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Abstract

Spinel is often used as a magmatic indicator of crystallization processes, without considering 
the effects of metamorphic alteration on spinel geochemical features. Serpentinized mélanges in the 
southern Urals host different kinds of disseminated to massive chromitite mineralization. In mélange 
environments, intense metamorphic alteration above 300 °C leads to major changes in chromite 
chemistry and to the growth of secondary phases such as ferritchromite and chromian-chlorite. Based 
on textural and chemical analyses, mélange-hosted Kalkan chromitites exhibit a hydration and oxida-
tion reaction that can explain the formation of ferritchromite and chromian-chlorite from chromite 
and serpentine:

2(Mg0.60Fe0.40)(Cr1.30Al0.70)O4 + 3/2(Mg2.57 Al0.32Fe0.11)Si2O5(OH)4 + H2O + 1/12O2 → 
		  Chr 		          Atg
7/6(Mg0.40Fe0.60)(Cr1.85Fe0.08Al0.07)O4 + 1/2(Mg9.18Fe0.34Al1.60Cr0.88)(Al2Si6)O20(OH)16.
 	          Fe-Chr				    Cr-Chl 

Textural analyses fit well with the proposed reaction and show that it usually proceeds very close 
to completion. The degree of alteration of chromite into ferritchromite is controlled by the initial 
chromite to serpentine ratio. In chromitites, high ratios prevent complete transformation of chromite 
into ferritchromite. The most likely environment for such reaction is a prograde metamorphic event 
post-dating serpentinization of the Kalkan ophiolite, possibly related to emplacement within an ac-
cretionary wedge.
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Introduction

Chromite is a common accessory mineral in peridotites. Its 
chemical composition varies depending on the physical condi-
tions and petrogenesis (e.g., Irvine 1965, 1967; Ozawa 1983; 
Dick and Bullen 1984; Arai 1992, 1994). Unaltered, primary 
igneous chromite can be considered as a petrogenetic indicator 
mineral because the spinel composition reflects the degree of par-
tial melting that the mantle experienced to produce the chromium 
spinel-bearing rock (Burkhard 1993). However, a discussion 
of the influence of metamorphic modification and alteration of 
chromite is ongoing (e.g., Onyeagocha 1974; Ulmer 1974; Evans 
and Frost 1975; Hoffman and Walker 1978; Loferski and Lipin 
1983; Kimball 1990; Burkhard 1993; Oze et al. 2004). In mélange 
environments, intense metamorphic alteration leads to major 
changes in chromite chemistry and to the growth of secondary 
phases such as ferritchromite and chromian-chlorite.

Chromite forms chromitite layers in ophiolite complexes.  
The chromitites occur as lenticular or pod-shaped bodies, closely 
associated with dunite within the transition zone between layered 
gabbros and residual peridotites (e.g., Thayer 1964) or within 
the deeper mantle sequence cutting the deformed and/or layered 

structure of the host peridotites (Cassard et al. 1981). This paper 
discusses the influence of alteration and metamorphic overprints 
on chromitite developed in the Kalkan ophiolite of the southern 
Urals and its enveloping serpentinitic mélange. In this study, 
the mélange-hosted Kalkan chromitites are investigated using 
textural and chemical analyses to establish likely reactions that 
produce ferritchromite and chromian-chlorite.

Alteration of chromite

High-Cr spinel and chromite are among the first minerals 
to crystallize over a wide range of conditions from mafic to 
ultramafic magmas (Irvine 1965). The minerals show a wide 
range of solid solution (O’Neill and Wall 1987; Mattioli and 
Wood 1988; Wood 1990; Sack and Ghiorso 1991; Poustovetov 
2000). Chromite, as reported by Barnes (2000) and by Oze et 
al. (2004), is relatively resistant to alteration compared to other 
high-temperature igneous phases such as olivine, and may sur-
vive low-grade metamorphic processes related to serpentinization 
(Hoffman and Walker 1978; Malpas 1992; Oze et al. 2004).

Ferritchromite was reported for the first time by Spangeberg 
(1943) and refers to an “opaque substance that, according to 
chemical and physical properties, must lie between chromite and 
magnetite.” High reflectivity and low hardness are characteristic * E-mail: anna.merlini@unimi.it


