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abstRact

Deformation of olivine in a volcanic context is poorly constrained, although deformed olivine is 
abundant in some volcanic rocks, and its presence is important for the definition of the magmatic his-
tory of volcanic edifices such as Kilauea Volcano, Hawaii. Deformed olivines at Kilauea originate in 
the lower crust; therefore, the classic approaches and interpretations applied to mantle-derived olivine 
are not applicable. Deformed olivine crystals from Kilauea lava samples were examined using an in 
situ XRD technique. Our results validate and refine optical observations of olivine deformation. We 
also confirm the presence of deformation and quantify it for olivine crystals of any size, even for 
small crystals (0.15 mm). There are significant correlations between deformation intensity (strain-
related mosaicity) and olivine composition and crystal size. Although this technique does not allow 
the simple estimation of the P-T conditions of deformation, crystal formation, or magmatic history, 
some constraints are provided herein. In particular we estimate the threshold degree of mosaicity, 
above which we consider that a crystal underwent deformation. In situ XRD is shown to be an easy-
to-use, fast, low-cost, non-destructive technique and is less ambiguous than optical microscopy. For 
crystals optically exhibiting subgrain formation, analysis of asterism by in situ XRD has been used 
to reconstruct the mosaic spread of the original grain, and thus its original strain condition prior to 
subgrain formation.
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iNtRoductioN

The mechanisms responsible for the deformation of a rock, 
and hence associated plastic deformation of its constitutive 
minerals, have been debated for decades. Most emphasis has 
been given to plastic deformation of mantle-forming silicates, 
particularly olivines and pyroxenes. Understanding plastic flow 
in the mantle is important to create and refine models that explain 
the geodynamic processes and geophysical or rheological proper-
ties of the mantle, in particular the upper mantle (e.g., Mercier 
1985). Rock deformation is influenced by several intrinsic and 
extrinsic factors (Hobbs 1985). Some factors control the shape, 
orientation, and distribution of grains. Temperature is one of 
the most important factors that influences deformation. Equa-
tions have been proposed to describe dislocation mechanisms 
in single olivine crystals, taking into account a wide range of 
thermodynamic, thermomechanical, and microstructural con-
ditions based on compressional creep experiments at various 
pressures and temperatures (Bai and Kohlstedt 1992; Bai et al. 
1991; Demouchy et al. 2009; Durham and Goetze 1977; Evans 
and Goetze 1979; Kohlsted and Goetze 1974; Li et al. 2004; 
Raterron et al. 2004).

In contrast, although deformed olivine is abundant in some 
volcanic rocks, deformation of volcanic olivine is poorly con-

strained. The presence of deformed olivine is important for 
understanding the magmatic history of volcanic edifices such 
as Kilauea Volcano, Hawaii (Baker et al. 1996; Clague and 
Denlinger 1994; Garcia 1996; Helz 1987; Vinet and Higgins 
2010; Wilkinson and Hensel 1988; Yang et al. 1994), or Piton de 
la Fournaise Volcano, La Réunion Island (Albarede et al. 1997; 
Albarede and Tamagnan 1988; Bureau et al. 1998; Famin et al. 
2009; Peltier et al. 2009; Salaün et al. 2010; Villemant et al. 
2009; Welsch et al. 2009). Current concerns regarding deformed 
crystals of olivine in volcanic edifices are their occurrence, 
formation and solidification history. Deformed crystals are of 
great interest to evaluate the origin of different crystal popula-
tions present in a magmatic system. Deformed crystals may have 
very similar chemical compositions to the undeformed crystals, 
but have a more complex history (e.g., Albarede et al. 1997; 
Bureau et al. 1998; Garcia 1996; Vinet and Higgins 2010; Vinet 
and Higgins, in review). In most studies, optical microscopy is 
the only way to distinguish deformed from undeformed crystals. 
However, undulatory extinction cannot be optically detected in 
small grains.

The debate concerning the origin and history of solidification 
of deformed volcanic olivines includes several studies (e.g., Al-
barede et al. 1997; Baker et al. 1996; Bureau et al. 1998; Clague 
and Denlinger 1994; Garcia 1996; Peltier et al. 2009; Vinet and 
Higgins 2010; Vinet and Higgins, in review) that proposed that 
the deformed crystals in lavas from Kilauea and Piton de la * E-mail: nvinet@uqac.ca


