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Dominant Slip Systems of Naturally Deformed Quartz under the Mid—Crustal

Conditions: Implications for Rheology of the Continental Crust
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Quartz is the most dominant constitutive mineral in the continental crust, and thus, the deformation
mechanism of quartz is essential for understanding the continental crust rheology. Under the mid-
crustal conditions, dislocation creep of quartz is the dominant deformation mechanism. Based on the
previously proposed flow laws, the flow strength of quartz aggregates with a dominant basal <& slip
system differs from that with a dominant prism <&> slip system by tens of megapascals under mid-
crustal conditions, where crustal strength is at its maximum. Thus, identifying the dominant slip
systems in naturally deformed quartz is crucial for understanding the continental crust rheology.
Although the basal <&> slip system is considered dominant in quartz under mid-crustal conditions,
its activity is controversial because some microstructural observations support an oriented
nucleation growth model for c-axis distribution near the minimum strain axis. This study examined
the crystallographic orientation and shape of quartz phenocrysts in a deformed granitic porphyry in
the Ryoke belt, SW Japan, to clarify the dominant slip systems in the naturally deformed at
temperature conditions of ~400-500 ° C utilizing optical and electron backscatter diffraction (EBSD)
observations. Identified active slip systems include prism <&>, basal <&, prism [c], and rhomb <2>
through misorientation analyses via EBSD data. The aspect ratios of phenocrysts with dominant prism
<2> and basal <2> slip systems are higher than prism [¢] and rhomb <a> slip systems, indicating
similar strengths between prism <z2> and basal <2> slip systems, which are weaker than prism [c] and
rhomb <&> slip systems under the mid-crustal conditions. Misorientation analysis showed c-axis
orientations of basal <a> phenocrysts distributed at pole figures peripheries, indicating basal <a>

activation over the proposed oriented nucleation and growth model. Consequently, this study provided



robust evidence for the basal <a> and prism <a> slip systems as the dominant slip systems in the
middle crustal conditions. We proposed a proportional model of the combination of basal <z> and
prism <& slip systems, suggesting that crustal strength would be controlled by the increasing ratio

from prism <& to basal <& with decreasing depth in the mid-crust.
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