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Summary

It is well known that sea ice has a characteristic structure. Vertical thin ice sheets are
standing parallel side by side constituting a small ice grain and the grains are interlocked
each other resulting in the type of mosaic structure. Condensed salt water, which is rejected
during freezing, or the so-called brine is captured between the ice sheets. Crystallographic
c-axis orientation of the grain is perpendicular to these thin ice sheets and tends to be in
the horizontal plane with random direction in that plane. However, few observations of its
a-axis orientation have been made.

The etch pit formed during thermal etching is a useful method to determine the crys-
tallographic axis. The author made thermal etch pits on sea ice and measured the distribu-
tion of the crystallographic orientation from the shape of etch pits as a part of field experi-
ments in Barrow, Alaska, in March 1980,

The thickness of the ice sheet, about 100 m off shore, was about 1.5m. Several blocks
of ice were cut out from the upper 1 meter ice sheet to make pits with a dimension of about
2x2m. Some cores were drilled at the bottom surface of the pits to fill with sea water.
Sea ice was grown on their pools generally for about 18 hours. The range of air temperature
was from —18 to —33°C and the thickness of ice samples accordingly was from 4 to 8.5cm
when they were collected.

The collected ice samples were kept at higher temperature, i.e. from —5 to —10°C, at
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least for a whole day to drop the brine. Horizontal and vertical thin sections of these samples
were made by a plane to observe the grain structure by means of polarized light.

Thereafter the horizontal surface was coated with a 1% solution of polyvinyl formal
(Formvar) dissolved in ethylene dichloride. After a while etch pits were produced on the sur-
face. It is considered that they may be formed by evaporation of water molecules through
tiny holes in the plastic film after evaporation of the solvent. As the surface of sea ice is
wetted with liquid from brine, the etch pits are not developed, or, if developed, their edge
are rounded. The reason may be that the formation of the thin plastic film is inhibited by
the liquid layer on the surface. Therefore the surface has to be shaved by a razor to remove
the brine just before coating the solution. The observation procedure described above was
operated at about —15°C. Figure 3 shows the etch pits on the ice surface observed micro-
scopically. The crystallographic orientation of the a-axis as well as the c-axis can be deter-
mined by means of the shape and the ratio of the edges.

The distributions of the c-axis and a-axis orientation are shown in Figs. 4 and 5, respec-
tively. As the results of six specimens were similar despite that growth conditions were
different, they were combined into same figures. They show the results in about 1 cm upper
and lower layers of the columnar ice separately.

It is shown that most of c-axis tend to be in the horizontal plane. Some grains with
the vertical c-axis were in the upper layer. They might be the remainder of the grains in
the upper granular ice and they vanished in the columnar ice zone, accordingly there are
not such grains in the lower layer. The grains with the inclined c-axis also disappeared with
growth. It seems that the grains, whose a-axis makes an angle in the neighborhood of 0
or 30 degrees to the horizontal plane, are more than the others. In other words, the growth
direction is close to <1120)> or <1010) orientation.



