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SPINELS RENAISSANCE: THE PAST, PRESENT, AND FUTURE OF THOSE UBIQUITOUS MINERALS AND MATERIALS
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abstRact
Four gahnite single crystals with variable colors from pale blue to green have been studied by a
multi-analytical approach with the aim to evaluate existing assignments of optical absorption bands.
Combined information from electron microprobe analyses, Mössbauer spectroscopy, IR-spectroscopy,
sions of earlier studies that the absorption bands recorded in the visible spectral region up to 540 nm
(above 18 500 cm–1) are related to electronic d-d transitions in tetrahedrally coordinated Fe2+. It also
demonstrates that a set of absorption bands between 550–625 nm ( 16 000–18 200 cm–1) are caused by
spin-allowed and spin-forbidden d-d transitions in tetrahedrally coordinated Co2+. Two absorption bands
at higher wavelengths ( 680 and 800 nm, i.e., 14 700 and 12 500 cm–1) are assigned to electronic
transitions in exchange coupled VIFe3+-IVFe2+ pairs and a band at 950 nm ( 10 500 cm–1) is assigned
to a spin-allowed electronic transition in VIFe2+. Low-Fe gahnite crystals owe their blue color to traces
of cobalt at concentration levels in the order of 200 ppm and less, while the green color of gahnite
crystals with higher Fe-contents is due to a combination of electronic ligand-metal transitions causing
strong UV-absorption and electronic transitions in exchange coupled Fe2+-Fe3+ cation pairs that absorb
in the red region of the visible spectrum. A detailed characterization of samples that includes cation
site occupancy and iron valency data is demonstrated to be crucial for interpreting optical absorption
spectra. Also electronic transitions in trace element chromophores below the detection limit of electron
microprobe may participate to light absorption. All this information contribute to the comprehension
of the causes of crystal color of minerals, gemstones, and ceramic pigments.
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intRodUction
Spinel oxides are a wide group of minerals and compounds
whose peculiar crystal chemistry, compositional flexibility, and
physical properties make them suitable for a wide range of applications, in Earth Sciences (e.g., as petrogenetic indicators) as well
as in Materials Science (e.g., as refractory materials). In particular,
the Zn-content of zincian spinels—i.e., gahnite (ZnAl2O4), Znbearing hercynite (namely, FeAl2O4), and Zn-bearing spinel sensu
stricto (namely, MgAl2O4)—can be used as an exploration guide
for metamorphosed base-metal sulfide ores, and Zn-rich spinels
are indicators of low-metamorphic grade and high oxygen and
sulfur fugacity conditions (e.g., Spry and Scott 1986; Heimann et
al. 2005). Synthetic ZnAl2O4 spinel finds application, for example,
as catalyst and catalyst-support (e.g., Valenzuela et al. 1997) due
to its high thermal stability, low acidity, mechanical resistance, and
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hydrophobic behavior. It can be used also in glaze layers of white
ceramic tiles to improve wear resistance, mechanical properties,
and whiteness (e.g., Escardino et al. 2000).
The minerals of the very large spinel oxide group usually
crystallize in space group Fd3m. The spinel structure is based
on a nearly cubic close-packed arrangement of oxygen atoms,
with tetrahedrally (T) and octahedrally (M) coordinated sites
and it can accommodate a large number of cations of different
valence states. The MO6 octahedra share half of the edges with
neighboring MO6 octahedra, and corners with TO4 tetrahedra,
but the latter are isolated from each other. The T and M sites are
filled by A and B cations, where A and B are mainly divalent
and trivalent cations, respectively. The general formula for the
cation distribution in the spinel structure is IV[A(1–i)Bi]VI[AiB(2–i)]
O4, where i is the inversion parameter and IV and VI are the
coordination number of T and M sites, respectively. Two ordered
configurations are stable at low temperature: normal spinels with
i = 0 and inverse spinels with i = 1. With increasing temperature,
the cation distribution of both normal and inverse spinels tends to
disorder toward the random configuration of maximum entropy
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