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I. Introduction 

A snow cover has a layer structure, as a rule, according to the serial deposi-
I 

tion of snowfalls. The original textures and properties of each layer are deter-
mined by "snowfall conditiqns": the amount and intensity of a snowfall, crystal 
shapes of the snow, air temperature, wind and other weather factors. The text­
ures and properties of the s"\l0w layer are changed by metamorphism accOIding to 
physical conditions (thermal and mechanical conditions caused by climatic and 
geographical factors) to which the layer has been subjected. 

In 1858, an Englishman, J. Wolley, discovered a hoar crystal layer Lom a 
deep level in a snow cover in Lapland; he p::efe:rcd to use it for making water to 
a lighter and fluffier surface snow. Reports on hoar layers in a snow cover were 
presented by E. Nordenskjold (1883) and other explorers (1885-1910) to Antarctica 
and Greenland. 

Paulcke (1934) found the same hoar crystal layer as this in the Alps, and made 
precise observations of the shapes of hoar crystals, namely: hollow prism, solid 
six-sided plate, six-sided prism terminated by a pyramid and a Casal plane, and 
six-sided prism closed at the top by a pyramid. He named the snow consisting of 
these crystals "Tiefenreif" or "Schwimmschnee", and waIned that the development 
of the Schwimmschnee in a snow cover on a slope tended to increase avalanche 
hazard. 

Seligman (1934) selected the name "depth hoar" for each crystal or an aggre­
gate of these crystals in contrast with "surface hoar", and studied its growth, 
properties and contributions to an avalanche release. Experimental studies on 
the development of depth hoar and its properties were carried out by Bader, de 
Quervain, LaOhapelle and others. 

In 1941 Kinoshita and Okawa introduced Paulcke's book entitled "Praktische 
Shnee und Lawinenkunde" to this country, where depth hoar had been unfamiliar 
to the people. 

Hirata (1941) made the first report of depth hoar in Japan; he found depth 
hoar crystals in an alpine snow cover in Honshu, Japan. "Kawaki-Zarame Yuki" 
(Kawaki means dry, Zarame granular, and Yuki snow, in Japanese) by his classi­
fication of deposited snow seems to correspond to "Kornschnee" by Paulcke, and 
to "solid-type depth hoar" by the present author. 

Saito (1945) studied deposited snow in Hokkaido, and observed the process of 
growth of depth hoar in a natural snow cover. He chose a Japanese name, 
"Shimo-Zarame Yuki" (Shimo means hoar), for the depth hoar. This name has 
been adopted as the official name of depth hoar in the classification of deposited 
snow by Japanese Society of Snow and Ice (1967). 
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Yosida and Kojima (1950) studied the process of growth of depth hoar under 
a microscope in a laboratory: a temperature gradient was applied horizontally 
to a specially prepared sample of the snow grains scattered on a fine silk net. They 
observed that a hoar crystal developed through the following process: at first, 
water evaporates sublimatically from a snow grain; then, its vapour migrates in 
an air space; finally, the vapour rea'Jhes and subEmatically condenses on the colder 
side of the snow grain neighboring the first one. On the basis of the laboratory 
study, they com;:der(d two types of mechanisms of water vapour migration in 
real snow when a negative temperatu:'e gradient* existed vertically in it: the one, 
a long distance migration of water vapour through narrow air channels in snow, 
and the other a chain of micromigration of water vapour from a grain to the 
neighbOTing grain. They concluded that the latter mechanism, which they namEd 
a "hand to hand" mechanism, must have predominantly contributed to the actual 
transference of water vapour and the formation of depth hoar crystals in real snow, 
as compared with the former mechanism. 

Afterwards, Kojima (1956) fJtudied some mechanical properties of depth hoar. 
He obtained a result thaJ

; cup-shaped depth hoar was mechanically much stronger 
than fine grained compact snow a2'ainst a ota;;ic force, while it was extremely 
fragile agains'J a dynamic fo::ce. 

