the small amounts of clinopyroxene and/or spinel crystalliza-
tion do not affect melt compositions significantly. Despite the potential
effects of early fractional crystallization on the chemical compositions
of melt inclusions, our observations indicate that fractional crystalliza-
tion alone is not responsible for the large variability in fO2.

4.3. The oxygen fugacity of primary melts

4.3.1. Reconstruction of primary melt compositions and fO2To reconstruct the compositions of primary melts, we had to correct
the melt inclusion compositions for the potential effects of pre-
entrapment fractional crystallization. Most of them required correction
for the crystallization of olivine only, and twenty for olivine ± clinopy-
roxene± spinel crystallization. According to our crystallization models
(see section 4.2.2), the amount of clinopyroxene and/or spinel does not

affect melt compositions significantly. As a consequence, we applied a
simple correction using the MIMiC program (Rasmussen et al., 2020) to
incrementally add olivine back to the compositions of melt inclusions
until they reached equilibrium with a Fo90 olivine. Reference values for
the distribution coefficient were calculated using the Toplis
(2005)’s Fe-Mg exchange model. Olivine-liquid equilibrium tempera-
tures were calculated according to Putirka et al. (2007), the pressure
was kept constant at 1 bar and Fe3+ was assumed to be perfectly incom-
patible in olivine. Therefore, only Fe2+ was added to the melt during
the correction, leading to lower Fe3+/ΣFe in primary melts compared
to Fe3+/ΣFe in PEC-corrected melt inclusions. Primary melt composi-
tions are reported in Table S6 of the Supplementary material. Primary
melt Fe3+/ΣFe ratios are reported in Table 2.

Our investigation of the effects of crystallization and degassing
processes on melt inclusion compositions showed that most of the melt
inclusions were affected by small amounts of olivine crystallization
prior to entrapment. Therefore, we assumed that the effect of pre-
entrapment crystallization on the trace element compositions of melts
is small for most incompatible elements and would not affect incompat-
ible trace element ratios, such as Zr/Nb and Ba/Th which will be used
in section 4.4. V is a moderately incompatible element in olivine and
presents a strong dependence on fO2 (see section 3.3). Here we assume
that its partition coefficient between olivine and melt (DvOl/Melt) is un-
likely to change during pre-entrapment crystallization of olivine. Thus,
we assume that the DvOl/Melt values calculated between melt inclusionsand their primitive host olivines reflect the DvOl/Melt values between pri-mary melts and mantle olivine. For these reasons, we did not attempt to
correct trace element compositions for pre-entrapment crystallization.

As for melt inclusion compositions, the fO2 of primary melts was cal-culated from Fe3+/ΣFe using the parameterizations of Kress and
Carmichael (1991), Jayasuriya et al. (2004), Borisov et al. (2018) and
O’Neill et al. (2018; Table 2) and from the DvOl/Melt values between meltinclusions and their host olivines using the parameterization of
Mallmann and O’Neill (2013) and Wang et al. (2019; Table 2).We used
the primary melt compositions to estimate the P–T conditions of melt
generation using the melt thermobarometer of Lee et al. (2009; Table
2). However, for arc and Mount Etna primary melts, we follow Cooper
et al. (2022)’s method and we apply a correction to the dry tempera-
tures calculated using Lee et al. (2009)’s thermometer as it overesti-
mates liquidus temperatures for hydrous melts. The liquidus depression
due to H2O is calculated using an equation developed by Tenner et al.
(2012; see Table 2). More details on this P-T calculation method are
given in the Supplementary material. We obtain P estimates that are ∼
1 GPa for MOR and Mount Etna, 2 GPa for Reunion Island and from 1.0
to 1.8 GPa for arcs.

In the following sections, when we report averages, they correspond
to averages of the different reconstructed primary melts for a given lo-
cality.

4.3.2. Primary melt fO2 calculated from Fe3+/ΣFe
The Fe3+/ΣFe of arc primary melts displays a range of 0.14-0.44 (n

= 19; Table 2) that is much larger and offset towards higher values
than primary melts from mid-ocean ridges (0.07-0.13; n = 5) and Re-
union Island (0.08-0.09; n = 2). This indicates that in general arc pri-
mary melts are more oxidized than those frommid-ocean ridges and Re-
union Island. Primary melts from Mount Etna display a range in
Fe3+/ΣFe ratio of 0.24-0.33 (2σ; n=7) that is comparable to that of arc
primary melts.

While primary melt fO2 calculated using Borisov et al. (2018) and
Kress and Carmichael (1991)’s calibrations are in better agreement
than for melt inclusions, an offset still exists between fO2 values derivedusing Kress and Carmichael (1991)’s calibration and those derived from
Jayasuriya et al. (2004)’s parameterization, which becomes larger un-
der oxidized conditions, and O’Neill et al. (2018)’s calibration, which
becomes larger under reduced conditions. However, our results (Table
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Table 2
Primary melt fO2 calculated from Fe3+/ΣFe and DvOl/Melt.
Setting Sample Fe3+/ΣFeXANES

