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The dynamics of the Earth system is expressed in a number of ways such as earthquakes, mountain
building and plate tectonics. The rheology of Earth materials at the conditions of Earth’s interior dictates
the nature of these phenomena and therefore, is an important field of research in Earth sciences. The
flow strength in rocks is a function of minerology, crystal defects substructures, grain size, shape and
crystallographic orientations. Furthermore, flow strength in rocks strongly depends on temperature and
pressure levels. Experimental deformation studies focus on understanding these various dependencies in
rocks during deformation processes in Earth’s interior. In particular, the in-situ synchrotron x-ray
diffraction technique integrates the multi-anvil high-pressure system with the synchrotron in order to
quantify plastic properties of Earth’s materials at pressures relevant to the Earth’s upper and lower
mantle [1].

A detailed analysis of the microstructure and crystallographic texture of deformed rocks at micro- and
nano-scale provide valuable information on plastic behavior of rocks during deformation. The electron
channeling contrast imaging (ECCI) and electron backscatter diffraction (EBSD) techniques provide
microstructural and quantitative crystallographic information on a bulk specimen in a scanning electron
microscope (SEM). Under certain electron optics operating conditions in a field emission gun SEM, the
secondary electron (SE) and backscattered electron (BSE) contrast include a contribution from the
changes in crystallographic orientations of the specimen. The crystallographic contrast is superimposed
on the normal topographical and compositional contrast. The contribution of crystallographic contrast is
only about 5% of the total signal and is commonly observed between grains of different crystal
orientation in a polycrystalline specimen, known as grain contrast or simply orientation contrast. In
addition, the crystallographic contrast is visible inside grains containing low angle boundaries, kink
bands, twins and defects substructure such as dislocation patterns [2].

In this study, a set of in-situ synchrotron x-ray diffraction deformation experiments were conducted at
pressures in the range of 2 to 7 GPa on forsterite olivine which is an important constituent of the upper
mantle. Detailed experimental methodology is found in [3]. The ECCI was performed on specimens at 5
keV electron beam energy and 7 mm working distance. No coating was applied to the specimen surface
prior to imaging. The microstructure after the in-situ synchrotron x-ray diffraction deformation
experiment is shown in Fig. 1. The low magnification SE micrograph of sample assembly is shown in
Fig. 1a. The forsterite olivine sample and top and bottom alumina pistons were indicated with arrows.
The ECCI results from the forsterite olivine sample and alumina are shown in Fig. 1b and Fig. 1c,
respectively. In Fig. 1b, the channeling contrast variations observed across the microstructure indicated
the variations in local crystal orientation. In particular, a channeling contrast in the form of cross-shaped
and intersecting contours appeared inside the grain indicated with a black square. The contours had a
higher backscattering intensity compared to the rest of the grain and were terminated by high angle grain
boundaries.
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Following a recent study of Kaboli et al. [4], the channeling contrast in the form of cross-shaped and
intersecting contours observed in Fig. 1b is identified as rotation contour contrast (RCC). This contrast
was generated by the local rotation of the crystal about two rotation axes during deformation. The EBSD
quantitative crystal orientation mapping was used to identify the crystallographic directions of the
rotation axes. Deformation analysis using ECCI and EBSD techniques and quantitative results from the
in-situ synchrotron x-ray diffraction deformation experiments were used to understand the plasticity of
forsterite olivine at each experimental conditions.
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Figure 1. Microstructure of forsterite olivine after the in-situ synchrotron x-ray diffraction deformation
experiment. (a) The secondary electron micrograph of the sample assembly with forsterite olivine
sample and alumina pistons indicated with black arrows. (b) The backscattered electron micrograph of
deformed forsterite olivine showing channeling contrast variations observed across the microstructure.
An example of the rotation contour contrast in the form of cross-shaped and intersecting contours inside
the grains was indicated with a black square. (c) The backscattered electron micrograph of deformed
alumina.
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