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ABSTRACT
Fourteen Cr-spinels from Albanian ophiolites were examined. Fe2+/Fe3+ ratios were obtained by 57Fe
Mössbauer spectroscopy (MS) and compared with ratios retrieved by electron microprobe analyses
(EMPA). MS spectra were collected at both 298 K (RT) and 77 K (LT), and Þtted using various interpretative models. Fe3+ contents by EMPA, calculated from spinel stoichiometry, are almost always
underestimated with respect to those obtained by MS. Moreover, Fe3+ contents by MS-RT are shown
to be somewhat overestimated with respect to those by MS-LT, which are proved to be the most reliable. On basis of MS results, Albanian Cr-spinels proved to be non-stoichiometric, with an oxidation
degree, z, ranging from 4 to 49%. Our results indicate no dependence of z on sample provenance, but
suggest a strong dependence on spinel composition. Chemical data of Albanian spinel and associated
olivine were used to estimate fO2 via oxygen geobarometry. Notably, fO2 values calculated on basis
of the EMPA data are always largely underestimated with respect to those obtained on basis of MS
data. However, fO2 values calculated on basis of MS-RT data are equal to or higher than (up to 0.2
log units) fO2 values based on MS-LT data. The increase in fO2 responsible for spinel oxidation was
tentatively estimated to be less than one log unit for poorly oxidized samples, but up to 6 log units
for the most oxidized samples.
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INTRODUCTION
It is generally accepted that the composition of mantle ßuid
phases attending magmatic and metasomatic processes strongly
depends on oxygen fugacity (fO2). As an example, in the C-H-O
system, the ßuid phase consists mainly of CO2 and H2O in relatively oxidizing conditions close to the fayalite-magnetite-quartz
(FMQ) solid buffer, H2O and CH4 in moderately oxidizing conditions between the FMQ and iron-wustite (IW) buffers, and CH4
below IW (Wood and Virgo 1989). Several studies on mineral
assemblages have been carried out to estimate mantle intensive
parameters (T, P, fO2) and their evolution (e.g., Mattioli and Wood
1986; McCammon et al. 2004). There are currently two methods
for the quantitative estimation of upper-mantle oxidation state:
experimental, by electrochemical measurements of intrinsic
oxygen fugacity (Ulmer et al. 1976; Arculus et. al. 1984), and
geothermobarometry (Mattioli and Wood 1986; O’Neill and Wall
1987; Wood et al. 1990; Ballhaus et al. 1990). The latter method
gives an estimate of T, P, and fO2 through mineral equilibria
involving phases with variable Fe2+/Fe3+ ratios, such as garnet,
clinopyroxene, Fe3+-bearing chromite, and magnetite. However,
small errors in Fe2+/Fe3+ ratio quantiÞcation may produce large
errors in the evaluation of mantle parameters and seriously affect petrologic interpretations (Wood and Virgo 1989; Sobolev
et al. 1999).
Electron microprobe analysis (EMPA) is commonly used to
investigate mineral composition, but it cannot recognize the mul* E-mail: gianni.andreozzi@uniroma1.it
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tiple oxidation states of transition metals. As a consequence, the
Fe2+/Fe3+ ratio is usually calculated from mineral stoichiometry
and charge balance, i.e., for spinels, assuming a proportion of 3
cations to 4 anions. This approach totally ignores the possibility
of non-stoichiometry due to Fe3+ excess and cation vacancies in
the lattice. In the case of non-stoichiometry, therefore, systematic errors may be very large and EMPA results turn out to be of
limited value because of the wrong starting assumptions.
57
Fe Mössbauer spectroscopy (MS) is a very effective method
for investigating the actual oxidation state of Fe in minerals and
their inclusions (Wood and Virgo 1989; McCammon et al. 1998;
Sobolev et al. 1999). An important and frequent application
of MS to spinels is determination of highly accurate Fe2+/Fe3+
ratios and attribution of Fe2+ and Fe3+ to the tetrahedrally and
octahedrally coordinated T and M sites (e.g., Andreozzi et al.
2001; Hålenius et al. 2002 and references therein). Fe2+/Fe3+
ratios are obtained by measuring the absorption areas of Fe2+
and Fe3+ subspectra, which are proportional to the product of the
number of absorption nuclei times the recoil-free fraction (f).
The f factor is determined by lattice vibrations of Fe atoms, and
may suffer from temperature inßuence (Sawatzky et al. 1969;
De Grave and Van Alboom 1991; Eeckhout and De Grave 2003).
Moreover, the f factors for Fe2+ (f2) and Fe3+ (f3) are not equal at
room temperature (RT) but, in spite of this, they are commonly
assumed to be equal for a given phase. De Grave and Van Alboom (1991), on the basis of measurements of many phases of
known composition, noted that the assumption of equality of f2
and f3 causes for spinels an error up to 30% in the Fe2+/Fe3+ ratio
measured from RT spectra, leading to overestimation of Fe3+

