
The nearly pure bentonite beds 
found in this locality are derived from 
volcanic tuff of Cretaceous age. Some 
of the characteristics typical of the 
material making up these beds have 
been described (6); one property that 
was not mentioned, however, is the un- 
usual ability of this bentonite to im- 
bibe water and swell rapidly. Most ben- 
tonites when wetted tend to be self- 
sealing; that is, they swell rapidly at 
the point of contact with water, but 
in swelling they become highly imper- 
meable to water so that it may take 
several days for a wetting front to ad- 
vance significantly. Umiat bentonite is 
different in that even large fragments, 
when put in contact with water, imbibe 
and swell rapidly. Undoubtedly the 
flows shown on the cover are greatly 
facilitated by this unusual ability of 
Umiat bentonite to imbibe water, but 
the degree to which this property gov- 
erns the occurrence of flows like those 
shown in the cover photo is as yet un- 
known. 

Earth-flow levees and flow lobes sim- 
ilar in many respects to those observed 
along the Colville River have been de- 
scribed at Franklin Bluffs (7) overlook- 
ing the Sagavanirktok River, at Schra- 
der Lake (8), and also in the St. Elias 
Mountains. A survey of the 1948 
aerial photography of northern Alaska 
brought to light numerous other oc- 
currences of slides having the same 
distinctive morphology of those shown 
on the cover. In view of the peculiar 
combination of circumstances required 
to initiate the slides along the Colville, 
it is likely that the existence of similar 
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Odencrantz et al. (1) have observed 
fine whiskers on the surface of ice 
crystals upon examination by a replica- 
tion technique with a scanning electron 
microscope. These whiskers, being less 
than a micron thick, might be expected 
to fracture as the result of a collision 
between two ice crystals or an ice crys- 
tal and a water drop within a cloud. 
The small splinters thus produced 
could act as new ice nuclei. If the ob- 
served whiskers are a feature of the 
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slides in nearby localities is indicative 
of exposed bentonitic sediments. We be- 
lieve that smooth-sided, leveed, U- 
shaped mud-flow channels of the type 
described may be sufficiently distinctive 
on aerial photographs to differentiate 
bentonite debris flows from other debris 
and mud flows with high reliability. In 
view of the probability that develop- 
ment of the newly discovered petroleum 
reserves will stimulate plans for the 
construction of roads, pipelines, and 
the like in Northern Alaska, where un- 
stable bentonitic slopes present a wide- 
spread construction hazard, the ability 
to locate and avoid these hazards is 
likely to become valuable. 
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surfaces of the ice crystals and not an 
artifact produced by the experimental 
technique, the results are important in 
meteorology. Studies of replicas of ice 
crystals by means of a scanning elec- 
tron microscope (2) indicate that the 
structure of the replica produced de- 
pends strongly upon the material that 
forms it, and that faithful reproduction 
of the ice surface on a microscopic 
scale is extremely difficult to achieve. 
The replicating material may either 
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fail to conform to the ice surface or 
it may severely modify the ice surface. 
Optical microscopy is unsuited for the 
observation of such fine structure as 
that reported by Odencrantz et al. be- 
cause of the limit of resolution and the 
small depth of field. Therefore I stud- 
ied the ice surface directly with a 
scanning electron microscope without 
the aid of replicas. 

The specimen chamber of a scan- 
ning electron microscope must be 
maintained at a pressure of less than 
10-4 torr, and any specimen must have 
a surface electrical conductivity that is 
high enough to prevent charging by the 
electron beam. Since these two condi- 
tions can be fulfilled for an ice speci- 
men, direct observation of the surface 
of ice is possible. In order to reduce 
the vapor pressure of the ice sufficiently 
to achieve the required vacuum, the 
specimen must be cooled. This was 
done by mounting the specimens on 
thermally insulating supports and rely- 
ing upon the heat of vaporization to 
lower the temperature (3). The re- 
vealed surface structure of evaporating 
ice differs from the surface structure 
in a saturated environment. Evapora- 
tion reveals details of the underlying 
structure that would not be apparent 
in a saturated environment. All sam- 
ples were made from water that had 
been distilled three times and had an 
impurity content of not more than 5 
parts per million. Polycrystalline speci- 
mens were made by freezing water 
droplets (2 mm in diameter) on the 
end of glass capillary tubes in a refrig- 
erator maintained at -20?C. Single- 
crystal samples were cut from large 
crystals grown by the method of 
Siksna (4); crystals of various habits 
were grown in a diffusion chamber. 

