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Metamorphism of layered firn and its spatial variability at Dome Fuji, East Antarctica
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To better understand evolution of firn in polar ice sheets, firn cores from three sites within ~10-km near
Dome Fuji (DF) were investigated, using density surrogates: dielectric permittivities &, and e, at
microwave frequencies with electrical fields in the vertical and horizontal planes, respectively. Dielectric
anisotropy Ae (=ey, — &n) is then examined as a surrogate for the anisotropic geometry of firn.
Observational results include: (i) firn with smaller geometrical anisotropy deform preferentially during
densification from the surface to pore close-off; (ii) firn with higher concentration of ions such as Na",
Mg?" and SO,* develop preferential deformation at limited depths from the surface to ~30 m; and (iii)
concentrations of ions such as F, NH," or CI', known to modulate dislocation motion within ice crystal,
have insignificant correlations with density. Based on these observations, we suggest that textural effects
caused by summer insolation have major effects in densification and that impurity-based
softening/hardening effects are minor or virtually absent. We also find that cores from the three sites are
remarkably different in terms of strength of the geometrical anisotropy, mean rate of densification, and
density fluctuations, which are presumably caused by local differences in depositional conditions of ice
particles redistributed by wind.
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