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Rheological weakening due to phase mixing
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To understand the effects of secondary minerals on changes in the mechanical
properties of upper mantle rocks due to phase mixing, we conducted high-strain torsion experiments
on aggregates of olivine + orthopyroxene (opx) with orthopyroxene volume fractions of fopx = 0.15,
0.26, and 0.35. For samples with larger amounts of orthopyroxene, fopx = 0.26 and 0.35, the
deformation mechanism changes as strain increases. In contrast, for samples with fopx = 0.15, no
change in deformation mechanism occurs.
The microstructures of samples with larger amounts of orthopyroxene provide insight into the change
in deformation mechanism derived from the mechanical data. These mechanical and associated
microstructural properties imply that rheological weakening due to phase mixing only occurs in the
samples with larger fopx, which is an important constraint for understanding strain localization in
the upper mantle of Earth.
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