a 2σ Fe3+/ΣFeMössbauer
b 2σ Fe3+/

ΣFe
Estimated

c

Dv
Ol/Melt T

(°C)d
P
(GPa)d

∆QFMe ∆QFMf ∆QFMg ∆QFMh ∆QFMi ∆QFMj

Famous zone ALV519-2-3-
Ol1

0.13 0.058 1313 1.0 -0.3 -0.3

ALV519-2-3-
Ol7

0.12 0.061 1310 0.9 -0.4 -0.4

ALV519-2-3-
Ol10B

0.13 0.046 1324 1.0 0.0 0.0

ALV519-4-1-
Ol4

0.12 0.070 1325 0.9 -0.7 -0.7

ALV519-4-1-
Ol7

0.10 0.052 1332 1.1 -0.2 -0.2

ALV527-1-Ol3 0.11 0.053 1350 1.3 -0.4 -0.4
ARP73-10-03-
ol10

0.11 0.01 0.038 1348 1.0 -0.6 -0.4 -0.5 0.4 0.3 0.2

ARP73-10-03-
ol13

0.08 0.05 0.040 1354 1.1 -1.3 -0.9 -1.1 -0.1 0.1 0.0

ARP13 0.09 0.01 0.045 1355 1.0 -1.0 -0.7 -0.9 0.1 -0.1 -0.1
Gakkel Ridge GAK-A5 0.07 0.07 0.039 1314 1.1 -1.9 -1.4 -1.6 -0.6 0.2 0.2

GAK-C2 0.13 0.038 1296 1.1 0.4 0.4
GAK-F6 0.09 0.050 1308 0.9 -0.1 -0.1
GAK-G2 0.13 0.01 0.046 1313 1.3 0.0 0.1 0.1 0.8 0.0 0.1
GAK-G5 0.12 0.053 1337 1.3 -0.3 -0.3
GAK-G6 0.12 0.044 1340 1.4 0.0 0.0
GAK-G7 0.12 0.048 1317 1.3 -0.1 0.0

Piton de la
Fournaise

CAI1-B2-1 0.09 0.028 1422 1.9 0.2 0.1
CAI3-E5 0.09 0.15 0.028 1420 1.8 -0.7 -0.5 -1.0 0.5 0.3 0.2
CAI4-A3 0.08 0.01 0.028 1420 1.9 -1.0 -0.8 -1.3 0.2 0.2 0.2

Aoba Ao8-DP 0.20 0.004 1273 1.4 3.6 3.9
Ao15-5 0.17 0.10 0.007 1292 1.3 0.4 0.3 0.5 1.3 2.7 2.8
Ao15-12 (c) 0.25 0.006 1265 1.2 3.0 3.3
Ao17-D4 0.28 0.01 0.006 1258 1.3 1.5 1.9 1.8 3.2 2.9 3.1
Ao17-D6 0.26 0.01 0.005 1272 1.8 1.4 1.1 1.4 2.0 2.9 3.2
Ao-C8 0.16 0.009 1357 1.6 2.1 2.2
Ao-T8 0.27 0.01 0.006 1228 1.4 1.5 1.1 1.6 2.1 3.0 3.3
Ao2T-T1 0.24 0.01 0.006 1285 1.3 1.3 0.9 1.3 2.0 2.8 3.2
Ao2T-T3 0.27 0.01 0.006 1259 1.2 1.8 1.5 1.8 2.4 3.2 3.2
Ao2T-T9 0.28 0.01 0.009 1263 1.4 1.9 1.5 1.8 2.4 2.3 2.4
Ao2T-T16-1 0.25 0.01 0.011 1250 1.1 1.5 1.2 1.6 2.1 2.2 2.3
Ao2T-T16-2 0.25 0.009 1260 1.3 2.5 2.6

Mount Meager Aw-15-185
n10

0.15 0.01 1231 1.2 0.2 0.4 0.5 1.3

Aw-15-185
n11

0.15 0.01 1242 1.2 0.3 0.4 0.5 1.4

Aw-15-185
n16

0.22 0.01 1206 1.1 1.2 1.1 1.5 2.1

Aw-15-185
n17

0.16 0.02 0.018 1247 1.3 0.4 0.5 0.5 1.3 1.6 1.7

Aw-15-185
n18

0.16 0.021 1263 1.4 1.3 1.3

Aw-15-185
n20

0.14 0.01 0.018 1304 1.5 0.3 0.3 0.2 1.3 1.4 1.4

Aw-15-185
n21

0.16 0.01 1278 1.4 0.5 0.5 0.5 1.4

Aw-15-185
n22

0.17 0.017 1240 1.2 1.7 1.8

Mount Etna SVP291c n2 0.33 0.01 0.010 1164 0.9 2.0 1.6 2.4 2.7 2.5 2.5
SVP291c n3 0.25 0.01 0.016 1184 0.7 1.2 0.9 1.7 2.1 1.8 1.7
SVP291c n4 0.26 0.02 0.011 1189 0.9 1.1 0.9 1.6 2.2 2.0 2.1
SVP291c n7 0.26 0.01 0.012 1223 1.1 1.4 1.1 1.7 2.3 1.8 1.8
SVP291c n8 0.24 0.01 0.009 1253 1.4 1.2 1.0 1.3 2.1 2.1 2.1
SVP291c n13 0.25 0.01 0.009 1205 1.3 1.0 0.8 1.3 1.8 2.1 2.7
SVP291c n18 0.28 0.011 1216 1.2 2.0 2.0
SVP291c n20 0.27 0.01 1208 0.8 1.3 0.9 1.7 2.1

