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Summary

Crystal imperfections in ice, such as dislocations, elementary layer structures, small
angle boundaries and so on, were studied by the use of the Divergent X-ray technique,
which has recently been developed by Fujiwara and others'V'®. In this device, diffrac-
tion patterns (Laue spots) as well as transmission patterns, from a single crystal are
enlarged in a great degree on a X-ray radiogragh, and crystal imperfections can be
detected in each of the spots as fine structures as seen in the broad spots in Figs. 3
and 4. The divergent X-ray technique also offers advantages for obtaining detailed
information about various crystalline aspects of the entire body of a specimen at a time,
because each spot on a single X-ray photograph offers reflections of different kinds of
crystal defects in various crystallographic planes. A schematic diagram for this method
is shown in Fig. 2.

A divergent white X-ray beam from a micro-focus X-ray tube, A, through a circular
slit, S, is diffracted by a thin plate of ice single crystal, E, and enlarged Laue spots
(broad Laue spots) are obtained on a X-ray film, F. A transmission pattern is obtained
at the centre of the film by an exposure for a few seconds. Double bright “spectral
lines”, L, in a diffraction pattern from characteristic X-rays (K. and Kj), are observed
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in some of the broad Laue spots, and the corresponding decrease of X-ray intensity is
observed in a transmission pattern as the dark “shadow lines”, Q, which are generally
parallel to the spectral lines, L.

Most of the ice used in the present experiment were cut out from a large single
crystal of ice brought from the Mendenhall Glacier in Alaska.

Fig. 3 shows a typical example of a divergent X-ray diffraction pattern from a single
crystal of ice. A number of parallel thin stripes are seen in the the four broad Laue
spots labelled 1, 4, 5 and 6. The directions of the stripes in each spot have a definite
relationship to the indices of the corresponding diffraction planes. It was shown by
the use of the relationship that the directions of the stripes are parallel to the inter-
sections between the crystallographic basal planes and the diffraction planes. These
stripes must, therefore, be the reflections of the layered plane defects parallel to the
basal planes in the ice crystal. The distance between the neigebouring plane defects was
found 40~50 pr. Nakaya® observed elementary layers of 60 # in thickness parallel to
the crystaliographic basal planes in his bent ice crystals. The stripes observed in the
present experiment may correspond to the boundary layers between Nakaya’s elementary
layers. It should be noted in our experiment that the plane defects were observed layer
by layer in the ice crystals which had never been subjected to any deformation.

Dislocation density in any crystal generally increases when it is deformed. In our
experiment, however, dislocations in an ice crystal disappeared when it was subjected
to a very small deformation. The apparatus used in the experiment is schematically
shown in Fig. 1. The ice plate, S, fixed to the gonio-head, G, was pulled up by a
weight through a string, and the extension was measured by the displacement-meter,
D. Fig. 4 A shows the divergent X-ray radiograph of the ice just before the extension,
in which dislocation networks are observed in the three broad Laue spots labelled 2, 7
and 10. These dislocations completely disappeared after an extension of 0.1% was made
under a resolved shear stress of 80 g/cm?.

Another remarkable change was found in diffraction patterns before and after a
small extension. Somewhat disturbed fine structures observed in the spectral lines
before the extension, as shown in the spots labelled with 1, 3, 4, 6 and 12 in Figs. 4A
and B, completely disappeared after the extension of 0.1% as shown in Fig. 4C. The
brightness of the spectral lines became uniform, black and white lines appeared crossing
over the spectral lines. These black and white lines in the spectral lines might have
been caused by the simultaneous reflection in a perfect crystal as Fujiwara suggested
in his paper.

It should be emphasized that the dislocation networks disappeared and the spectral
lines became uniform after a small extension, which strongly suggests that an ice crystal
attains higher perfection by a small deformation under a low stress.

A small angle grain boundary was observed in each Laue spot labelled 1, 2 and
3 as a slightly curved line “b” in Fig. 5 A. When the ice was slightly bent, the
images from the small angle boundary as well as the spectral lines became doubled as
shown in Fig. 5B, which indicates that the boundary moved during the bending.

The diffraction pattern from a non-basal gliding ice was examined. Figs. 6 A and D
respectively show part of a diffraction pattern and a transmission pattern, where line
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1 in the former is complementary to line 1 in the latter. When a family of diffracting
planes which reflect a characteristic X-ray is not distorted, the spectral lines as well
as the shadow lines are recorded as straight lines. These straight lines became zigzag,
heavily curved or broken during the non-basal gliding as illustrated in Figs. 6 B and E.

This strongly suggests that the mutual misorientation and partial fault are produced
in a family of crystal planes which satisfy the condition of reflection of characteristic
X-rays as illustrated in Fig. 7.

Diffraction and transmission patterns from a single crystal of ice containing an air-
bubble and from a single crystal of ice containing rock fragments were also examined.

Fig. 8 A shows the broad Laue spots diffracted from an ice lattice close to an air-
bubble of 1.5 mm in its long dimension whicn is also clearly seen in the transmission
pattern (Fig. 8 C) as an ellipse-like image. Figs. 8 B and D illustrate the corresponding
X-ray photographs taken atter 4% extension of the ice. No remarkable difference was
found in the fine structures and the spectral lines between these spots before and after
the deformation. This may suggest that an air-bubble does not produce a remarkable
distortion around it.

Fig. 9 A shows the (2425) broad Laue spot diffracted from ice containing rock frag-
ments which are seen in the transmission patters in Fig. 9B. The spectral lines in
the Laue spot is heavily disturbed, which indicates that crystal lattice is strongly
distorted by the rock inclusion. The spectral lines diffracted from the portion located
5 mm apart from the fragments is shown in Fig. 9 C, which are not very much
distorted by th rock framents as compared with those in Fig. 9 A,



