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Summary

Thin hexagonal voids of the order of 1cm in diameter are often found in a large
single crystal of glacier or lake ice. Formed by the ununiform refreezing of Tyndall
flowers (or Tyndall figures) in ice crystals, these voids are called “vapourfigures”.
Vapour figures are saturated with water vapour, but do not contain air in them.
Nakaya extensively studied the formation processes of vapour figures in conjunction
with the thermal behaviour of Tyndall flowers; he showed that some internal strains
were left in the crystal lattices of ice around the vapour figures after the freezing of
Tyndall flowers.

For a more direct and detailed study of the local strain in ice in the vicinity of a
vapour figure, X-ray topographic observations were conducted in order that crystal
imperfections in ice are revealed around it. A block of ice containing a hexagonal
vapour figure was cut from a large single crystal of ice brought from Mendenhall
Glacier in Alaska. Rectangular thin plates of ice of 2mm in thickness were prepared
by the chemical polishing of the block of ice so that a hexagonal vapour figure was
placed at the center of the ice plate as schematically shown in Fig. 1. Since a hexag-
onal vapour figure is parallel with the crystallographic basal plane (0001), the crystal-
lographic c-axis of the ice is perpendicular to the largest plane of the ice plate (Fig. 1).

X-ray diffraction topographs were taken with four different diffracting vectors,
[1010], [1010], [1120] and [1120], for each sample of ice plates (See Fig. 3). Typical exam-
ples of the topographs in the vicinity of a vapour figure are illustrated in Figs. 2 A,
B, C and D, in which the diffracting vector is denoted by an arrow “g”. It can be
seen in these photographs that the dislocation density is markedly high along the
periphery of hexagon and that the greater majority of dislocations within the hexagon
are running toward the vertices or sides of the hexagon. It should be noted that most
of the dislocations in the hexagon disappear at the periphery of the vapour hexagon.
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Similar situations were observed on the other twenty samples used in the present
experiment. The configurations of dislocations observed in and around the hexagon
are schematically shown in Fig. 2~E, in which solid straight lines labelled with a, b, -+
and i represent a bundle of dislocations in the hexagonal area and a broken line indi-
cates the area of high dislocation density. By using the extinction condition on dislo-

cation images, the majority of these dislocations were found to be pure screw, 60° and
30° dislocations, which are all of the—g— {1120 type.

The X-ray diffraction topographs of another ice plate are illustrated in Fig. 4. The
configurations of dislocations are very similar to those in Fig. 2. These illustrations
in Figs. 2 and 4 strongly suggest that ice crystal lattices near a vapour figure are
heavily distorted by a number of dislocations. Networks of small angle grain bound-
aries, that is, arrays of numerous dislocations, were observed in the vicinity of a vapour
figure as shown in Figs. 4 and 5. The difference in crystallographic orientations be-
tween the neighbouring grains are so small, less than twenty minutes, that these grain
boundaries can’t be seen under polarized light. It may be noteworthy that these small
angle grain boundaries coincide in direction with dislocation lines observed in the hex-
agonal area, i. e., {1010)> and <1120).

The vapour figures described above are old and stable ones, because the samples
were from the ice which had originally formed in Mendenhall Glacier in natural cir-
cumstances many years ago and had been stored in a cold room for more than 5 years
before the observations.

For a comparison of the configurations of dislocations around an old vapour figure
with those around a newly-born one, vapour figures were prepared by refreezing of
artificially produced Tyndall flowers. The X-ray topographs taken immediately after
the formation of a new vapour figure are illustrated in Fig. 6. The new vapour hex-
agon can be seen immediately on the left of the center in each photograph. Disloca-
tion images are very indistinct compared with those around the old vapour figures,
which suggests that the dislocations are still in an unstable state.