Setting Sample Fe3+/ΣFeXANES
a 2σ Fe3+/ΣFeMössbauer

b 2σ Fe3+/ΣFe
Estimated

c
Dv

Ol/Melt T (°C)d P (GPa)d ∆QFMe ∆QFMf ∆QFMg ∆QFMh ∆QFMi ∆QFMj

Stromboli St82p-oln52 0.15 0.08 1219 1.3 0.1 0.3 0.3 1.2
(continued on next page)
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Table 2 (continued)
Setting Sample Fe3+/ΣFeXANES

a 2σ Fe3+/ΣFeMössbauer
b 2σ Fe3+/ΣFe

Estimated
c

Dv
Ol/Melt T (°C)d P (GPa)d ∆QFMe ∆QFMf ∆QFMg ∆QFMh ∆QFMi ∆QFMj

La Sommata Som1-3 0.28 0.01 0.005 1226 1.5 1.6 1.1 1.6 2.2 3.1 3.3
Som1-4 0.30 0.006 1169 1.0 3.0 3.8
Som1-6 0.34 0.01 0.006 1180 1.3 2.1 1.6 2.3 2.6 3.1 3.4
Som1-7 0.28 0.007 1224 1.2 2.6 2.9
Som1-8 0.29 0.005 1257 1.1 3.0 3.5
Som11 0.36 0.01 0.005 1192 1.0 2.1 1.6 2.4 2.7 3.4 3.8
Som n20 0.44 0.27 1154 1.0 2.8 2.1 3.1 3.2

Averaged values calculated
from individual melt
inclusions

Fe3+/
ΣFek

2σ Dv
Ol/Melt 2σ T

(°C)d
2σ P

(GPa)d
2σ ∆QFMe 2σ ∆QFMf 2σ ∆QFMg 2σ ∆QFMh 2σ ∆QFMi 2σ ∆QFMj 2σ

MORB 0.10 0.05 0.049 0.017 1327.3 35.5 1.1 0.3 -1.0 1.3 -0.7 1.0 -0.8 1.1 0.1 0.9 -0.1 0.5 -0.1 0.5
Reunion Island 0.09 0.01 0.028 0.001 1420.7 1.9 1.9 0.1 -0.9 0.3 -0.7 0.3 -1.2 0.3 0.3 0.3 0.2 0.0 0.2 0.1
Aoba 0.25 0.07 0.007 0.004 1271.8 60.3 1.4 0.4 1.4 0.8 1.2 0.9 1.5 0.8 2.2 1.0 2.8 0.8 3.0 1.0
Mount Meager 0.16 0.05 0.018 0.003 1251.4 56.5 1.3 0.3 0.5 0.6 0.5 0.5 0.6 0.8 1.5 0.6 1.5 0.3 1.5 0.4
La Sommata 0.35 0.11 0.006 0.002 1200.3 68.0 1.2 0.3 2.2 0.9 1.6 0.7 2.4 1.1 2.7 0.7 3.0 0.5 3.5 0.6
Arc basalts 0.24 0.16 0.009 0.010 1246.2 83.6 1.3 0.4 1.2 1.5 1.0 1.1 1.3 1.6 2.0 1.3 2.6 1.2 2.8 1.5
Mount Etna 0.27 0.05 0.011 0.004 1205.3 50.5 1.1 0.5 1.3 0.6 1.0 0.5 1.7 0.7 2.2 0.5 2.0 0.4 2.1 0.7

fO2 values are given relative to the QFM buffer.
a : Recalculated Fe3+/ΣFe of primary melts from XANES (see section 2.3 and 4.3.1).
b : Recalculated Fe3+/ΣFe of primary melts from Mössbauer (see section 2.3 and 4.3.1).
c : Estimated Fe3+/ΣFe of primary melts (see section 4.3.1). Values are reported for information only and are not used in graphs, nor to derive fO2 values.d : Primary pressure and temperature conditions calculated from Lee et al. (2009); P is from the Lee barometer using hydrous primary melt compositions; For arc

melts, T is from the Lee thermometer using anhydrous primary melt compositions and correcting for primary H2O contents using the expression from Tenner et al.
(2012): - ∆T = 0.0221(H2O)^3-1.3543(H2O)^2+32.256(H2O)
e : fO2 calculated from Fe3+/ΣFe of primary melts using the parameterization of Kress and Carmichael (1991), temperatures and pressures given in d.
f : fO2 calculated from Fe3+/ΣFe of primary melts using the parameterization of Jayasuriya et al. (2004) and temperatures given in d.
g : fO2 calculated from Fe3+/ΣFe of primary melts using the parameterization of Borisov et al. (2018) and temperatures given in d.
h : fO2 calculated from Fe3+/ΣFe of primary melts using the parameterization of O’Neill et al. (2018).
i : fO2 calculated from DvOl/Melt using the parameterization of Mallmann and O’Neill (2013) and temperatures given in d.
j : fO2 calculated from DvOl/Melt using the parameterization of Wang et al. (2019) and temperatures given in d.
k : Average Fe3+/ΣFe per locality calculated using a and b only.

