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Abstract
Plastic deformation in chromite is not frequently reported in literature. We present a detailed microstructural analysis of this mineral from the massive chromitite of the Neoarchaean Sittampundi Complex,
southern India. The study reveals intracrystalline plasticity is dominantly active in this mineral, and
it produces distinctive features corresponding to at least two different microstructural regimes. The
Regime 1 is deformation-related and it commenced with recovery of strained grains and formation of
new grains, corresponding to subgrain rotation recrystallization. This was followed by nucleation of
strain-free new grains in regions of high strain. The Regime 2 appears to be post-deformational and
dominantly temperature-controlled, producing distinctive features of static annealing of already deformed
grains. This regime corresponds to grain boundary migration recrystallization resulting coarsening
of strain-free facetted, new grains at the expense of high-dislocation density subgrains. The resultant
micro-features resemble closely what is known as “abnormal grain growth,” not yet documented for
chromites. These coarse grains, in places, also feature accommodation of deformation by displaying
very low-angle subgrain boundaries. The movement of high-angle grain boundaries in Regime 2 through
precursor strained grains provided high diffusivity paths for the rapid exchange of components, producing
compositional heterogeneity between grains dominated by deformation features and facetted new grains.
These microstructural observations coupled with chemical heterogeneity provide new directions in interpreting the deformation mechanism of chromite and its annealing history at the post-deformation stage.
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Introduction
The general absence of substructures in chromites from
mantle peridotites and chromitites (Christiansen 1985) and subsequent recognition of stress-induced Al-Cr multipolar zoning
in ophiolitic chromites prompted a belief that dislocation creep
is not a dominant mechanism in the deformation of chromite
(Ozawa 1989). Instead, diffusion creep is thought to be the principal mechanism in its deformation. The lack of appreciation of
chromite crystal plasticity is because chromite, among the cubic
minerals, has low stacking fault energy, like garnet, and hence
struggles to develop dislocation based microstructures. While
using backscatter electron (BSE) channeling pattern and orientation contrast in scanning electron microscopy, chromites from
Oman ophiolite have served to provide evidence favoring limited
dislocation creep mechanisms at high temperature during mantle
flow (Christiansen 1986). Well-constrained natural examples of
crystal-plastic deformation in the dislocation creep regime were
absent until recently, when Vukmanovic et al. (2013) described
chromite microstructures in the stratiform chromitite layer from
the Meerensky Reef. Soon after, chromite crystal plasticity was
documented from podiform mantle chromitites in ophiolitic setting (Ghosh et al. 2014). Very recently fluid-assisted chromite
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deformation, promoting chemical and textural modification, has
also been reported (Satsukawa et al. 2015a).
Our study focuses on trench samples of foliated stratiform
chromitites (Fig. 1a) occurring as seams containing 60–70
modal% of porphyroclastic chromites with the remaining matrix,
constituted dominantly by amphiboles, mainly tschermakitic
hornblende with accessory phlogopites from the Sittampundi
Layered Complex (SLC), southern India, that is thought to be
equivalent to Fiskenaesset complex of West Greenland (Ghisler
1970). The SLC is a deformed, anorthosite-dominated layered
igneous complex within Palghat-Cauvery Shear Zone (PCSZ)
that represents a geostructure amalgamating two crustal blocks
(Santosh et al. 2009; Santosh and Kusky 2010) with different
isotopic characteristics, age, structure, metamorphism, and magmatism (Meissner et al. 2002). The SLC was formed in Neoarchaean (Bhaskar Rao et al. 1996) and was subjected to eclogite
facies metamorphism (>1000 °C and >20 kbar) corresponding
to 65 km paleo-depth, near to the crust-mantle boundary and
later exhumed in the latest Neoproterozoic–Cambrian (Sajeev
et al. 2009). Structurally, the Sittampundi complex was initially
considered as a single stratigraphic unit (Subramaniam 1956;
Naidu 1963). A detailed work (Ramadurai et al. 1975) later,
however, suggested that the complex consists of a repeated
stratigraphic sequence resulted from a tight (isoclinal) anticline
structure of the region.
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