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abstract

Natural Cr-spinels previously characterized by X-ray single-crystal diffraction and electron micro-
probe have been analyzed by Raman spectroscopy. The results we report show that there is a strong 
correlation between the Cr/(Cr+Al) ratio (Cr#) and the A1g mode for the studied spinels. A strong cor-
relation of this mode with Mg/(Mg+Fe2+) (Mg#) can be seen only for spinels with Mg# higher than 0.60. 
Other modes can increase, decrease or disappear depending on the Cr#. Among the spinels with low 
Cr# it is possible to define their order/disorder degree. In fact, spinels with an inversion degree lower 
than 0.14 show an Eg mode at about 400–410 cm–1, while spinels with Cr# higher than 0.20 register 
the appearance of a peak in the region 150–200 cm–1, while other peaks are substituted by smooth 
curves. The results show that the use of Raman applied to spinel in provenance studies cannot yield 
a 100% confidence because of the uncertainties in the relation between Mg# and the different modes.
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introDuction

Spinel and spinel-like minerals are subjects of continuous 
scientific interest and have been deeply investigated in both 
Earth science and materials sciences, because of their interesting 
properties as pigments, refractory materials, semi-conductors, 
catalysts, and batteries. In nature they occur in basic-ultrabasic 
plutonic rocks, in mantle derived rocks, in different metamorphic 
occurrences and, due to their high hardness and resistance to al-
teration, they are also a common detrital constituent of sedimen-
tary rocks (Irvine 1967; Dick and Bullen 1984; Lenaz et al. 2000; 
Barnes and Roeder 2001; Kamenetsky et al. 2001). The spinel 
family is cubic, Fd3m, with a very compact oxygen array and 
the cations in tetrahedral (T) and octahedral (M) coordination. 
According to Lindsley (1976), Hill et al. (1979), and Waychunas 
(1991) the cubic cell has 96 sites, 64 are T sites and 32 are M sites, 
but only 24 are occupied. Chemically, spinel may be described 
by the IV(A1–iBi)VI(B2–iAi)O4 structural formula, where IV and VI 
represent tetrahedrally and octahedrally coordinated sites, A and 
B are cations with variable valence distributed in T and M sites 
and i is the inversion parameter. At low temperature, there are 
two ordered configurations, one with i = 0 (normal spinel; e.g., 
MgAl2O4, Fe2+Al2O4, MgCr2O4, Fe2+Cr2O4) meaning that diva-
lent cations enter the T site and trivalent cations the M one, and 
another with i = 1 (inverse spinel; e.g., MgFe2

3+O4, Fe2+Fe2
3+O4). 

Anyway, disorder can occur at increasing temperature, leading to 
inter-site exchange of A and B cations over the three cation sites 
per formula unit modifying the M-O and T-O bond distances. 
In the spinel cell, the oxygen atom is linked to three octahedral 
cations and one tetrahedral cation lying on opposite sides of the 
oxygen layer, respectively, to form a trigonal pyramid. Movement 
of the oxygen atom along the cube diagonal [111] causes the 

oxygen layers in the spinel structure to be slightly puckered so 
that variations in u correspond to displacements of the O atoms 
along the cube diagonal, reflecting adjustments to the relative 
effective radii of cations in the tetrahedral and octahedral sites. 
An increase in u corresponds to an enlargement of the tetrahe-
dral coordination polyhedra and a compensating decrease in the 
octahedra (Lindsley 1976).

Several studies in the past years took into consideration natu-
ral and synthetic spinels with different compositions (Malézieux 
et al. 1983; Malézieux and Piriou 1988; Wang et al. 2002a; among 
the others) and/or on specific topics such as the variations of 
Raman spectra within a solid-solution series (Lenaz and Lughi 
2013; Lenaz and Skogby 2013), with pressure MgCr2O4 (Wang 
et al. 2002b; Yong et al. 2012); Fe2TiO4 (Kyono et al. 2011); 
MgFe2O4 (Wang et al. 2002a; Winell et al. 2006), temperature 
MgAl2O4 (Slotznick and Shim 2008), and ordering (Minh and 
Yang 2004). D’Ippolito et al. (2015) studied synthetic spinel 
single crystals, having compositions approaching chromate, 
aluminate, and ferrite spinel end-members, to identify Raman 
peculiarities of each end-member and showed how substitution 
of the divalent and trivalent cations affects the Raman modes.

Even if Cr-bearing spinels typically occur as accessory 
phases, they are widely considered as petrogenetic indicators 
as systematic relationships exist between spinel chemistry and 
bulk-rock composition or mineral assemblage, and geological 
environment and process (Irvine 1967; Dick and Bullen 1984; 
Lenaz et al. 2000; Barnes and Roeder 2001; Kamenetsky et al. 
2001) so that, among the different spinels, those bearing chro-
mium are among the most important because of their geological 
occurrence spanning from the Earth interior, being frequently 
included in diamonds (Sobolev 1977; Barnes and Roeder 2001; 
Lenaz et al. 2009a, 2013) and in mantle xenoliths, to the extra-
terrestrial space (Bunch et al. 1967; Wlotzka 2005; Heck et al. 
2010; Karwowski et al. 2013; Schmitz 2013; Lenaz et al. 2015). 
Moreover it is the ore mineral for Cr and because it is related 
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