On April 2, 1961, a number of large ground avalanches broke out almost all 
over the mountain district of the southern Hidaka Mountain Range, Hokkaido, 
during a period of only half the day; one of them assaulted a workmen's house and 
killed 33 and injured 12 persons. Immediately after the accident, Yosida's group 
(1963) made observations of structure of snow covers in that area, and found that 
the avalanches were caused by the collapsing of a fragile depth hoar layer with 
a thickness of 20 em at the bottom of the snow cover averaging 90 cm in thickness 
in this area. Since then, special attention has been paid to relations between 
the development of a fragile depth hoar layer in a snow cover and avalanche hazard, 
in this country. 

Chapter II gives a description of the growth of a depth hoar crystal in a 
laboratory and in a natura'! snow cover together with the classification of depth 
hoar crystals. In Chapter III the growth conditions of a depth hoar crystal is 
experimentally studied in connection with the air space in snow, snow tempera­
ture, magnitude of temperature gradient and original snow types (textures). In 
Chapter IV some mechanical properties of depth hoar and hardening of snow by 
metamorphism under a negative temperature gradient are experimentally studied. 
Finally, in Chapter V the transference of water vapour in snow under a negative 

* Let us define the sign of a temperature gradient as negative, if the higher is a level in 
a snow cover, the lower the temperature of snow. 
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temperature gradient is studied. The occurrence of natural convection of air in 
snow is experimentally observed by the use of heat flow measurement, and the 
result is applied to examine a possibility of occurrence of natural convection of 
air in a natural snow cover in Hokkaido. 

II. Growth of depth hoar 

II. l. Olassical Olassification of Deposited Snow in Japan 

The first classification of deposited snow in Japan was made by the Deposited 
Snow Research Oommittee, Ministry of Agriculture, in 1937, and was practically 
used for about 10 years. In 1946-1947, active discussions were made on the 
classification of deposited snow on the basis of an up-to-date and wider source of 
information, resulting in a revised classification. However, depth hoar was still 
not adopted properly in it because of the lack of information and researches. 

Until 1967, when the present classification of deposited snow was completed 
by Japanese Society of Snow and Ice (see Section II. 4), the following broad 
classification was practically used by snow researchers in this country. 

i. New snow: Newly deposited fresh snow. Metamorphism has scarcely 
progressed; the crystal shape of fallen snow reserved; density ranges 0.05-0.15 

g/cm3• 

ii. Fine grained compact snow: Hard and sturdy snow with a fine and com­
plicated network of ice bonds connecting snow grains, after metamorphism and 
natural densification progressed sufficiently; density ranges 0.25-0.5 g/cm3• Light­
ly compact snow was occasionally defined as snow in a transitional process from 
new to fine grained compact snow. 

iii. Ooarse grained granular snow: By a wet metamorphism, snow turns into 
coarse grained granular snow. 

II. 2. Artificial Growth of Depth Hoar 

The mechanism of growth of depth hoar crystals in snow is considered as 
follows. When a snow layer is subjected to a consistent negative temperature 
gradient for a long period, the top surface of the lower (warmer) snow grain evapo­
rates sublimatically, and water vapour migrates upward by diffusion (caused by 
a gradient of saturated water vapour pressure according to a temperature distribu­
tion) in an air space among snow grains, then condenses sublimatically on the 
bottom surface of the upper (colder) snow grain, making a hoar crystal. 

With due consideration for the foregoing a series of experiments of artificial 
growth of depth hoar crystals were carried out in the laboratory. 
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by lapse of time; the cavity left in the cabinet by the cutting out of the sample 
was filled with snow in an appropriate manner so that a thermal field was not 
disturbed in the cabinet; then the experiment was continued. 

