Lightning-induced shock metamorphism at depth
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Abstract
Minerals with planar microstructures, referred to as shocked minerals1-4, have been shown to form at pressures of several
gigapascals. Shocked minerals are diagnostic criteria for evidence of meteorite impact4-6. Nevertheless, recent reports of
shocked quartz in lightning-induced metamorphic rock7, called rock fulgurite, indicates that planar microstructures are also
developed during lightning strikes. Here, we describe two rock fulgurites from Kinmen Island, Taiwan, that demonstrates
that shock metamorphic features found at the surface are also developed at depth, within fractures. The surface fulgurite is
characterized by an up to 100 μm thick glassy crust overlying fractured grains whereas within the fractures the glassy melt is
patchy and it is intermingled with brecciated rock. We document planar microstructures within alkali feldspar (sanidine)
from both fulgurites. Synchrotron Laue diffraction analysis indicates that the planar microstructures in sanidine are parallel
to the (l00) plane. We interpret these to be shock features. These grains record a residual stress of up to 1.57 GPa, well
above the 0.38 GPa recorded in grains that are not affected by lightning. We carry out 1-D numerical modeling to simulate a
lightning strike on rocks with subsurface, fluid-saturated fractures. The model shows that electric current density in fractures
up to 20 meters deep can be as high as that on the surface, suggesting that lightning-induced low-level shock metamorphism
may form at depth.
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