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Summary

Some kinds of snow, such as wind-packed snow, harden quickly below the freezing tem-
perature. In the Rocky Mountains Region of the United States what Martinelli (1971) calls
“initial hard slab” is a wind-packed snow with a high density hardened in just a few days
after a strong wind storm. Another hard snow, called “hard depth hoar” in Japan, is a
high-density snow which metamorphosed under a strong temperature gradient (Aburakawa
1972, Akitaya 1974); they showed that the texture of this hard depth hoar consisted of large
crystals which were cemented by many fine crystals developed by the strong temperature
gradient.

To make hard snow field experiments were conducted at Fraser Experimental Forest,
Colorado, U.S. A. The snow around the surface layer of low-density snow was compacted
with a shovel uniformly to make a high-density snow. Experiments started after the sunset,
when the temperature of the surface fell rapidly and a strong temperature gradient appeared
near the surface. Snow samples were subjected then to the measurements of Kinosita’s hard-
ness on the surface, along with the temperature of the surface, and at the depth of 3cm. An
increase in hardness with time is plotted in Fig. 1. The columns on the right-hand side of
the figure show the mean snow surface temperature, mean temperature gradient for six hours
and snow density. The slope of 4H, the hardness increase, is larger at the beginning of the
experiment than later. Figure 2 shows that the hardness increase depends on the density and

temperature gradient.

The hardness increase is also a function of temperature because connections between
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snow grains progress by rapid sintering at high temperatures. Then we can assume the
following equation :
log 4H = alog |Ts| +8log | Ts| +7logp+ K,

where 4H: hardness increase after six hours, 7s; mean snow temperature, 7T, : temperature
gradient, p: snow density, and K: constant. The following equation was obtained by multiple

regression analysis.
AH = 4337 | T| 7093 | Ty| 13604 ph278 | r=0.961.

Figure 3 shows particles of quick-hardened snow :

a. wind-packed hard slab at the snow surface formed by a strong wind storm after one
day at Berthoud pass, Colorado;

b. snow packed by treading down which became very hard after one night under a strong
temperature gradient. Snow particles shown in the pictures do not have smooth rounded
surfaces but are irregular with many small ice grains. These small grains look like ice crystals
formed by sublimation and deposition under strong temperature gradients similar to those which
make hard depth hoar (Akitaya 1974).

Experiments using ice hemispheres to observe the quick hardening process under strong
temperature gradients were conducted in a cold room as shown in the schematic diagram
of Fig. 4. Figure 5 shows the time-lapse pictures of the experiments. The temperature
gradient between the particles arranged vertically (a-f and b-g, etc.) is larger than the particles
arranged horizontally (a-b and g-h, etc.). Particles ¢ and h, which have the smallest air
gap, are connected first with fine crystals (¢=15) followed by a and f (z=40).

Particles b and g, which have the largest air gap, are not connected after 120 minutes.
Water vapor is transported from the warmer (lower) particles to the colder (upper) particles
by sublimation and deposition under a strong temperature gradient. Many fine, needle-like
crystales of ice developed from the warmer side of the cold particles and they connected the
particles arranged in the direction of the temperature gradient. On the contrary, bonding
between the particles in contact from the beginning, which were arranged horizontally (a-b
and g-h, etc.) and almost at the same temperature, grows slowly by the sintering process.

It can be concluded from the experiments in the field and the cold room that the initial
hard slab mentioned by Martinelli is the same snow that is called hard depth hoar in Japan.
The initial hard slab will appear in a few days under the following conditions: a high-density
snow is deposited by a strong wind storm at relatively high air temperatures followed by
rapidly falling air temperatures after the storm. Also, radiation cooling is efficient in causing
a strong temperature gradient near the snow surface. Then quick hardening will occur near

the surface of the high-density snow under a strong temperature gradient.