(2) Growth of Depth Hoar in Fine Grained Oompact Snow 

As the major part of a snow cover during the cold winter season in Hokkaido 
and in alpine districts of Honshu, Japan, is composed of fine grained compact 
snow, it was selected as the first samples for the experiments of metamorphism 
under a negative temperatue gradient. Two samples A and B were prepared from 
a snow block of fine grained compact snow, 0.35 gjcm3 in density. Sample A was 
subjected to a negative temperature gradient of -0.17°0jcm, at the average snow 
temperature of -0.7°0, for 10 days, then sample B to a negative temperature 
gradient of -0.33°0jcm, at -0.9°0, for 6 days. Figure 2 shows the vertical thin 
sections: (a) the original snow, (b) metamorphosed sample A, (c) metamorphosed 
sample B. From these experiments it became clear that the texture of fine 
grained compact snow was considerably changed by a dry metamorphism under 
a negative temperature gradient, that is, fine and rounded snow grains connected 
with each other by ice bonds in complicated ways in the original snow, turned into 
large and sharply edged hoar grains connected by thin ice joints in simpler ways 
than the original. These are developments of depth hoar. 

Original snow 0.35 g/cm3 -0.17°0/cm at -0.7°0, 
10 days 

-0.33°0/cm at -0.9°0, 
6 days 

Fig. 2 Growth of depth hoar in fine grained compact snow (experiment). 
Vertical thin sections of: 
(a) Original snow, (b), (c) Depth hoar crystals 
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Samples A and B showed considerably different textures after individual 
metamorphoses. Hoar grains of metamorphosed sample A were generally small 
solid crystals with sharp edges, corners and flat crystal surfaces; these were named 
"solid-type depth hoar". On the other hand, many of hoar grains grown in sample 
B were large crystals with rugged surfaces, and were namea "skeleton-type depth 
hoar". 

(3) Growth of Depth Hoar in New Snow 

As the second 8amples of the experiment, two samples of new snow A and B, 
0.15 gjcm 3 in density, were chosen. Samples A and B were subjected to tempera­
ture gradients of -0.22°Cjcm and -1.20°Cjcm respectively, for 16 days. Figure 
3 shows the vertical thin sections of the original snow and metamorphosed samples 
A and B. In the case of sample A (Fig. 3 (b)) which was subjected to a small 

negative temperature gradient, fractional numbers of skeleton-type and solid-type 
depth hoar crystals were 68% and 32% with the average crystal size of 1.3 mm 
and 0.8 mm, respectively. On the contrary, in the case of a large negative tem­
perature gradient (sample B, Fig. 3 (c) ), all the depth hoar crystals appeared were 
the skeleton type with the average size of 2.8 mm, which was approximately twice 
as large as that of the skeleton-type crystllls in sample A. However, cup-shaped 
depth hoar crystals,well-known crystlll "hape as the typical depth hoar, were 
bcarcely observed in both samples A and B. 

Original snow 0.15 g/cm3 -0.22°0/cm at -2.0°0, 
16 days 

-1.2°0/cm at -4.3°0, 
16 days 

Fig. 3 Growth of depth hoar in new snow (experiment). 
Vertical thin sections of: 
(a) Original snow, (b), (c) Depth hoar crystals 
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(4) Growth of Depth Hoar in Cowrse Grained Granular 8nm!! 

To cover all kinds of textures of deposited snow for the experiment, coarse 
grained granular snow was finally Relected. Coarse grained granular snow, 0.3 
g/cm3 in density, was subjected to a temperature gradient of -0.32°C/cm at the 
mean temperature of -1.3°C for 12 daYR. Figure 4 shows the vertical thin sections 
of the original and metamorphosed samples. Both the skeleton-type and solid­
type depth hoar crystals were obRerved, and their crystal sizes were considerably 
larger than those of the previous cases. 

Original snow 0.30 g/cm3 

Fig. 4 Growth of depth hoar in coarse grained granular snow (experiment). 
Vertical thin sections of: 
(a) Original snow, (b) Depth hoar crystals 