2) show that arc primary melts are indeed more oxidized than those
from mid-ocean ridges and Reunion Island. The variability in fO2 thatwe observed within the population of arc melt inclusions is still visible
within arc primary melts: i.e., primary melts from Stromboli and Mount
Meager are the least oxidized melts whereas those from La Sommata
are the most oxidized. Primary melts from Aoba record intermediate re-
dox conditions. The fO2 recorded by Reunion island primary melts
(ΔQFM -1.2 to +0.3 depending on the Fe3+/ΣFe proxy) is particularly
reduced compared to other OIB primary melts, which is in agreement
with the recent data from Brounce et al. (2022) and Nicklas et al.
(2022b): our fO2 values are comparable to those reported for the pri-mary melts of the 2005 Piton de la Fournaise eruption by Brounce et al.
(2022; ΔQFM = – 0.2 to 0.0; calculated using Kress and Carmichael
(1991)’s proxy at 3 GPa, 1400 °C) and overlap the Nicklas et al. (2022b)
fO2 value for uncontaminated Reunion Island lavas.

4.3.3. Primary melt fO2 inferred from DvOl/MeltAs discussed in section 4.3.1. we assume that the DvOl/Melt values cal-culated between melt inclusions and their host olivines reflect the
DvOl/Melt values between primary melts and mantle olivine. As for meltinclusions, fO2 values estimated using Mallmann and O’Neill (2013)
and Wang et al. (2019; Table 2)’s parameterizations are in good agree-
ment except under oxidized conditions (fO2 > 2.5) where the fO2 val-ues derived fromWang et al. (2019)’s parameterization tend to be more
oxidized (Table 2). Both models show that arc primary melts are more
oxidized (ΔQFM +1.3 to +3.9 using Wang et al. (2019)’s proxy) than
those from mid-ocean ridges (ΔQFM -0.7 to +0.4) and Reunion Island
(ΔQFM +0.1 to +0.2). Primary melts from Mount Etna have a mean
fO2 of ΔQFM +2.1 ± 0.7 (2σ; n = 7). Of the arc primary melts, those
from Mount Meager are the least oxidized (ΔQFM+1.5± 0.4; 2σ; n=
4) whereas those from La Sommata are the most oxidized (ΔQFM +3.5

± 0.6; 2σ; n = 6). Primary melts from Aoba display an intermediate
fO2 (ΔQFM +3.0 ± 1.0; 2σ; n = 12). Primary melt fO2 data fromDvOl/Melt (Table 2) best agree with the values calculated from Fe3+/ΣFe
when using O’Neill et al. (2018)’s calibration. The fO2 values fromDvOl/Melt agree partially with the values derived from Borisov et al.
(2018)’s Fe3+/ΣFe proxy, and are systematically higher than those cal-
culated from Kress and Carmichael (1991) and Jayasuriya et al.
(2004)’s parameterizations (average offset of +1.2 and +1.3 log units,
respectively).

As previously mentioned in section 4.1, experimental data clearly
shows that the Fe3+/ΣFe of melt inclusions can be reequilibrated on
very short timescales of a few hours (Bucholz et al., 2013; Gaetani et al.,
2012). As volcanic degassing has been shown to be a reducing process
(e.g., Brounce et al., 2017; Hartley et al., 2017;Moussallam et al., 2014,
2016, 2019), the use of the Fe3+/ΣFe proxy may lead to an underesti-
mation of the ƒO2 of the mantle sources of melt inclusions because of thefast re-equilibration of melt inclusion Fe3+/ΣFe with that of a degassed
host magma (Humphreys et al., 2022). Diffusion of vanadium through
the host olivine, on the other hand, is expected to be much slower (hun-
dreds to thousands of years; Cottrell et al., 2002; Qin et al., 1992) and
DvOl/Melt is therefore thought to provide a more faithful record of the ƒO2at the time of melt inclusion formation (Humphreys et al., 2022).

4.3.4. Other redox-sensitive proxies and fO2 of primary meltsAs the partition coefficient of V between minerals and melts changes
with changing fO2, it has been proposed that ratios involving V and amonovalent element (e.g., V/Sc, V/Ga; Lee et al., 2005; Li and Lee,
2004; Mallmann and O’Neill, 2009) could be used as redox-sensitive
proxies. Such ratios can be particularly useful in samples where min-
eral/glass pairs are not available and the Dv oximeter can therefore notbe used. Thus, V/Sc ratios of melts have been widely used as a redox
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proxy (e.g., Lee et al., 2005; Li and Lee, 2004; Mallmann and O’Neill,
2009). However, the V/Sc ratio of a melt can be significantly affected
by crystallization of clinopyroxene and the use of this ratio has to be re-
stricted to magmas that have not crystallized this mineral phase
(Laubier et al., 2014; Mallmann and O’Neill, 2009). Laubier et al.
(2014) promoted the use of V/Yb instead in order to estimate the redox
state of mafic magmas as Yb concentration is not significantly affected
by mineral crystallization.

Still, unlike Fe3+/ΣFe and DvOl/Melt, V/Sc and V/Yb do not allow a di-
rect calculation of the fO2 of primary melts. Previous studies have
demonstrated that V/Sc and V/Yb in melts are a function of the redox
state of the mantle, its initial V/Sc and V/Yb, its mineralogy (Lee et al.,
2005) and degree of melting (F; Laubier et al., 2014; Lee et al., 2005; Li
and Lee, 2004; Mallmann and O’Neill, 2009). Therefore, we need to
carefully estimate the mantle mineralogy, its initial composition and
the degree of melting (F) before we can use these ratios as redox sen-
sors, as these parameters will affect V/Sc and V/Yb in melts.

