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Abstract
Crystallographic orientation relationships (CORs) between mineral inclusions and their hosts could
potentially deliver information about inclusion formation processes and conditions. Most previous
studies are based on small numbers of analyses. This paper uses EBSD to study host–inclusion CORs
in an inclusion-rich Permian metapegmatite garnet (Koralpe region, Eastern Alps, Austria), demonstrating the importance of large data sets and of EBSD in particular for the analysis of CORs. The
distribution of measured orientations reflects host garnet point group symmetry for 89% of inclusions
analyzed (total N = 530). Each inclusion phase (rutile, corundum, and ilmenite) shows at least three
different CORs to host garnet. “Statistical” CORs are introduced to describe distributions of inclusion
orientations that have one or two degrees of freedom with respect to the host, but still reflect host
crystal symmetry. Two end-member characteristics of statistical CORs are distinguished: rotation and
dispersion. Most statistical CORs observed show a mixture of both. Each inclusion phase shows at
least one statistical COR. Multiple coexisting CORs and statistical CORs are not restricted to rutile.
Re-examination of previous garnet–rutile COR studies in light of the new results indicates that COR
information may have been overlooked when using small data sets. Variation in COR parameters
correlates with broad differences in assumed metamorphic conditions for new and literature samples,
suggesting that petrogenetic information may be available if COR formation can be understood. The
favorability of the detected CORs cannot be explained by a simple model involving minimization
of misfit between lattice planes, implying that other interface properties or the inclusion formation
mechanism are important controls on COR development.
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Introduction
Crystalline mineral inclusions can provide valuable information about the formation and evolution of rocks. The origins
of inclusions determine the processes about which they can
record petrological information and how this information is
encoded, assuming changes in the properties of interest due to
re-equilibration can be excluded. In some cases, just determining the origin of a population of inclusions can have important
implications for the inferred tectonometamorphic history of a
sample (e.g., Green et al. 1997; Van Roermund et al. 2000; Ye
et al. 2000; Mposkos and Kostopoulos 2001; Zhang and Liou
2003; Zhang et al. 2011; Ague and Eckert 2012; Ruiz-Cruz and
Sanz de Galdeano 2013; Gou et al. 2014; Glassley et al. 2014).
Many approaches to inferring inclusion origins have been
taken. All studies cited in this introduction consider the phases
present, their compositions, distributions, shapes, and any shapepreferred orientations. Some studies also include inclusion-based
microstructures (Burton 1986; Perchuk 2008; Hwang et al. 2011,
2013, 2015), compositional zoning or diffusion profiles in inclusions or hosts (Burton 1986; Ague and Eckert 2012; Hwang et
al. 2013; Khisina et al. 2013), and crystallographic orientation
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relationships (CORs) between inclusion and host crystallographic
directions (Brearley and Champness 1986; Hwang et al. 2007,
2011, 2013, 2015; Zhang et al. 2011; Proyer et al. 2013; Xu et
al. 2015).
CORs have mostly been used to try to confirm exsolution
origins for inclusions, due to the assumption that “specific”
CORs (where the crystallographic orientation of one phase is
fixed relative to another) are a diagnostic criterion for exsolution
(e.g., Hwang et al. 2007). However, there is a lack of agreement
about criteria to distinguish between host–inclusion CORs of
different origins. Combined with other observations, different
specific CORs have been considered evidence both for (Hwang
et al. 2011; Zhang et al. 2011) and against (Hwang et al. 2011,
2013, 2015) exsolution origins, and other authors have argued
absence of a specific COR does not rule out inclusion formation
by exsolution (Brearley and Champness 1986; Ague and Eckert
2012; Proyer et al. 2013; Xu et al. 2015).
Identification of inclusion origins in a sample via CORs is
based on two assumptions:
(1) The data set obtained gives a representative picture of
the distribution of inclusion crystallographic orientations. The
CORs defined from this distribution (and the relative frequencies
thereof) accurately represent the likelihood of finding an inclusion with a given crystallographic orientation relative to the host.