II. 3. Growth of Depth Hoar in a Natural Snow Cover 

In Hokkaido the temperature of the ground surface beneath a snow cover more 
than 50 em in thickness is maintained constantly at O°C through the snow season 
of a year. As the snow surface is exposed to the cold air above, generally lower 

than O°C, during the cold winter season, a vertical negative temperature gradient 
appears as a whole in the snow cover. A vertical profile of temperature in a snow 
cover is not monotonic. Near the surface of a snow cover, snow temperature 
varies rapidly from time to time according to the change of air temperature and 
of snow surface radiation due to the quick conduction of heat from/to the surface. 
On the other hand, snow temperature hardly changes at a deep level of a snow 
cover, as there are a constant heat source in the vicinity, namely the ground, as 
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Fig. 5 Vertical thin section of solid-type 
depth hoar formed in a natural snow 
cover 

well as the slow and attenuated con­
duction of heat from/to the surface. 
As the result, the temperature 
gradient in a snow cover varies its 
magnitude and even its sign from 
time to time at a shallower level in a 
snow cover, while both the magnitude 
and the sign of the temperature 
gradient are considerably constant 
at a deeper level. A snow layer near 
the surface is subjected to a con­
sistent large negative temperature 
gradient when air temperature is 
maintained very cold continuously 
for a long period. On the other 
hand, in a snow layer near the bot­
tom of a snow cover, a very small 
negative temperature gradient IS 

constantly maintained through a 
winter season after the snow cover 
gets a sufficient thickness, although a 
large negative temperature gradient 

appears occasionally in the beginning of winter when the snow cover is still thin. 
From these considerations, it would reasonably be presumed that depth hoar 
would grow at various times in various layers of the snow cover when growth 
conditions were satisfied. 

From field observations it was found likely that a climatic factor and the 
conditions of deposited snow in the northern Hokkaido were appropriate for the 
growth of solid-type depth hoar in a snow cover. Figure 5 shows a vertical thin 
section of a solid-type depth hoar layer developed in a natural snow cover, which 
is very common in the northern Hokkaido. 

Figure 6 shows an example of a depth hoar layer acted as a sliding plane of a 
surface avalanche. On February 11, 1966, a dry slab avalanche occurred at the 
Karikachi Pass in the central Hokkaido. Next day, observations of a snow cover 
was made at the avalanche site. At the starting point of the avalanche, the 
broken plane of the snow cover and the sliding plane of the avalanche were very 
clearly observed, as shown in Fig. 6 (a). Both planes were almost perpendicular 
to each other. From the observations on the vertical section of the natural snow 
cover in the vicinity of the starting point of the avalanche, it became clear that 
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Fig. 6 
(a) Vertical section of a snow cover at the starting point of an avalanche, Karikachi 

Pass, central Hokkaido. The sliding plane was a thin layer at a level of 47 em 
level marked on the scale. 

(b) Hoar crystals in the sliding plane 

the sliding plane of the avalanche was a thin layer of very fragile coarse grained 
solid-type depth hoar. All other layers of the snow cover were composed of fine 
grained compact snow and very sturdy fine grained solid-type depth hoar, while 
skeleton-type depth hoar was observed in the bottom layer of the snow cover. 
Figure 6 (b) shows hoar crystals of the sliding layer. 

In 1965, an avalanche research station of the Institute of Low Temperature 
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o --_10 0 O-O---A 

5mm 

Fig. 9 Typical crystal shapes of snow which underwent metamorphoses, Types i. ii ..... . 
V. (As for the graphic symbols, see Table 1: Classification of deposited snow by 
Japanese Society of Snow and Ice. 1967) 
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B-3, B-4, D-4 and D-7', Fig. 10 (i): Layers B-3, B-4 and D-4 were deposited on 
December 23, 1968, by falling snow, while D-7' on January 15, 1969, by drifting 
snow. All these layers remained as fine grained compact snow until the snow 
melt season. Densities of these snow layers ranged 0.32-0.35 g/cm3 on January 
18, and increased fairly monotonically up to 0.40-0.45 g/cm3 by March 13. Hard­
nesses of these layers in January and February were 1-5 kg/cm2, which were the 
hardest snow in this area. As the snow melt began in spring, hardnesses of these 
snow layers decreased rapidly. The decrease of hardness of snow began in the 
beginning of March on the south slope, and in the middle of March on the north 
slope. 

