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Experience with Microphotography of Buried Surface Hoar1

Torsten Geldsetzer, Bruce Jamieson and Colin Johnston
Department of Civil Engineering, University of Calgary

Abstract

We used microphotography to see if we could confirm or come up
with new ideas of how to relate visible changes in buried surface
hoar to the layer strength. New techniques and equipment were
used resulting in more consistent and frequent time series
photographs. The data we collected further substantiates some of
the ideas about surface hoar crystal metamorphism and how it
relates to layer strength.

Introduction

This paper looks at the use of microphotography for documenting
visible changes in buried surface hoar. This is done in order to try
to relate the appearance of surface hoar crystals to the strength of
the layer.

Surface hoar builds as a function of the microclimate at the snow
surface (Colbeck, 1987; Hachikubo and Akitaya, 1996). The
growth rate and direction will determine what the crystal structure
will be and this will likely affect the strength of the layer once buried, as well as how it changes over time.

Numerous factors contribute to variations in surface hoar layer strength. Those that are investigated here include:
crystal appearance, size and shape; layer thinning; crystal spacing; and spatial variability.

To document changes in surface hoar layers and the individual crystals, we took microphotographs about twice a week
from the end of December to mid-March, 1998. This adds to data we collected during the 1996/97 winter (Geldsetzer
et. al., 1997). Our main photography study area was at our Moose Log Cut Study Plot above the Bobbie Burns Lodge
in the Purcell Mountains.
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11 mm surface hoar, buried 12 days
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Observation techniques

We took both disaggregated and in-situ photographs of surface hoar crystals and we also tried extracting small snow
slices for viewing layer details without a camera. For the bulk of our photos we used 35mm cameras equipped with a
1:1 macro lens, a ring flash and 100 ASA slide film.

Flash photography

This winter (1997/98) we used a ring flash for the disaggregated and in-situ photographs. It allowed us to take pictures
on darker days and also enabled us to use a smaller aperture to increase the depth of field — necessary for
microphotography. The flash unit fits around the end of the lens and proved quite robust throughout the season. As the
flash’s power could be controlled it allowed us to fix the camera speed and aperture, reducing the loss of data due to
exposure problems.

Disaggregated crystal photography

We used similar techniques to our previous season (Geldsetzer
et. al., 1997), taking representative surface hoar crystals from a
layer and placing them on a black plate with a 10 mm grid to
photograph. The ring flash allowed us to hand-hold using our
elbows as a brace, rather than using the custom camera braket.

In-situ crystal photography

For the in-situ shots we pushed a crystal screen into the snow, vertically down
through the layer, about 1 cm behind the exposed wall of the pit and then
carefully removed crystals from the front, using a pointed object like a pencil
(we found this works better than a brush or screen), until the visible layer was
only two or three crystal
widths thick. We then
scanned the prepared area
looking through the camera
until we found a
representative grouping to
photograph. Using the flash
we get good sharp
photographs by just bracing
the camera with our elbows
in the snow.

12 mm surface hoar, buried 42 days

20 mm surface hoar, buried 30 days
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Iso-octane preservation

Another technique we tried this year was the use of liquid iso-octane to preserve individual surface hoar crystals (Brun
and Pahaut, 1991). It is useful on days when it is too snowy, windy or warm to take good pictures, or when you are not
carrying a camera. The following procedure is taken from the ASARC field work manual (Jamieson et. al., 1997).

1)  Fill a small plastic bottle with iso-octane.
2)  Cool the bottle to below freezing.
3)  In the field, drop a few representative crystals into the liquid.
4)  Transport the bottle, keeping it below freezing to a freezer for storage.
5)  When the air temperature is below -5°C, the liquid and crystals can be poured out onto a porous material (a coffee

filter works well), collecting the iso-octane to be used again and leaving the crystals on the filter.
6)  Move the crystals to a clean filter and allow all of the iso-octane to evaporate.
7)  Move crystals onto a crystal screen and photograph.

The iso-octane practically stops any metamorphism of the crystal during storage and allows accurate photographs even
after weeks of storage.

Snow slices

To view layer details such as layer thickness or spacing between
crystals without the aid of a macro lens we tried removing small,
thin slices of snow. The sides should be cut vertically and at a
right angle to the slope to preserve the slope angle for viewing the
layer. After extracting the slice we shaved the surfaces to get a
thinner, cleaner section. We either held them up to the sun for
back-lighting or against a black screen to increase contrast.
Depending on the consistency of the snow these slices can be
about 0.5 to 2 cm thick.
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Results

During the 1997/98 winter we were able to collect good time series of pictures for both the December 10th and
February 3rd surface hoar layers.

Fracture of buried surface hoar layer

On  the 13th of March 1997, while skiing in a log cut, we heard a whumpf indicating that we had triggered a fracture in
a buried weak layer. A crack appeared at the snow surface about 10 m above us, on a 15 degree slope. We dug a pit at
the crack and photographed the boundary between the collapsed and uncollapsed surface hoar where the fracture ran
up through the slab to the surface. The whumpf occurred on a layer of 20 mm surface hoar, displacing the overlying
slab about 13 mm.

