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ABSTRACT:  Field observations of surface hoar crystal formation onto the snow surface raised the 

question of the potential influence which the surface snow grains (i.e. the nucleating substrate) may play 

in the crystal habit of developing surface hoar.  Observations made during three seasons in Mount 

Shasta, CA, USA showed an association of classic planar “feathery” surface hoar with new snow, 

whereas, observed cup shaped striated surface hoar was associated with weathered snow surfaces.  

While detailed meteorological data was not available, parameters such as snow surface temperature and 

humidity likely play a role.  Photomacrography was used to show both the surface hoar crystal and the 

substrate snow grains.  These results encourage continued observation and further studies to better 

understand processes on and within the snowpack.  This project continues to suggest that the snow 

substrate may have an influence on surface hoar morphology. 
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1.  INTRODUCTION 
 
Surface hoar crystals, when buried, can persist 
and become a common weak layer, producing 
fractures and avalanches when disturbed 
(McClung & Schaerer, 2006; Birkeland et al. 
1996 & 1998; Schweizer and Lutsch, 2001; 
Schweizer and Jamieson, 2000; Jamieson and 
Langevin, 2004).  The shape and structure of 
surface hoar can be found in many forms, 
however, the one most frequently associated 
with surface hoar is a planar “feathery” habit. 
 
During numerous field observations in the Mount 
Shasta area of northern California, USA from 
1996 to 2007, two distinct surface hoar crystal 
habits were seen.  The first was the planar 
“feathery” habit, while the second type was a 
striated, cup shape similar to depth hoar but 
growing upward.  Additionally, these two 
different habits were observed on different snow 
surface substrates.  The planar habit was found 
on recent snowfall where the precipitation 
particles were present.  The cup shaped crystals 
were found on wet grains or rounded grains. 
 
In the study of ice crystal habits forming from 
vapor in the atmosphere, temperature and  
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supersaturation are thought to be the primary 
habit determining factors (Hallett & Mason, 
1958; Bailey & Hallett 2003). Some studies of 
crystal habit have taken place on or in the 
snowpack (Seligman, 1936; Lang, et al. 1984, 
Colbeck, 1988, McClung & Schaerer, 2006; 
Hachikubo & Akitaya, 1998, McCabe, et al. 
2008; Cooperstein et al. 2004).  While 
temperature and supersaturation remain 
important in crystal habit on or in the snowpack, 
it has been suggested that the substrate may be 
a factor in crystallographic orientation (Adams & 
Miller, 2002 and 2003). 
 
However, several differences can be found 
when comparing the atmospheric and snow 
surface conditions where crystal growth occurs.  
Temperature gradients of 100-300 C/m on the 
snow surface can exist during surface hoar 
formation (Lang, et al., 1984; McClung & 
Schaerer, 2006).  Additionally, a difference 
exists when the size of nucleating substrates are 
compared.  Freezing nuclei in the atmosphere 
are around 1µ (Battan, 1984; Mason, 2010), 
while grains on the snow surface can vary from 
approximately 0.2mm to 5.0mm (Fierz et al. 
2009), or a difference of around 10³. 
 
While snow surface temperature and humidity 
are likely a strong component in the morphology 
of surface hoar crystals, field observations raise 
a curiosity with the possible influence that the 
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snow surface substrate could have.  Depending 
on environmental conditions there may be a 
preferential orientation for substrate crystals in 
the development of surface hoar morphology.  
To begin delving into this theory, photographs 
showing both the substrate grain and the 
surface hoar crystal were needed, becoming the 
primary goal of this research project. 
 
2.  METHODS 
 
Field observations and photographs all took 
place in the general vicinity of Mount Shasta, 
California, USA.  Many areas were selected for 
their historical occurrence of surface hoar and 
included open slopes and fields near Castle 
Lake and non-forested areas on Mount Shasta 
near Sand Flat, Bunny Flat, Old Ski Bowl, and 
above tree line.  The latitude and longitude of 
this general area is approximately 41ºN and 
122ºW. 
 
Weather conditions were monitored to choose 
field days when surface hoar formation would be 
more likely.  Mesoscale factors reviewed to 
determine this included air temperature, relative 
humidity, sky conditions (cloud coverage) and 
wind speed.  General climate conditions in the 
area studied are considered maritime (Tremper, 
2008). 
 
Field observation days occurred between 
December, 2007 and April of 2010.  In general, 
climate conditions during fall 2007 to spring 
2009 showed near normal temperatures and 
below normal precipitation, while fall 2009 to 
spring 2010 showed near normal to warm 
temperatures and above normal precipitation 
(MSAC). 
 
Photomacrography was used to obtain images.  
Equipment and methods for photomacrography 
were adapted from LaChapelle (1969), and 
Elder (2008). 
 
A Nikon N80 camera with a Nikkor 60mm macro 
lens and 12, 20 and 36mm Kenko extension 
tubes, was used.  Additionally, a Gitzo tripod 
and Elder stand supported the camera (Fig. 1). 
 

 
Figure 1:  Photomacrography being used in the 
field. 
 