Type ii. Fine grained compact snow-Solid-type depth hoar (Layers A-3, 
A-5, A-6, C-3, C-4 and D-3, Fig. 10 (ii)): This type of metamorphosis of snow 
was most commonly observed on the top of the mountain ridge where a snow 
cover could not become so thick because of the strong wind. Densities of these 
snow layers increased almost linearly, but more gradually than type i with elapse 

1 
0.8 • B-3 
0.6 0 B-4 

0.50 A D-4 

G 
[J D-7' 

0.45 

..fi'--'i---_A 

0.40 

Mar. 1968 

20 25 30 5 10 15 20 25 29 5 10 15 20 25 

Fig. 10 Change of density G and hardness R of a snow layer, by lapse of time, which 
underwent metamorphoses, Types i, ii .... v 
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of time until the snow melt season, up to 0.4 g(cm3• Hardnesses of these layers 
were around 1 kg(cm2 without remarkable change through the winter, while slight 
tendencies of increasing were observed in the early winter and those of decreasing 
in the snow melt season. 

Type iii. Coarse grained granular snow_Solid-type depth hoar (Layers B-1, 
C-l, C-l' and D-l, D-l', Fig. 10 (iii) ): This type of metamorphosis of snow took 
place in the bottom layer of a snow cover on the ground. Crystal shapes of 
metamorphosed snow, namely of solid-type depth hoar, were column or plate, and 
the crystal size was much larger than that of type ii. Both the density and hard­
ness of these original layers had ranged considerably widely, 0.27-0.39 g/cm3 in 
density and 0.5-2.0 kg/cm2 in hardness, and those of individual layers showed very 
small changes through the winter, although a common tendency of decrease of 
hardness was observed in the snow melt season. 

Type iv. New snow_Solid-type depth hoar (Layers A-S, A-9, B-S, B-9, 
C-9 and D-9, Fig. 10 (iv)): In this category, the metamorphosis of lightly 
compact snow into solid-type depth hoar is included. Both the density and 
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Type v. Fine grained compact snow---+Solid-type depth hoar---+Skeleton-type 
depth hoar (Layers B (12-18 cm above the ground), 0 (27-35 cm) and 0 (38-55 cm), 
Fig. 10 (v): these layers were observed during the previous winter): This type of 
metamorphosis of snow was occasionally observed in the layer near the ground, 
and the crystal of the depth hoar in the final stage had a shape of skeleton-type 
cup. Densities of these layers were fairly constant during the cold winter season, 
while hardnesses decreased gradually according to progress of metamorphosis. It 
was presumed that the development of such a layer in a snow cover on a slope 
might increase avalanche hazard. 

II. 4. Olassification of Snow 

(1) Olassification of Depth Hoar Orystals 
Definition of depth hoar can be given as follows: Depth hoar is a deposit 

of hoar crystals grown by internal sublimatic evaporation and condensation of 
water from/onto snow grains in a snow cover, which occurs when a snow layer 
was subjected to a consistent temperature gradient (generally a negative gradient). 
From a number of observations both in the laboratory and in the field, depth hoar 
crystals were classified into two types, "Solid-type depth hoar crystal" and 
"Skeleton-type depth hoar crystal". 

A solid-type depth hoar crystal is generally a small solid crystal with sharp 
edges, corners and flat crystal surfaces. It takes shapes of plate and column, 
occasionally with piramidal surfaces. A solid-type depth hoar layer is frequently 
misread as a fine grained compact snow layer. Sometimes, a solid-type depth 
hoar layer is hard and sturdy like a fine grained compact snow layer. If we 
observe the layer carefully, however, a solid-type depth hoar layer is easily 
detected by sharply edged grains in it and at times by glistening crystal surfaces 
even with naked eyes. Further, if one takes several snow grains on a black paper 
card and observes them under a magnifier, a solid-type depth hoar can be identi­
fied more clearly (Fig. 11 (a)). 

On the contrary, a skeleton-type depth hoar grain is very easily detected. It 
is a large skeleton crystal with rugged surfaces: cup-, sheath-, needle-, plate- or 
sector-shaped. A cup-shaped skeleton-type depth hoar crystal is shown in Fig. 
11 (b). As seen in the picture, this type of crystal has a large crystal body and 
thin joints at the crystal base, and a layer consisting of this type of depth hoar is 
extremely fragile against a dynamic force. 

