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Crystal chemistry of Cr-spinels from the lherzolite mantle peridotite of Ronda (Spain)

Davide Lenaz,1,* Angelo De Min,1 Giorgio Garuti,2 Federica Zaccarini,2  
and Francesco Princivalle1 

1Department of Geosciences, University of Trieste, Via Weiss 8, 34127 Trieste, Italy
2Department of Applied Geosciences and Geophysics, University of Leoben, Peter Tunner Strasse 5, 8700 Leoben, Austria

Abstract

The crystal chemistry of some Cr-spinels from the lherzolite body of the Ronda peridotite in 
southern Spain has been investigated. Cell edge spans between 8.1692(2) and 8.2367(1) Å, while the 
oxygen positional parameter u ranges between 0.26306(7) and 0.26351(7). By using the Princivalle 
thermometer (1999), an intracrystalline closure temperature between 640 and 840 °C has been 
calculated. The higher temperatures are very close to the intercrystalline temperatures based on the 
olivine-spinel thermometer calculated by Woodland et al. (2006) for the Ronda orogenic lherzolites 
suggesting that the intracrystalline closure occurred soon after the intercrystalline closure. By compari-
son with Cr-spinels from lherzolite mantle xenoliths, it should be noted that: (1) the oxygen positional 
parameter can be linearly related to the intracrystalline temperature for both mantle peridotite and 
mantle xenolith Cr-spinels; (2) the intracrystalline closure temperature is reached faster and is higher 
in Cr-spinels in mantle xenoliths; and (3) Cr content is linearly related to u in mantle peridotite, but 
not in mantle xenoliths, suggesting the u value in Cr-spinels from mantle peridotite is driven solely 
by the chemistry of the spinels. 
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Introduction

Cr-bearing spinels are widely considered as important 
petrogenetic indicators due to general relations between spinel 
chemistry, rock type, and processes, and new understanding has 
been achieved on igneous/metamorphic events from analyses of 
spinel-bearing assemblages (Irvine 1967; Sack 1982; Dick and 
Bullen 1984; Sack and Ghiorso 1991; Roeder 1994; Barnes and 
Roeder 2001). The relationships between chemistry, structural 
parameters, and genetic behaviors have been considered by sev-
eral authors, in fact some structural studies have been previously 
performed on crystal chemistry of Cr-spinels from mantle xeno-
liths (Della Giusta et al. 1986; Princivalle et al. 1989; Carraro 
2003; Uchida et al. 2005; Nédli et al. 2008), ophiolites (Bosi et 
al. 2004; Quintiliani et al. 2006), komatiites (Lenaz et al. 2004), 
in the Bushveld and Stillwater layered complexes (Lenaz et al. 
2007; Lenaz et al. in review), and as inclusions in diamonds and 
kimberlites (Lenaz et al. 2009) to better understand genesis and/
or oxidation mechanisms. Cr-bearing spinels from Al-bearing 
augite dikes and the lherzolite body of Balmuccia (Ivrea-Verbano 
zone) have been described by Basso et al. (1984), Menegazzo 
et al. (1997), and Princivalle et al. (1989), whereas Lenaz and 
Princivalle (1996, 2005) studied detrital Cr-spinels to define 
their possible provenance. 

In spinels, the anions form a nearly cubic close-packed ar-
ray, parallel to (111) planes, and the cations fill one-eighth of 
the tetrahedral (T) and half of the octahedral (M) interstices 
available in the framework. The oxygen atom is linked to three 
octahedral and one tetrahedral cations, lying, respectively, on 

opposite sides of the oxygen layer, 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. Through the study of the crystal-chemical parameters 
of the Cr-spinels in lherzolite body of the Ronda peridotites, we 
will try to understand their equilibration processes including 
intracrystalline temperatures and compare them with those of 
Cr-spinels with similar chemistry from lherzolite mantle xeno-
liths to verify if differences in structural parameter and cooling 
history are present.

Geological setting

The Ronda massif in southern Spain is the largest (ca. 300 
km2) of several orogenic peridotite massifs exposed in the 
Betic (Spain) and Rif (Northern Morocco) mountain belts in 
the westernmost part of the Alpine orogen. It was tectonically 
emplaced during early Miocene times in the internal zones of the 
Betic Cordillera. Several studies have provided comprehensive 
reviews of the regional setting of the Ronda massif (Van der 
Wal and Vissers 1993, 1996; Tubia et al. 1997; Platt et al. 2003, 
2006; Booth-Rea et al. 2005; Esteban et al. 2007; Precigout et 
al. 2007). 

Platt et al. (2003) suggested that the Ronda peridotite was 
exhumed during earliest Miocene time from about 66 km depth 
and that the main period of exhumation lasted 5 Ma, starting 
at around 25 Ma. It overlies high-grade metamorphic rocks of 
clearly crustal origin belonging to the Alpujarride complex, and 
it is separated from these rocks by brittle faults. It is in contact, 
to the southeast, with the Malaguide Complex, a thick weakly 
metamorphic to non-metamorphic Palaeozoic basement, and with * E-mail: lenaz@units.it