In our dataset, melt inclusions from Reunion Island and Etna, with
Dy/Yb of 2.5 ± 0.1 (2σ; n = 3) and 2.9 ± 1.7 (2σ; n = 6) respectively,
clearly show evidence of residual garnet in their mantle source (i.e.,
Dy/Yb >2), which precludes the use of the V/Yb and V/Y proxies
(Laubier et al., 2014; Lee et al., 2005; Li and Lee, 2004; Mallmann and
O’Neill, 2009). If we restrict our comparison to melts derived from a
spinel lherzolite source, we find a distinct difference in V/Yb between
MORB and Aoba melt inclusions (both clearly representative of melts
derived from a spinel-bearing source with Dy/Yb < 2) with average ra-
tios of 92 ± 56 (2σ; n = 16) and 238 ± 58 (2σ; n = 12) respectively.
Melt inclusions from La Sommata and Mount Meager (with Dy/Yb close
to 2) also display higher average V/Yb values than MORBs: 207 ± 65
(2σ; n = 6) for La Sommata and 139 ± 26 (2σ; n = 4) for Mount Mea-
ger. Similar observations can be made for V/Y: 10 ± 7 (2σ; n = 16) for
MORBs, 25 ± 5 (2σ; n = 12) for Aoba, 21 ± 3 (2σ; n = 6) for La Som-
mata and 13 ± 2 (2σ; n = 4) for Mount Meager.

To a certain extent, the V/Sc proxy is also difficult to use when one
needs to compare melts derived from a garnet-bearing source (Reunion
Island, Mount Etna) and melts derived from a spinel-bearing mantle
source (MORB, Aoba, La Sommata,Mount Meager): the partitioning be-
haviour of V during mantle melting strongly depends on the presence
and the amount of residual spinel or garnet in the source: V is highly
compatible in spinel and garnet at reducing conditions and becomes in-
compatible around fO2 ≃ QFM-1 to ΔQFM +1 depending on the min-
eral (spinel or garnet) and its composition (e.g., Canil, 2002; Mallmann
and O’Neill, 2013; Righter et al., 2006, 2011).

In order to be able to use those proxies as redox sensors, we need to
produce mantle melting models that describe the variability of V/Sc
and V/Yb in melts. To establish a mantle-melting model relevant for
this study, we need to constrain (1) the melting extent at each locality,
(2) the temperature and pressure conditions of melting, (3) the mantle
source composition and mineralogy, (4) the melting reaction and (5)
the parameterization of the partition coefficient values for Sc, V and Yb
as a function of P, T, and fO2 for each mineral phase. Some parameters,such as temperature and pressure during melting, can be easily esti-
mated (e.g., Herzberg and Asimow, 2015; Lee et al., 2009; Putirka,
2005). However, estimating the other parameters can be more chal-
lenging. The estimation of the mantle source composition and its miner-
alogy is difficult for some localities such as Aoba (e.g., Métrich and
Deloule, 2014; Peate et al., 1997; Sorbadere et al., 2011) and Mount
Etna (e.g., Casetta et al., 2020; Kamenetsky et al., 2007) where the
mantle appears to be heterogeneous and/or composed of a more com-
plex mineral assemblage with the potential presence of pyroxenite in
the source. Our attempts at modelling V/Yb and V/Sc in melts as a func-
tion of F and fO2 have taught us that the fO2 derived from the V/Yb and
V/Sc ratios in our melting models would be associated with very large
uncertainties, especially for high degrees of melting where V/Sc and V/
Yb ratios show only small variations with fO2 (Bucholz and Kelemen,

2019; Laubier et al., 2014; Lee et al., 2005). Consequently, the use of
these redox-sensitive proxies has to be limited to samples for which
these parameters are well constrained. As the model parameters are un-
der-constrained for most of our samples, V/Sc and V/Yb cannot be used
to derive the ƒO2 of the mantle sources of the present melt inclusions.

4.4. fO2 variability between the different geological settings

Oxygen fugacity values derived from Fe3+/ΣFe and DvOl/Melt of ourmelt inclusions show that arc magmas are more oxidized than MORB
and Reunion Island magmas. We have concluded that the fO2 of ourmelt inclusions was not significantly affected by volatile degassing
prior to entrapment. After reconstruction of primary melt compositions,
our results show that arc primary melts are still more oxidized than the
ones at mid-ocean ridges and Reunion Island. This observation implies
that the variation in fO2 between the different geological settings is notonly due to secondary processes affecting melts during their ascent to
the surface and is most likely be inherited from the mantle. We will ex-
plore this hypothesis below.

4.4.1. Effect of the enrichment/depletion of the ambient mantle
The Zr/Nb of melts is assumed to be a good indicator of the ambient

mantle enrichment/depletion (Pearce and Peate, 1995). Zr and Nb are
both fluid-immobile elements and the Zr/Nb ratio of melts is only little
affected by fractional crystallization and variable melting extents
(Pearce and Peate, 1995; Zheng, 2019). Nb is slightly more incompati-
ble than Zr during mantle melting. Therefore, melting of a fertile man-
tle will generate primary melts with low Zr/Nb whereas subsequent
melting events will generate primary melts with progressively higher
Zr/Nb. We can therefore safely assume that Zr/Nb of melt inclusions
will reflect the mantle source composition or fertility, independent of
slab-derived additions to the sub-arc mantle.