Figure 11 (c) shows a vertical thin section of a depth hoar layer: A solid­
type depth hoar; B skeleton-type depth hoar. The present author gave a Japan­
ese name "KO-SHIMO-ZARAME-YUKI" (KO means tiny, SHIMO hoar, 
ZARAME granular, and YUKI snow) to solid-type depth hoar, and used "SHIMO-
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(3) Metamorphism of Deposited Snow 
A block diagram of metamorphism of snow was given in Fig. 12, from all the 

results of the experiments on the growth of depth hoar in the laboratory as well 
as the observations on metamorphoses of snow in natural snow covers. A solid 
arrows in this diagram indicates a possible metamorphosis to depth hoar, while 
a broken arrow to other snow types. That is, depth hoar can grow in any kinds 
of snow layers if they are subjected to an appropriate condition; the only meta­
morphosis which has not been confirmed either in the laboratory or in natural snow 
IS a metamorphosis from skeleton-type depth hoar to solid type. 

G, 
I \ 
I \ 
I \ 
I 

Fig. 12 A block diagram of metamorphism of snow. A solid arrow indicates a possible 
metamorphism to depth hoar 

III. Gro'vVtn conditions of depth hoar 

III. 1. Effects of Snow Temperature and Magnitude of Negative Temperature Gradient 
on the Growth of Depth Hoar 

The results of the experiments of growth of depth hoar in the laboratory, 
described in Section II. 2, suggested strongly that a strong relation between the 
magnitude of negative temperature gradient in snow and the type of depth hoar 
grown must have existed. A series of experiments of the growth of depth hoar 

in the laboratory were carried out in an effort to find out a possible relation. 
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-'-O.l7°C/em at -0.7°C, 
10 days 

-0.50°C/em at -1.3°C, 
12 days 

16 days 

Fig. 15 Magnitude of negative temperature gradient and type of depth hoar crystals 
grown from fine grained compact snow. 
(a) Sample A (solid type only) 
(b) Sample B (solid type predominates) 
(c) Sample C (skeleton type predominates) 
(d) Sample D (skeleton type predominates) 

snow sample through the experiment. In the case of sample D, the sample was 
subjected to the largest temperature gradient of the series, -O.89°0jcm, and a 
number of micro-crystals grew simultaneously filling up the narrow space in 
between large depth hoar crystals. It was also found that the mechanical strength 
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grain SIze of less than 0.5 mm. 
Sample B: snow of sample A was artificially compressed until the density 

reached 0.37 g/cm3 • 

Sample 0: coarse grained granular snow, 0.37 g/cm3 in density, (same density 
as to sample B) with the grain size of 1-3 mm. 

Sample D: snow of sample 0 was artificially compressed until the density 

reached 0.45 g/cm3• 

A vertical thin section of each sample prepared after the experiment is given 
in Fig. 17; the data of the metamorphosed snow including fractional number and 
gram SIze of solid-type and skeleton-type depth hoars are given in Table 3. 

Table 3 Effect of an air space on the development of depth hoar 
(see Fig. 17) 

Depth hoar crystals developed 

Sample Snow type Treatment Density 
solid type skeleton type 

g/cm 3 % size % size 

A , fine grained natural 0.25 75 0.8mm 25 0.,9mm 

compact snow 
B compressed 0.37 90 0.6 10 0.9 

C coarse grained natural 0.37 49 1.0 51 2.0 

glanular snow 
D compressed 0.45 84 0.8 16 1.3 

From the result of the experiment, it can be seen that the growth in terms 
of fractional number of crystals (%) of solid-type depth hoar is 3-9 times larger 
than that of skeleton-type, under such a condition, except the case of sample O. 
Oomparing two snow samples with the same grain size but different densities, i.e. 
samples A and B, and samples 0 and D, the smaller is the air space in the snow 
(caused by densification), the larger is the fractional number of solid-type crystals 
grown. Oomparing two samples with different grain sizes but the same density, 
i.e. samples Band 0, on the contrary, the smaller is the air space (even with the 
same porosity) in the snow, the larger is the fractional number of solid-type crystals 
grown. It can also be seen that the largest hoar crystals both of solid type and 
skeleton type grew in sample 0 which had had the largest air space between the 
grains in original snow of the 4 samples. As the result, the following were con­
cluded: 

i. A few number of large crystals of depth hoar, both of solid type and 
skeleton type, grow in snow with a large air space between snow grains. 