 Crystal shape, size and appearance and the relationship to layer strength

Disaggregated photography gave us the best results and we were able to observe changes in the appearance of the
crystals. Large surface hoar crystals retained much of their size and shape even after three months of burial. The
most pronounced changes seem to be the disappearance of fine striations and an increase in the amount of small grains
that conglomerate onto the large crystals. The strength of the layers changed significantly over time and we can infer
some corresponding changes in the appearance of the crystals as well (see next two pages).

For both layers we see an initial loss of the fine features, such as fine striations or branches. This is followed by a
further loss of the coarser features and an increase in the number of smaller grains conglomerated onto the larger
surfaces. Eventually the crystals round out even more and sometimes become more transparent, especially in areas
where small grains have not attached themselves.
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Shear strength changes for the
1997-12-10 SH at Moose Study Plot
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Shear strength changes for
1998-02-03 SH at Moose study plot
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Layer thinning

Layer thinning, as measured with a ruler held vertically against the pit wall, may be an indicator of strengthening. As
the snow above a buried surface hoar layer settles and pushes down on the crystals,  they are likely to penetrate into the
overlying snow. They may also penetrate into the underlying snow due, in part, to the increased weight. Both of these
mechanisms will present as a thinning of the layer and should happen quickly at first and then at a slower rate (Davis,
et al., 1996).

We do not have data for the earliest
stages for the 1997-12-10 surface
hoar, but a slight thinning is
associated with the early increase in
strength we can see. Then, while
the strength is steady, so is the
layer thickness, on average. The
more pronounced strength increase
in late February and into March is
again associated with a layer
thinning.

In the case of the 1998-02-03
surface hoar, a steady strength
increase is associated with steady
thinning of the layer.

The short-term fluctuations in layer thickness are partially due to the imprecise measurement technique as well as
differences due to spatial variability.

Shear stren gth and layer thickness chan ges for the 
1997-12-10 SH at Moose Study Plot
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Shear stren gth and layer thickness chan ges for the 
1998-02-03 SH at Moose Study Plot
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Spatial Variability

We briefly investigated the spatial variability of surface hoar layer strength and crystal shape. The following is one
example.

North Moose Cut-block, 1998-01-26, NW asp

Site 1. Slope: 18° � 50 m to side � Site 2. Slope: 18°
Strength: 1.27 kPa Strength: 2.31 kPa

� 200 m down � Site 3. Slope: 30°
Strength: 0.81 kPa

The strength differences were quite pronounced and, while the crystal sizes are all similar, the amount of
conglomerated small grains did seem to vary. Because of this variability it is important to do repeated tests that
compare values over time at set sites such as study plots.
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Crystal spacing and shape

Surface hoar crystals that grow in width faster than they grow upwards
will intersect with their neighbours and create an umbrella effect —
leaving air pockets between the crystals since the subsequent snowfalls
will stay on top of the crystals (Davis et al., 1996). Tall needle-like
surface hoar crystals, however, will allow new snow to fall in between
the crystals and possibly form additional bonds. Bond density will affect
the layer strength.

During the 1997/98 winter we observed that the surface hoar layers had
more smaller grains mixed in with the surface hoar crystals than during
the 1996/97 winter. The umbrella effect had obviously not been as
effective and this led to early conglomeration of the small particles onto
the large crystals.

Different shapes of surface hoar

Different shapes of surface hoar exhibit different characteristics. As mentioned above the shape and spacing will likely
affect how the overlying snow bonds to the layer. Other evidence, purely anecdotal at present, suggests that striated
wedges comprise a higher percentage of avalanche failure planes than do other shapes, even though they do not
constitute the same percentage when the surface hoar was formed. Below are some of the shapes we have encountered:

Striated wedges Stacked wedges Spikes

3D - conglomerates
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How can this be applied?

The loss of the fine striations on surface hoar crystals can be observed under low magnification (e.g. 8x) and is usually
associated with an increase in strength.

Since crystal size and shape vary over terrain, changes over time are best observed at a fixed location such as a study
plot.

One shape of surface hoar, striated wedges, show up frequently in fracture line profiles. Layers of these crystals should
be regarded with extra caution. Also, the amount of in-fill present in a layer during the earliest stages should be noted
as it may play a role in how fast the layer will strengthen.

Quickly removing a small slice of snow and holding it up to the light will let you observe layer characteristics in detail.
A close look at the suspect layer can reveal things like: the amount of lean; or the crystal spacing, amount of in-fill and
penetration into surrounding layers. Removing crystals from the layer and viewing them on your screen with a loupe is
still the best method for determining the surface hoar crystal type and amount of rounding.

Even though some characteristics of surface hoar can be observed visually, the emphasis should still be on strength
tests for the layer. Nearly identical crystals can be have significant differences in layer strength.

What’s next?

We would like to further assess the subclassification of surface hoar. In particular we would like to be able to better
relate strength and rate of strength change to crystal type.

The initial conditions present in the first couple of weeks following the burial of a surface hoar layer are likely to affect
the future of the layer more so than later conditions. We would like to pay more attention to this and collect more
frequent data during this period.
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