The comparison of Zr/Nb of primary melts from the different locali-
ties allows us to highlight variations in the enrichment/depletion de-
gree of the mantle source regions that generated the various melts. We
observe that, in agreement with previous published data (Mullen and
Weis, 2015; Pinarelli et al., 2019; Rose-Koga et al., 2012; Valer et al.,
2017), the mantle sources of Reunion Island, Mount Meager and La
Sommata primary melts are enriched compared to the depleted MORB
mantle with Zr/Nb ratios of 9.5 ± 1.5 (2σ; n = 3) for Reunion Island,
12.6± 1.5 (2σ; n= 4) for Mount Meager, 13.1± 3.5 (2σ; n= 6) for La
Sommata and 39.0 ± 64.9 (2σ; n = 16) for MORB mantle. The mantle
source of Aoba primary melts is highly depleted (Zr/Nb of 44.3± 13.8;
2σ; n = 12) as previously suggested from the hydrogen (δD) and boron
(δ11B) isotopic compositions of olivine-hosted melt inclusions (Métrich
and Deloule, 2014). The mantle source of Mount Etna is the most en-
riched (Zr/Nb of 4.7 ± 3.3; 2σ; n = 7), while the mantle sources be-
neath the FAMOUS zone and the Gakkel Ridge seem to be rather hetero-
geneous according to their variable Zr/Nb (23.2 ± 35.6, n = 9 and
59.3 ± 71.2; n = 7, respectively). In order to evaluate the cause of ele-
vated fO2 in the sub-arc mantle, we first need to check for a correlation
between a tracer of mantle source composition such as Zr/Nb and pri-
mary fO2. As shown in Fig. 4, the oxygen fugacity of the primary melts
does not correlate with their Zr/Nb ratio, which indicates that mantle
source depletion due to previous melt extraction events does not con-
tribute to the elevated fO2 of arc primary melts.

4.4.2. Effect of the addition of slab-derived material
As previously observed in section 4.2.1., the population of melt in-

clusions from Aoba is the only one that displays a slight positive trend
between Fe3+/ΣFe and H2O at the scale of a single volcano. However,
on a global scale, we observe a global positive correlation between
Fe3+/∑Fe and H2O, similar to the one reported by Kelley and Cottrell
(2009), and interpretated as an increase in the oxidation state of the
mantle beneath arcs because of subduction processes. Our results show
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Fig. 4. Primary melt (PM) fO2 derived from DvOl/Melt using the parameterizationof Wang et al. (2019) vs primary melt Zr/Nb (Table S6 of the Supplementary
material). Details on the parameters used in the equations can be found in the
Supplementary material. Primary melt compositions were reconstructed as pre-
sented in section 4.3.1. from the new melt inclusion (MIs) compositions from
this study and from MIs compositions from previous studies and included in our
dataset after being recorrected for PEC. Previously published compositions of
MIs that we included in our dataset are from: Laubier et al. (2007) and Laubier
et al. (2012) for major and some trace element contents of the FAMOUS zone
MIs, Gaborieau et al. (2020) and Laubier (2006) for major element contents of
Reunion Island MIs, Gaborieau et al. (2020) for major element contents of
Aoba, Mount Meager, Mount Etna and La Sommata MIs (Tables S1 and S5 of
the Supplementary material).

that the fO2 values derived from Fe3+/ΣFe ratios of primary melts also
correlate positively with their H2O contents (Fig. 5a), suggesting that
variations in fO2 may be effectively due to the effects of subductionprocesses on the oxidation state of the sub-arc mantle. This observation
should however be nuanced as (1) fO2 values derived from DvOl/Melt ofprimary melts does not correlate with their H2O contents for all locali-
ties (Fig. 5b) and (2) Stolper et al. (2020) recently demonstrated that
pressure- and temperature-dependent phase equilibria can lead to sys-
tematic variations in the fO2 of peridotites and these effects are likely tobe superimposed on variations in fO2 that reflect differences in the
whole-rock Fe3+/ΣFe ratios of peridotites.

Trace element patterns of Aoba, Mount Meager, La Sommata and
Mount Etna melts display an arc-like signature characterized by an en-
richment in LILE (i.e., Rb, Ba and Sr) relative to HREE (i.e., Tb to Lu)
and negative anomalies in immobile-fluid elements (i.e., Nb, Ta, Zr, Hf;
Fig. 6 and Fig. S9 of the Supplementary material; e.g., Hawkesworth et
al., 1997; Kelemen et al., 2014; Pearce et al., 2005; Zheng, 2019 and
references therein). According to Zheng (2019) and references therein,
an enrichment in LILE (e.g., Rb, Ba and Sr) and Pb in arc magmas rela-
tive to MORB indicates percolation of an aqueous fluid derived from the
dehydration of the subducting plate into the mantle wedge. In contrast,
an enrichment in Th and LREE (i.e., La to Gd) in arc magmas relative to
MORB can be ascribed to the flux of hydrous silicate melts into the man-
tle wedge and is often linked to a contribution from seafloor sediments
(e.g., Class et al., 2000; Elliott et al., 1997; Plank and Langmuir, 1993).

