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Abstract
The crystal chemistry of 13 spinel samples from the Somma-Vesuvius volcanic complex (Italy) was
studied by crystal structural refinement and electron microprobe analysis, processing the data with a
tested optimization model to obtain site populations. Five samples come from the volcanic xenoliths
found in Pollena Quarry and belong to the deposits produced by the Pollena eruption of A.D. 472. All
crystals are characterized by Fe2+ ↔ Mg substitution and pertain to the Mg-rich portion of the spinel
sensu stricto-hercynite join. The crystals show a partially inverted cation configuration with inversion
degree ranging from 0.20–0.25. Aluminum contents characterize the crystal-chemistry: the unit-cell
parameter decreases with increasing total Al and the M-O bond length decreases with increasing MAl.
Using a well-tested geothermometer based on the MAl+TMg = TAl+MMg intracrystalline exchange,
closure temperatures were calculated for the Pollena Quarry spinels. Results range from 694 to 809
°C. The latter value is assumed to be representative of the temperature of the Pollena eruption and
is in excellent agreement with that reported in the literature (800 °C) and estimated by experimental
phase equilibria.
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Introduction
Minerals of the spinel group are found in a wide range of
geological environments, from the upper mantle to the crust,
crystallizing under various physico-chemical conditions. Their
importance as petrogenetic indicators and for oxygen thermobarometry has been widely recognized and has prompted
extensive studies (e.g., Ghiorso and Sack 1991; Bosi et al. 2004,
2008). In particular, most studies (e.g., Della Giusta et al. 1996;
Princivalle et al. 1999; Andreozzi et al. 2000; Andreozzi and Princivalle 2002) focused on intracrystalline order-disorder relationships and their dependence on equilibrium temperature, cooling
history, and composition. For these geothermometric studies, a
full topochemical characterization of spinels is required.
The AB2O4 spinel structure can be described as a slightly
distorted cubic close-packed array of O atoms, in which the
bivalent (A) and trivalent (B) cations are distributed over tetrahedral (T) and octahedral (M) sites: (8a and 16d Wyckoff notation,
respectively). The unit cell is face-centered cubic (space group
Fd3m) and it contains 32 O atoms at fractional coordinates u,u,u.
By using the unit-cell parameter (a) and the oxygen fractional
coordinate, all geometrical parameters, such as T-O and M-O
bond lengths, can be calculated. Two extreme cation configurations are possible: normal (i = 0) and inverse (i = 1), resulting
in the structural formula, T(A1–iBi)M(AiB2–i)O4. In the (Mg,Fe)
Al2O4 spinels, inversion is mainly temperature dependant. Mg,
Fe2+, and Al may be disordered between T and M sites: the higher
the temperature, the higher the disordered state. During crystal
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cooling, on the other hand, Mg and Fe2+ progressively order
at T and Al at M. The temperature at which such an exchange
stops is defined as closure temperature (Tc) and depends on
cooling rate. Slow cooling allows a strong ordering and low Tc,
whereas fast cooling preserves the disordered state and high Tc
(Princivalle et al. 1989; Della Giusta et al. 1996; Lucchesi and
Della Giusta 1997; Lucchesi et al. 1998; Princivalle et al. 1999;
Andreozzi et al. 2000; Andreozzi and Princivalle 2002). In this
way, the cation distribution of spinel reflects the thermal history
of the host rock.
In this paper, the crystal chemistry of spinels from the
Somma-Vesuvius volcanic complex was studied, for the first
time, by processing structural and chemical data with a tested
optimization model for site populations. The resulting crystalchemical characterization allowed us to estimate the closure
temperature of selected samples.

Geological setting
In the last million years, significant volcanic activity took
place along the western border of the Apennine chain (centralsouthern Italy). The Somma-Vesuvius (Fig. 1) is the southernmost
active volcanic complex of the so-called Roman Comagmatic
Region (Washington 1906), which extends south from the Vulsinian district north of Rome to the Campanian district, including
other volcanic complexes, such as Sabatini, Alban Hills, and
Roccamonfina. The Somma-Vesuvius (stratovolcano) is made up
of two distinct volcanoes, the older Somma and the Vesuvius. The
former can be observed in the very steep caldera rim in the northern slope of the volcano. The latter developed after the formation