A variety of crystal cards were used to obtain 
samples showing both surface hoar crystals and 
the snow surface substrate, and then 
photographed immediately. 
 
Analysis of the photographic data took place via 
computer enlargement.  The subject and quality 
of images were reviewed.  
 
3.  RESULTS AND DISCUSSION 
 
Over 1000 photographs were taken in the field.  
The majority of images show cup shaped 
surface hoar crystals which formed on 
melt/freeze grains on the snow surface (Figs. 2 
& 3).   
 

 
Figure2:  A cup shaped, striated surface hoar 
crystal which formed on a melt/freeze snow 
surface in December of 2008.  
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Figure 3:  Cup shaped surface hoar crystals 
formed on melt/freeze grains in February of 
2009  
 
The melt/freeze grains in both Figs. 1 and 2 are 
around 1 mm in diameter, while the surface hoar 
crystals were around 3 mm in diameter and 3-4 
mm in length. 
 
No planar surface hoar crystals were observed 
or photographed on melt/freeze grains in the 
snow surface substrate.  A few images were 
taken with a standard lens to show the general 
appearance (Fig. 4). 
 

   
Figure 4:  A melt/freeze crust with cup shaped 
surface hoar in January of 2009. 
 
There were, however, several occurrences of 
planar surface hoar crystals growing on recent 
snowfall.  The most common type of 
precipitation particles observed were planar 
stellar dendrites.  From these, planar (flattened) 
surface hoar crystals were observed (Figs. 5, 6 
& 7).  It is noted by the authors that during 
sampling for photography, these planar surface 
hoar crystals were growing in the same 
orientation as the parent stellar precipitation 
particles which were oriented vertically 

(perpendicular to the snow surface).  The 
orientation of the melt/freeze grains was not 
observed.     
 

 
Figure 5:  Planar surface hoar crystal growing on 
a stellar dendrite precipitation particle.  January 
2009.  The planar surface hoar crystals are 
flattened and follow the same orientation as the 
stellar parent crystal. 
 

 
Figure 6:  Flattened, planar surface hoar crystals 
growing from a stellar dendrite with similar 
orientation.  December 2008. 
 

 
Figure 7:  Flattened, planar surface hoar crystal 
growing from a broken stellar dendrite.  
February 2009. 
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Another type of crystal habit was observed on 
melt/freeze snow surface substrates which 
began with columns and later developed into 
cups (Fig. 8).   
 

 
Figure 8:  Long columns with developed cups.  
Melt/freeze clusters were approximately 3mm 
while the surface hoar crystal extended for 12-
14mm.  These were termed “chandelier” 
crystals. 
 
While these results correlate with the authors’ 
previous field observations of distinct crystal 
habits associated with distinct snow surface 
substrates, several things must be considered.  
First, a thousand photographs over 3 winters 
where a nearly infinite number of surface hoar 
crystals were available, may represent a very 
limited observation and data set.  Secondly, 
these results were from a specific locality which 
may have climatic influences favoring specific 
results.  Observations in other climatic regions 
may show different results. 
 
Some specific factors which were not measured 
include snow surface temperatures and humidity 
during crystal growth, looking for correlations 
with surface hoar morphology. 
 
Additionally, climatic conditions during this 3 
year period of observation limit the overall data 
set.  An extended period of observation along 
with a broader geographic and climatic data set 
will likely provide more significant results.     
 
4.  CONCLUSIONS 
 
The photographic results of this study correlate  
with previous field observations by the authors 
(unpublished) showing an association of surface 
hoar morphology with specific snow surface 

substrates in the area of study (northern 
California, USA).  Planar surface hoar crystals 
were associated with recent precipitation 
particles, specifically, stellar dendrites, while cup 
shaped and striated surface hoar crystals were 
found in association with melt/freeze snow 
surface substrates. 
 
Whether this association is a result of snow 
surface and air temperatures, or the size and 
shape of the snow surface substrate, was 
outside of the scope of this study.  However, the 
observed association continues to raise 
questions about the possible influence which the 
substrate could have on surface hoar 
morphology. 
 
Another observation of this study was that 
flattened, planar surface hoar crystals held the 
same orientation as the parent stellar 
precipitation particles in the snow surface 
substrate.  Other studies in the laboratory have 
found new crystal growth from the vapor phase 
adopting the same orientation as the parent 
crystal in lake ice (Adams & Miller, 2003).   
 
A similar concept has long been in use in 
crystallography where commercial crystal 
development uses seed crystals and substrates 
to develop specific crystal morphologies.  These 
include pharmaceutical manufacturing (Lahav et 
al. 1987) and semiconductor manufacturing 
(Roulston, 1998).  Additionally, in mineralogy, 
one of the crystal growth parameters studied is 
the shape of the substrate (Rodriguez-Navarro & 
Garcia-Ruiz, 2000) 
 
Surface hoar crystals are a significant weak 
layer in snowpack.  The purpose of this study is 
to provide photographic  observations which 
improve our understanding of morphological 
changes on and in the snowpack.  Results 
support an association between snow surface 
substrate and surface hoar morphology, 
suggesting the need for further study of 
influences on crystal habit. 
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