ii. A large number of minute crystals of solid-type depth hoar grow m snow 
with a narrow air space between snow grains. 
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Fig. 17 Effect of an air space between snow grains on the growth of the depth hoar; each 
sample was subjected to a negative temperature gradient of -0.37°0/cm at -2.0°0 for 
11 days. 
(a) Sample A, fine grained compact snow, 0.25 g/cm 3 

(b) Sample B, artificially compressed fine grained compact snow, 0.37 g/cm3 

(c) Sample 0, coarse grained granular snow, 0.37 g/cm 3 

(d) Sample D, artificially compressed coarse grained granular snow, 0.45 g/cm" 
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E 

Fig. 18 Large skeleton-type hoar crystals grown in horizontal holes A, Band C in snow, 
during 9 days. 
A: Needle and sheath crystals, 
B: Cup crystals, 
C: Plate crystals 
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Fig. 21 Large skeleton-type depth hoar crystals grown in a new 
snow layer of natural snow cover 

layer of this thin snow cover (Fig. 21); the snow cover had been thinned down to 
9 cm by natural densification, and the ground beneath the snow cover frozen. 

11. Growth of depth hoar in coarse grained granular snow: Figure 22 shows 
an example of depth hoar growth in a coarse grained granular snow layer. Figure 
22 (a) is a macroscopic feature of a vertical section of a snow cover in which depth 
hoar bas grown. The uppermost white part repesents a fine grained compact 
snow layer, while the dark part directly beneath it was originally a coarse grained 
granular snow layer and haR turned into a skeleton-type depth hoar layer. This 
layer haf< had a large air space, and the depth hoar developed m this layer consisted 
of Jarge skeleton-type cup crystals, 2-3 mm in diameter, and solid-type crystals, 
1 mm, as shown in Fig. 22 (b). 

111. Growth of depth hoar in a cavity: On March 13, 1968, active snow melt 
took place at the Rurface of a snow cover during the daytime at Toikanbet"u in 
the northern Hokkaido. At night weather was fine, and air temperature rapidly 
dropped down to -12°0. Next morning, it waR ohserved that a large number of 
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Fig. 22 Depth hoar crystals in a natural snow cover. 
(a) A vertical section of snow layers in which depth hoar developed. 
(b) A vertical thin section of the part A in (a). 

B: A grain of original granular snow, 
C: Solid·type depth hoar, 
D: Skeleton-type depth hoar 
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tiny skeleton-type depth hoar crystals with the shapes of cup and plate had grown 
downward on the underside of the surface crust of the snow cover. Fig. 23 (a) 
and (b) are respectively a view of the depth hoar of the crust which was looked at 
upward from beneath and looked at sideways horizontally. These crystals had 
developed in a large cavity right beneath the icy surface of the crust as short as 
over-night under a large negative temperature gradient, obtaining a sufficient supply 
of water vapour from wet and warm Rnow at a deeper level, which had been meta­
morphosed into coarse grained granular snow fully down to the bottom. 

lV. Growth of depth hoar in a graupellayer in a fmow cover: On January 

25, 1968, a layer of graupels, 5 cm thick, was deposited on a snow cover by precipi­
tation. On March 6 the wIid-type depth hoar growth was olJRerved only in a 
graupel layer; at that time, the graupel layer was found at a depth of 40 cm 
beneath the surface of the snow cover by successive RnOW deposition since January 
25. The original texture of the graupellayer had had a large air space, several mm 
in diameter between graupels, and thick plate solid-type crystals grew on the 
bottom surface of the graupels downward, as shown in Fig. 24. These depth hoar 


































































