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Summary

It is a well known fact that the grains in glacier ice have one or several preferred
orientations. To clarify the process of formation of such orientations, some experimental
studies in a cold room were carried out. Four kinds of snow and ice, namely, natural
deposited snow with preferred orientation, artificial deposited snow without preferred
orintation, the ice with preferred orientation, and ice without preferred orientation, were
compressed into ice.

The ice with the preferred orientation was prepared by preliminary compression per-
pendicular to the direction of the compression test. Two ways of compression, namely,
compression of constant speed and constant load were used. Test pieces were cylindrical
in shape. The initial size of a snow cylinder was 5cm in diameter and 10 cm in height
and the ice cylinder was 3 cm in diameter and 5cm in height. The load F on the test
piece was raised to 5X10° kg-wt or 10x10°kg-wt with a lapse of 3 hours and for some
pieces the load was kept at the last value for an additional hour.

The ice thus obtained was investigated.

The inclination ¢ of the c-axis of each grain from the axis of compression 2z, and
the azimuth of the c-axis were estimated by a universal stage and a microscope in cross
polaroid, and these were plotted on Schmidt’s net (ice fabric diagram) and on a histogram
of frequency-inclination relation.

Figures 6 and 7, and Figs. 21 A and B indicate the orientation of ice made from
natural deposited snow, Fig. 8 and Fig. 21 C indicate that from artificial snow with non-
preferred orientation, Fig. 10 A indicates that from ice without preferred orientation and
Fig. 10 B and 21 E indicate that from preliminary compressed ice, Fig. 9A, 9B and 21 D
indicate that compressed with a constant load. Figure 9 A is for natural snow and Fig.
9B is for snow with non-preferred orientation.

The results obtained are summarized as follows: -—

(1) The orientation of snow and ice before compression does not affect the orientation
of ice obtained by surficient compression.

(2) There seems to be two preferred orientations #,=45~55° and #,=25~30°. In the
final stage of the compression, however, only 6, remains.

With the increase of the energy consumed by a unit volume of ice in compres-
sion multiplied by time dulation of compression, the pattern of the histogram seems
to change from A to E in Fig. 21.

(3) The validity of the value of 0, was confirmed by the compression of ice perpendicular

to thz preliminary compression (Figs. 9 B and 10 B).

(4) At the final stage of compression, the fabric diagram of the ice Fig. 19 shows four
maxima paterns which resemble the diamond pattern of glacier ice.

Figure 19 is a fabric diagram which shows the accumulation of only the maxi-
mum points in each diagram of Figs. 6-10, which was obtained by laying the central
trough of each diagram on the same line.

{(5) According to the grain size distribution shown in Fig. 11, the minimum grain size

in compressed ice is limited to 0.1~02mm. Therefore, the plastic deformation of
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single crystals may not occur after all grains attain their minimum size.

The internal structures of deformed ice is closely connected with the formation of
preferred orientation. The gliding cell (eye shaped structure) and the shearing plane
found by microscopic observation seem to be the most important structures related
with preferred orientations of crystals. The gliding cell behaves as a unit body with
elasto-plastic property, in the deformation of ice body. These internal structures are
shown in Figs. 12, 13, 14 and 15. Figure 12 shows the vertical and horizontal section
of compressed ice, and the cleavages in it. Figure 12 A1 shows the result of com-
pression of 3 ice plates stuck together vertically and gives the bent boundary at the
central part. Figure 13 shows the gliding cell and shear plane, Fig. 14 shows the
change of shape and appearance of ice in the process of compression. Many pieces
of small cubic ice stuck together make a test body, which has the check pattern on
it. Figure 15 shows lines of air bubbles appearing on the grain boundary, paraliel
to the shear plane.

Figure 16 shows the vertical section of ice made of 6 vertical ice plates stuck to-
gether and the histograms of tilt angle 0 of c-axis for a sample at the center (C)
and at the compression side (8). The difference between C and S can be seen.
Figure 17 shows the difference of preferred orientation between the groups of different
grain size, small grain (solid line), large grain (dotted line) and huge grain (cross
mark). It seems that the c-axis of the smaller grain is closer to the axis of com-
pression (center of the circle).

On a horizontal section of compressed ice, the orientation of grains in a gliding cell
are almost parallel, but it can not be extended to the grains around the cell. Figure
18 shows this. The numbers 1, 2, 3 and 4 attached to each gliding cell correspond
to the same number in Fig. 16 II.