As aqueous fluids derived from the dehydration of the slab would be
preferentially enriched in LILE while hydrous silicate melts would be
enriched in both LILE and fluid-immobile elements, Turner and
Hawkesworth (1997) and Narvaez et al. (2018) proposed that Ba/Th
and Sr/Th in primary melts can be used to discriminate between the
contributions of fluids vs sediment-related melts. In a Ba/Th vs
(La/Yb)N plot (Fig. 7; also see Sr/Th vs (La/Yb)N in Fig. S10 of the Sup-

Fig. 5. Primary melt (PM) fO2 calculated from (a) Fe3+/ΣFe using the para-
meterization of O’Neill et al. (2018) and (b) DvOl/Melt using Wang et al.
(2019)’s parameterization (Table 2) vs H2O (wt%). Error bars are reported as
2σ uncertainties (Table S6 of the Supplementary material). Previously pub-
lished compositions of MIs that we included in our dataset and recorrected for
PEC are from: Laubier et al. (2007) and Laubier et al. (2012) for major and
some trace element contents of the FAMOUS zone MIs, Gaborieau et al.
(2020) and Laubier (2006) for major element contents of Reunion Island MIs,
Gaborieau et al. (2020) for major element contents of Aoba, Mount Meager,
Mount Etna and La Sommata MIs (Tables S1 and S5 of the Supplementary ma-
terial).

plementary material), melts display variable enrichments in Ba over Th
and (La/Yb)N. The enrichment in Ba in the melts from Aoba and Mount
Meager suggests that the mantle wedge in these localities was metasom-
atized mainly by aqueous fluids. In contrast, the relatively low Ba/Th
ratios in the primary melts of La Sommata (Fig. 7) and Mount Etna sug-
gest that sediment melts may play a role in these two localities.

In order to constrain the influence of slab-derived fluids and sedi-
ment-derived melts on the oxidation state of the mantle at the various
localities studied here, we investigated the co-variations of key trace el-
ement ratios such as Ba/La and Th/La and fO2. In the Marianas, the lackof correlation between Th/La and fO2 along with the presence of a cor-relation between Ba/La and fO2 was interpreted by Brounce et al.
(2014) as the evidence of a slab-derived fluid acting as the main oxidiz-
ing agent of the mantle wedge. In our case, the Th/La ratios of arc and
Mount Etna primary melts tend to overlap those of MOR primary melts
within the 2σ error (Fig. 8a). When average ratios for each locality are
used,we observe that La Sommata has a slightly higher Th/La that is as-
sociated with a high fO2 (Fig 8a), which supports the hypothesis of a
sediment melt contribution to the mantle wedge at this locality. The in-
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Fig. 6. Primitive mantle-normalized trace element compositions of average
primary melts from the FAMOUS zone, Gakkel Ridge, Reunion Island, Aoba,
Mount Meager, La Sommata and Mount Etna. Normalization was performed
using McDonough and Sun (1995)'s primitive mantle composition. Primary
melts are compared to reference compositions of E-MORB (dashed black line),
N-MORB (dotted black line) and OIB (solid black line) from Sun and
McDonough (1989).

Fig. 7. Ba/Th vs (La/Yb)N of individual primary melts. (La/Yb)N corresponds tothe La/Yb ratio of primary melts normalized to primitive mantle values
(McDonough and Sun, 1995). Primary melt compositions were reconstructed as
presented in section 4.3.1. from the new melt inclusion (MIs) compositions
from this study and from MIs compositions from previous studies and included
in our dataset after being recorrected for PEC (Table S6 of the Supplementary
material). Previously published compositions of MIs that we included in our
dataset are from: Laubier et al. (2007) and Laubier et al. (2012) for major and
some trace element contents of the FAMOUS zone MIs, Gaborieau et al. (2020)
and Laubier (2006) for major element contents of Reunion Island MIs,
Gaborieau et al. (2020) for major element contents of Aoba, Mount Meager,
Mount Etna and La Sommata MIs (Table S1 of the Supplementary material).

termediate values in Ba/La for La Sommata melts (Fig. 8b) seem to im-
ply that aqueous fluids also participate in the metasomatism of the
mantle wedge. The study of Pb isotope and F/Nd-Cl/Nb systematics in
melt inclusions from Southern Italy (Aeolian arc and Etna in particular)
by Rose-Koga et al. (2012) showed that La Sommata magmas were the
richest in the slab component. According to De Astis et al. (2000),
Francalanci et al. (2007) and Rose-Koga et al. (2012), the slab input at
La Sommata is composed of a mix of sediment melts and aqueous fluids,
which seems to agree with our observations. The corelation between

Fig. 8. fO2 derived from DvOl/Melt using Wang et al. (2019)’s parameterization
(Table 2) vs (a) Th/La, (b) Ba/La and (c) Ba/Th ratios of individual primary
melts and averaged primary melts from each locality. Error bars are reported as
2σ uncertainties (Table S6 of the Supplementary material). Primary melt com-
positions were reconstructed as presented in section 4.3.1. from the new melt
inclusion (MIs) compositions from this study and from MIs compositions from
previous studies and included in our dataset after being recorrected for PEC.
Previously published compositions of MIs that we included in our dataset are
from: Laubier et al. (2007) and Laubier et al. (2012) for major and some trace
element contents of the FAMOUS zone MIs, Gaborieau et al. (2020) and Laubier
(2006) for major element contents of Reunion Island MIs, Gaborieau et al.
(2020) for major element contents of Aoba, Mount Meager, Mount Etna and La
Sommata MIs (Table S1 of the Supplementary material). Primary melt averages
for each locality correspond to averages of individual primary melts. Also re-
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Fig. 8.—continued
ported are the average compositions of Mariana arc primary melts from
Brounce et al. (2014).
◀

