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Summary

Dislocation structures of single crystals of both ice grown from a melt and glacier
ice have heen extensively studied by several investigators by the X-ray topographical
method! ™ (Lang methed). There are, however, few studies on crystal imperfections in
snow or hoar crystals which are grown from water vapour. The present author re-
ported in the previous paper preliminary results on an X-ray topographical study on
hoar crystals®, in which some hoar crystals were found to be dislocation-free perfect
crystals.

The present paper describes X-ray diffraction topographs of hoar crystals together
with those of tabular ice crystals grown from a melt.

Figure 1 shows the X-ray topographs of a hoar crystal collected from the surface
of a large block of snow which had been stored in a cold room for several years. The
hoar crystal had the shape of hexagonal plate 0.5~1 mm in thickness and 5 mm in the
major dimension.

The photograph A on the left was taken in the direction of the diffracting vector
{1010), and the photograph B on the right in the direction of {1120>. In hoth cases,
an X-ray beam was scanned over the basal plane (0001). Some dislocation lines seen in
Fig. 1A were absent in Fiz. 1B, and vice versa. When the extinction condition of this

topography on dislocation images was taken account of, the Burgers vertor b of the
majority of basal (0001) dislocations in the hoar crystal was found as ‘;— {1120), which

is in accordance with the previous results obtained for single crystals of ice grown from
a melt.

Dislocation lines labelled with b, ¢ and d in Figs. 1 C and 1D are of the screw
dislocation with the Burgers vector %—(11?0), while dislocation lines a are of the edge

dislocation having the same Burgers vector.
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It is well-known that two equivalent basal dislocations, for instance, the Burgers

vectors %<ZHO> and %(TZTO}, meet and join to make another equivalent, new basal

dislocation of %(1120)”.

In our experiment, however, another type of dislocation reaction was found. Dis-
location lines in the rectangular frames in Fig.1 A and 1B are respectively drawn in
Figs. 1E and 1F. Dislocation lines marked with p, q, and r in Fig. 1E are observed
only in Fig. 1 A, while they are completely absent in Fig. 1 B. When the extinction
condition is taken account of these dislocations are believed to be of the {1010 type,
which are produced by the following dislocation reaction :

% {1120) +% {2110y — a <1010}

Figure 2 illustrates the X-ray diffraction topographs of another hoar crystal taken
in the direction of the different diffracting vector <1010 for Fig. 2 A and {1120> for
Fig. 2B. Near the lower edge p where the hoar crystal started to grow, the disloca-
tion density is so large that an individual dislocation can hardly be seen separately.
Away from the point P, however, the dislocation density becomes so small that no
dislocation line is seen in the upper part of the crystal.

In Fig. 2A Pendelldsung fringes are clearly seen along the periphery of the crystal.
This also gives another evidence that the upper part of the hoar crystal is dislocation-
free or distortion-free.

Several triangular dark images are observed in Fig. 2A. The fact that the images
are completely absent in Fig. 2B strongly suggests that these images are Shockley-type
stacking faults lying on the basal plane of the hoar crystal. These stacking faults are
extending fairly widely to be of the order of 1 mm in larger dimension. A stacking
fault has never been observed in pure ice crystals. However, similar images of stacking
faults have been observed in NH;-dopped ice crystals by Oguro and Higashi'® and also
in zinc crystals by Fourdeux et al.ll.

Typical X-ray diffraction topographs of a tabular ice are shown in Figs. 3 A and
3 B. Diffracting vectors for each topograph are indicated by the arrow g. A great
majority of dislocations observed in these figures are dislocations of the {1120) type,
while a small number of dislocations which perpendicularly intersect with the small
angle boundary a are of the {1010} type.

Evaporation etch pits were produced on the surface of one and the same hoar
crystal as shown in Fig. 2.

Hexagonal etch pits were then formed chemically at the bottom surface of each
evaporation etch pit. The microphotographs, a, b and ¢ in Fig. 5, which show hexagonal
etch pits, were taken at the evaporation pits labelled with a, b and ¢ in Fig. 4; they
also correspond to &, b and ¢ in Fig. 2 A, respectively.

Chemical etch pits are generally believed to be produced at the emergence points
of dislocations in a crystal”?. The density of the chemical etch pits obtained in the
figures a, b and ¢ in Fig. 4, is, however, much larger than the density obtained from
the X-ray dislocation images observed at the corresponding spots a, b and ¢ in Fig. 2A.

It is, therefore, most unlikely that there is a one-to-one correspondence between
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chemical etch pits and the emergence points of dislocation lines, even if dislocations
lying on the basal plane (0001) are not always visible on X-ray topographs due to the
extinction condition. Such unlikeliness is also supported by the microphotographs in
Figs. 6-1 and 6-2 of the evaporation and chemical etch pits which were formed on the
surface of a tabular ice in the frams marked “1” and “2” in Fig. 3 A. The density of
chemical etch pits is also much larger than that of X-ray dislocation images observed
in Fig. 3 A.



