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Summary

H. G. Dorsey first reported that when water in an open container froze, an ice
column rarely grew into the air from the frozen surface of water. Since then, several
other workers reported the similar ice formation in vacuum and some investigators
studied such columnar ice in conjunction with the formation of a spike protruded from
a hailstone.

There seems to be, however, no detailed description on the initial stage of the
growth as well as the structure of this kind of columnar ice.

In the present study, observations were made in detail on the forming process of
columnar ice in order to clarify the growth mechanism of the ice protruded from the
solidified surface into the air.

Distilled water was put in many glass shells of 720 cm in diameter and 3cm in
depth, and it was frozen in a cold laboratory at —10°C. The freezing process of water
was observed under a polarized light, which is illustrated in three photographs of
Fig. 1 in the text. A number of tiny ice crystals first appeared on the wall of the
shell, from which dendritic crystals began to grow (Fig. 1-a). They grew rapidly and
soon covered the surface of water leaving a number of areas with small open water
among them (Fig. 1-b). Dark areas marked with A,B,---, and E in Fig. 1-c indicate
open water found at the end of the freezing process. The number of the open water
areas became smaller with time, and at last there remained only a few open water
areas with triangular or quadrilateral shapes. It was found that only when there
remained one open water area covering 1-3 cm? by chance in the frozen surface, colum-
nar ice started to grow from the open water. In other words, columnar ice was rarely
formed when more than two open water areas remained in the solidified surface.
Gradually pushed up by the increasing of water pressure due to the further freezing
of water in the shell, the surface of this isolated open water area remaining only one
became higher than the frozen surface as shown in Fig. 2-a. At the same time, the
marginal rounded surface of the elevated open water was frozen, forming, a thin wall
of ice around it. The surface of the water in the ice wall was continuously pushed up

to the top by an increase of internal water pressure. Columnar ice gradually grew in
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this way at a nearly constant growth rate of 10 gfsec at —10°C until the freezing of
water in the shell was completed (Fig. 5). A stripe pattern showing a layerlike struc-
ture was observed on the wall of simple columnar or inverse triangular type during
its growth, and the pattern disappeared after the ice column was completed. It was
confirmed that the pattern was due to the layered dendritic ice crystals extended out
the inner wall of ice to the water in the ice column. As soon as the growth of the
columnar ice stopped, the water still contained within the ice column began to freeze
leaving a number of air bubbles as shown in Fig. 4-e. During the freezing, another
small ice column was sometimes formed on the top of the columnar ice (Fig. 3-c).
The size of the columnar ice was 4-10 cm lengthwise and 3-4 cm in thickness.

Columnar ice observed in the present study can be classified into four types by
shape : (1) tapered column (Fig. 3-a), (2) inverse triangular column (Fig. 3-b, ¢), (3) simple
column (Fig. 2-b) and (4) combined column (Fig. 4).

A growing ice column was cut and its cross section was examined under a polar-
ized light (Fig. 2-c). A water channel was found along the long axis of the column
through which water was supplied to the top of the column from below during the
growing process. As seen also in this figure, the ice column was composed of three
ice crystals which originally started to grow from the three sides of the triangular-
shaped open water.

An ice column started from a quadrilateral shaped open water area usually con-
sisted of four crystals at the early stage of the growth. Fig. 4-d shows a cross section
cut out of the lower portion of the ice column shown in Fig. 4-a. In this ice column,
however, two of them disappeared at the later stage of the growing process and only
two other crystals remained at the last stage of the growth as illustrated in Fig. 4-b,
which shows the cross section cut from the upper portion of the same ice column
marked with the broken line 1-2 in Fig. 4-a.