Th/La and fO2 (Fig. 8a) suggests a direct link between the metasoma-
tism of the mantle wedge by sediment melts and the oxidized character
of the primary melts at La Sommata. Mount Etna primary melts on the
other hand do not display distinctively high Th/La ratios compared to
the other arcs (Fig 8a) and their high La/Yb ratios are not associated
with the highest values of fO2 (Fig. S11 of the Supplementary material).
Furthermore, the high La/Yb ratios are associated with very high Dy/
Yb ratios (2.2-4.4): this suggests a strong effect of residual garnet which
may limit the use of La/Yb as a tracer of sediment melt input. These ob-
servations do not support the presence of a sediment melt as the main
oxidizing agent at Mount Etna. In the literature, the characteristics of
the mantle source at Mount Etna are still debated. The combination of
the slight negative anomalies in fluid-immobile elements (i.e., Nb, Ta,
Zr, Hf,) the relative enrichment in LILE (i.e., K, Ba, Rb) and LREE, the
radiogenic Sr signature and a high δ11B signature of the magmas was
first explained by metasomatism of the mantle source by slab-derived
fluids (e.g., Coltelli et al., 2005; Kamenetsky et al., 2007; Schiano et al.,
2001; Tonarini et al., 2001). More recently, several studies have pro-
posed that, in addition to the contamination of the mantle by fluids, the
geochemical heterogeneity of the mantle reflects previous events of
metasomatism by primitive melts (now potentially present in the
source as pyroxenitic veins; e.g., Correale et al., 2014; Corsaro and
Métrich, 2016; Viccaro et al., 2011; Viccaro and Cristofolini, 2008).
The presence of sediment melts acting as the main metasomatic agents
has therefore not been proposed for Etna. Despite elevated H2O concen-
trations typical of arc magmas, the low Ba/La, Ba/Th and Ba/Nb ratios
in our Etna primary melts do not call for a large input from slab-derived
fluids. Therefore, with our current observations, we are not able to con-
strain the origin of the oxidation of the mantle beneath Etna.

At Aoba, the high Ba/La ratios likely reflect the prevalence of aque-
ous fluids in the slab input, which agrees with the involvement of fluids
derived from serpentinites in the slab fluids proposed by Métrich and
Deloule (2014) and Manzini et al. (2017). The high Ba/La, high Ba/Th
signatures and associated elevated fO2 values in the primary melts fromAoba (Fig. 8b-c) suggest that the serpentine-derived fluids may be re-
sponsible for the oxidation of the arc source. At Mount Meager, a sedi-
ment input seems unlikely as Th/La ratios are low and comparable to
some of our MORB data (Fig. 8a). This observation is in good agreement
with Mullen and Weis (2015) who demonstrated that the sediment in-
put is absent in the Mount Meager source (Th/La overlapping MORB
and OIB values; low deviation of the 208Pb/204Pb of GVB basalts from
MORB values) while elevated Ba/Nb and Pb/Ce and low Nb/Nb⁎ sug-
gest the influence of fluids derived from the altered oceanic crust. In the
case of Mount Meager, the subduction input seems to be smaller than at
Aoba and La Sommata (lower H2O concentrations and lower Ba/La, Ba/Nb and Ba/Th) which may explain the generally lower fO2 recorded inthe primary melts of Mount Meager.

5. Conclusions

In the present study, we estimated the oxygen fugacity of high-Mg
olivine-hosted melt inclusions from various mid-ocean ridges (FAMOUS
zone, Gakkel Ridge) and arcs (Aoba, Mount Meager, La Sommata,
Stromboli), from one hot spot (Reunion Island) and Mount Etna using
two fO2 proxies: the Fe3+/ΣFe of melts and the partition coefficient of V
between olivine and melt (DvOl/Melt). Despite a discrepancy between theabsolute fO2 values derived from the two proxies, our results indicate
that Mount Etna and arc magmas are more oxidized than those from
mid-ocean ridges and the Reunion hot spot.

In an attempt to determine whether the mantle wedge is more oxi-
dized than the mantle generating MORBs and OIBs, we reviewed the

different processes that may play a role in the variability of magmatic
fO2. Our results indicate that secondary processes such as H2O and fO2re-equilibration, volatile degassing and fractional crystallization are
unlikely to be responsible for the large variation in fO2. After recon-
structing primary melt compositions, we show that fO2 values derivedfrom Fe3+/ΣFe and DvOl/Melt are comparable, and that arc and MountEtna primary melts are still more oxidized than mid-ocean ridge and
Reunion Island primary melts.We then demonstrate, using Zr/Nb ratios
that the observed variability in primary melt fO2 is not due to a chemi-cal variability of the mantle source prior to its metasomatism. Finally,
the systematics between incompatible trace element ratios such as Th/
La, Ba/La, Ba/Th and La/Yb and fO2 of primary melts reveal a link be-tween the oxidized nature of arc and Mount Etna primary magmas to
slab fluid and/or sediment melt influence. Our investigation shows that
the compositions of the fluids and/or melts that metasomatize the man-
tle change between the different localities. The oxidized nature of the
magmas at Aoba and Mount Meager seems to result primarily from the
percolation of slab aqueous fluids in the mantle wedge, whereas the ox-
idation of La Sommata magmas is linked to the influence of both sedi-
ment melts and aqueous fluids. The origin of the oxidation of Mount
Etna magmas is more complicated to identify. Despite elevated H2Ocontents that are typical of arc magmas, the tracers of metasomatic
fluid and/or melt influence (i.e., Ba/La and Th/La) do not call for a
large input from slab-derived fluids and/or sediment melts.
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