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Densification of layered firn of the ice sheet in the vicinity of Dome Fuji, Antarctica
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The densification of two ~110-m-long firn cores recovered at two sites, Dome Fuji (DF) and a site ~10 km south (DFS) was
investigated based on continuous profiles of the dielectric permittivities at ~34 GHz both in the vertical and in horizontal, &,
and &, respectively. Dielectric anisotropy Ae (=g, - &) were then examined as an indicator of anisotropic structure. The two
sites, DF and DFS are characterized by contrasted surface mass balance in the wind-ward side (DF) of the ice divide and the
rain shadow in the lee (DFS) of the ice divide. We find that the two firn cores have properties as follows. Two cores have
typical density profile of inland plateau of Antarctica, from the surface to the close-off depths. When permittivities increase
with increasing depth due to densification, Ae decreases from its initial large values ~0.07 to ~0.01. The two sites have very
similar depth-permittivity profiles. However, A¢ at DFS is nearly half of A at DF, suggesting that anisotropic structure of the
pore space and ice are less well developed or more easily collapsed at DFS. For the DFS core, correlation between density and
the major ions were examined for depth range of 80-85 m, that is, depth range just before close-off (at ~103 m) of air bubbles
where amplitude of the density fluctuation has local maxima after the density crossover. We find that density fluctuations are
well correlated to concentration of Na and SO,4. These ions are known to have higher concentration in winter at DF (lizuka et
al., 2004). Then, the observation suggests that the densification occurs more in winter layers than summer layers, in agreement
with discussions of the previous studies of firn layers at DF (Fujita et al., 2009). In addition, we find no correlations between
density fluctuations and ion concentrations such as Ca, Cl or NHy, implying that these ions play no major roles to enhance
densification of firn at DF and DFS. Possible effects of fluorine ion must be examined in future. We argue that the summer
metamorphism due to insolation is the cause of the density-layering near the bubble formation zone in the vicinity of Dome
Fuji, as we discussed in detail in our previous paper (Fujita et al., 2009).
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