Immediately after insertion in the 
microscope, the cut single-crystal sam- 
ples exhibit a smooth, although not flat, 
surface. As evaporation continues, the 
surface becomes etched, and on the 
surfaces at an angle to the basal plane 
steps appear as a result of the more 
rapid evaporation of the prismatic 
faces. Figure 1 shows such a surface 
after evaporation for 30 minutes. The 
basal plane is the most prominent 
structural feature of the ice crystal, but 
prismatic planes are sometimes seen. 
Surfaces in the direction of the basal 
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in some samples lines of hexagonal 
etch pits appear. 
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Scanning Electron Microscopy of Evaporating Ice 

Abstract. Direct observation of evaporating ice with a scanning electron micro- 
scope indicates that the surfaces of single-crystal and polycrystalline ice are 
markedly different. In specimens of single-crystal ice the crystal planes are re- 
vealed by evaporation, whereas polycrystalline ice develops a fibrous surface. 
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A diffusion chamber was used to 

grow ice crystals of various shapes, 
including column and plate crystals, 
from the vapor. Column crystals evap- 
orated in a manner similar to that of 

single crystals cut from a large sample. 
The thin plate crystals evaporated with 
the formation of deep etch pits and 
holes distributed with roughly hexag- 
onal symmetry (Fig. 2). The ice sur- 
face is free from whiskers. 

Since polycrystalline ice is a collec- 
tion of small crystallites, one might 
expect the surface to show features 
similar to those of the single-crystal 
samples. In a few cases such small 

crystals were seen; however, this ap- 
pearance of crystals was confined to a 
small region in a few samples. The 
characteristic structure of polycrystal- 
line ice consists of a suface with no 
obvious crystalline features, which 

gradually develops a fibrous or whisk- 

ery appearance as the ice evaporates. 
This type of surface structure appeared 
on all polycrystalline samples, includ- 

ing those with regions exhibiting the 

single-crystal type of surface. This 
surface structure is very delicate, the 
fine whiskers or fibers being less than 
half a micron thick and many times as 

long. The surface structure most com- 

monly appears as a complex fibrous 
structure (Fig. 3). In some cases the 
surface structure first appears as dis- 
tinct whiskers (Fig. 4). This whisker 
has a complex structure with fine 
strands at the end of a shaft about 6 u, 
wide. 

The fragile nature of the strands 
is indicated by the fact that one has 
broken from the main structure as the 

micrograph was taken. This complex 
surface structure is a feature of all 

polycrystalline ice. If a single-crystal 
sample is mechanically polished after 

being cut from the large crystal, the 
surface initially develops a fibrous sur- 

face; after evaporation for approxi- 
mately 10 minutes the fibrous surface 
structure disappears, and the normal 

single-crystal structure appears. This is 
in agreement with the observation by 
Muguruma (5) that specimens of pol- 

Fig. 1. Surface of single-crystal ice evaporation for 30 minutes [instrumentation 
magnification (I.M.), X 2500]. Fig. 2. Etch pits on planar ice crystal (I.M., X 240). 
Fig. 3. Surface structure on polycrystalline ice (I.M., X 1200). Fig. 4. Whisker on 
surface of polycrystalline ice (I.M., X 750). 
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ished single-crystal ice have mechanical 

properties consistent with the existence 
of a surface layer 10 ts thick with many 
dislocations. 

The fact that the same water was 
used for polycrystalline and single- 
crystal samples and that all samples 
were exposed to the same environment 
rules out the possibility that the whisk- 
ers on polycrystalline ice result from 
volume or surface contamination. It is 
unlikely that polycrystalline ice, evap- 
orating in an air stream, would develop 
such a pronounced whiskery surface; 
one would expect the air stream to frac- 
ture the surface structure and transport 
the surface elements away as small 
splinters before the surface structure 
attained the lengths observed in 
vacuum. In the case of pellets of poly- 
crystalline hail, such small splinters 
would be liberated in subsaturated re- 

gions where the hailstone evaporates; 
it is therefore unlikely that such splin- 
ters would be found in the supersatu- 
rated region of the cloud where they 
could act as ice nuclei. 

The fragile surface structure of poly- 
crystalline ice could, however, be re- 

sponsible for the charging of ice by 
evaporation (6). Electrostatic forces 
between an ion and the ice surface in 
which it is embedded are too great to 
be overcome by the evaporation proc- 
ess. Therefore, no loss of charge from 
a smooth evaporating surface is expect- 
ed, even though an evaporation cur- 
rent has been observed for evaporating 
polycrystalline ice. If the ice develops 
a fibrous surface during evaporation 
in an air stream, the fracturing and 

transporting away of the fine struc- 
ture could produce electrical charging 
in the same manner as that observed 
(7) for frost deposits exposed to an 
air stream. 
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