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Summary

In the previous paper the author reported on an experiment on the process of met-
amorphosis of snow particles into depth hoar crystals (reference (1)). Blocks of compact
snow were subjected to temperature gradients in a cold room and during several days the
snow particles changed into depth hoar crystals. It was shown that two kinds of crystals
developed, the skeleton type and the solid type.

Crystals of depth hoar are found in the snow layer near the ground in Hokkaido.
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And sometimes a snow layer of compact snow is sandwiched by two layers of depth hoar
in the lower levels of a snow cover. The compact snow might have a lesser tendency
to change into depth hoar, while fragile or soft snow is easily metamorphosed into depth
hoar. The snow density, dimension of air void in the structure of snow cover and grain
size of snow particle may play an important role in the formation of depth hoar. From
this standpoint, the development of depth hoar from fresh snow, compact snow and
granular snow was studied experimentally.

Blocks of snow were placed in a cold room and kept at constant temperatures and
under constant temperature gradients for several days. Pl I-1 shows the micro-structure
of fresh snow (density: 0.152 g/cm?® before the experiment and Pl. I-2 and 3 show those
of metamorphosed snow cut into thin sections by means of the aniline method. Mean
temperature of the snow sample (7)), temperature gradient (grad 7)), lapse of time of
experiment (£} and density (8) were as follows.

Pl. I-2; T=-20°C, grad T=—0.22°C/ecm, t=16 days, £=0.205 g/cm? Pl I-3; T=
—4.3°C, grad T'=—12°C/cm, ¢=16 days, #=0.189 g/cm?.

The majority of the crystals of depth hoar were of the skeleton type as shown in
Pl. I-2 comprising 68% of the whole of the depth hoar crystals and 100% in PL I-3.
Their grain size were 1.3 mm and 2.8 mm, respectivly. The grain size was measured by
the width of the tip of disengaged crystals.

Pl. 1I-4, 5, 6 and 7 are the metamorphosed structures from compact snow. The
temperature gradients in these snow samples were —0.17, —0.22, —0.50 and —0.89°C/cm
respectively. The depth hoar crystals in Pl. 1I-4 were almost of the solid type (7=
—0.7°C, t=10days, ©=0.350 g/cm®. As the temperature gradient increased the number of
solid type crystals decreased while in contrast the number and grain size of skeleton type
cystals increased. In Pl II-7 (T'=—36°C, t=16 days, #=0.348 g/cm® many tiny crystals
indicated by arrows appeared near the large skeleton type crystals. The snow of Pl
I1I-7 was very hard after the experiment because they were cemented by these tiny
crystals.

Pl. I1I-8 is the structure of granular snow and the snow metamorphosed into both
types of depth hoar crystals as shown in Pl III-9 (7'=-1.3°C, grad 7'=-0.32°C/cm,
#=0.30 g/cm? t=12days). The density of this granular snow is rather small and each air
void between the snow particles is larger than that of fresh or compact snow. Granular
snow of a large density (¢=0519 g/cm® and small voids was prepared artificially (Pl I1I-10)
and this snow metamorphosed to the snow of Pl I1I-11 (7'=—2.0°C, grad 7=—0.22°C/
cm, t=16days). Crystals of depth hoar were not found in Pl III-11 and particles of
granular snow were cemented by small crystals and the snow became very hard.

The above experiment shows that the snow density, the dimension of air void between
snow particles and the grain size of snow particles play an important role in the devel-
opment of depth hoar. This was also ascertained by the next experiment.

4 kinds of snow blocks were kept in the cold room under the same conditions (T =
—2.0°C, grad T=-0.37°C/cm, t=11 days).

A ; granular snow, grain size =1~3 mm, #=0.366 g/cm®.

B ; compressed granular snow, the snow A was compressed uniformly, 6=0.450
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glem®.

C; compact snow, grain size is smaller than 0.5 mm, 0=0249 g/cm®.

D; compressed compact snow, the compact snow C was compressed uniformly to
the same density as A.

The metamorphosed structure of A, B, C and D are shown in Pl. IV-13, 14, 15 and
16. Types of depth hoar crystals and their grain size are shown in Table 1. Large
skeleton type crystals grew in granular snow A, but in compact snow D in which the
density was the same as A, small solid type crystals grew under the same thermal
conditions.

Pl. V shows the crystals of depth hoars grown in holes with a diameter of 8 mm
which were made in the block of compact snow perpendicularly to the direction of heat
flow. Large crystals grew from the colder wall to the warmer one of the holes as shown
in Pl. V-17. (T'=-3.3°C, grad T=—0.92°C/cm, #=9 days). Pl. V-18, 19 and 20 are the
crystals taken out of the holes A, B and C respectively. According to Kobayashi’s
experiment, for the development of needle crystals, a higher supersaturation of water
vapour to ice than in the skeleton type crystal is required. (reference (6)). In the snow
near hole A, no needle crystals were found. The supersaturation of water vapour to
ice necessary to develop needle crystals was brought about only in hole A.

Series of experiments showed that large voids between snow particles are required
to grow large depth hoar crystals.
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