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 One cannot fix one’s eyes on the commonest 
natural production without finding food  

for a rambling fancy. 
– Jane Austen, 

Mansfield Park, 1814 
     

Nature provides a marvelous laboratory for 
examining the morphological diversity of snow 
crystals. With a simple magnifier and a robust 
tolerance for cold weather, one can observe a 
remarkable variety of crystal forms falling from 
the winter clouds. The possibilities range from 
simple plates and prisms to hollow columns, 
sectored plates, fernlike stellar dendrites, 
capped columns, and a host of rare and exotic 
varieties. Each snowfall has its own character, 
and there is always something new to discover. 
 Before embarking on a personal quest for 
snowflake sightings, however, it is helpful to 
have a handbook that describes what others 

have observed and documented over the years. 
To this end, the present chapter examines 
different types of snow crystals and defines a 
nomenclature that can be employed to describe 
one’s own observations. Much of this material 
can also be found in Ken Libbrecht’s Field 
Guide to Snowflakes [2006Lib1], which is still 
available as of this writing. The book is 
inexpensive and sized to fit into the ample 
pocket of a typical winter coat, so it may 
provide the best option if you want something 
to carry out into the field. With either the book 
or this chapter, my main objective is to increase 
snowflake awareness by whatever available, 
and perhaps to persuade a few hearty souls to 
venture out into the cold to have a look for 
themselves at this marvelous and often-
unappreciated natural phenomenon. 
 
Hieroglyphs from the Sky 
Ukichiro Nakaya described snow crystals as 
“hieroglyphs from the sky” [1954Nak] because 
the form of each crystal can be interpreted, at 
least to some approximation, to reveal the 
atmospheric conditions it experienced as it 
grew and developed. There is some truth to 
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Facing page: A large stellar-plate snow crystal 
with complex surface markings, measuring 
just over three millimeters from tip to tip, 
captured by the author in Burlington, 
Vermont. 
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this supposition because the 
process of snow-crystal growth 
is largely deterministic, meaning 
that two crystals experiencing the 
same conditions as a function of 
time will grow into nearly 
identical shapes. The “identical-
twin” snow crystals presented in 
Chapter 9 provide a direct 
confirmation of this 
deterministic behavior.  

A primary tool for 
deciphering the shape of a 
specific snow crystal is the snow 
crystal morphology diagram 
shown in Figure 10.1 (see also 
Chapter 1 and Figure 8.16). The 
morphology diagram provides a 
valuable overview that connects 
the seemingly disparate 
observations of falling snow into 
a generally coherent picture of 
what is happening up in the 
clouds. Of course, there are 
limitations to how much one can say about the 
growth history of a snowflake by examining a 
single photograph of its final state; but usually 
one can envision a plausible scenario to explain 
an observed morphology. 

Another use of the morphology diagram is 
to predict what types of crystals will appear in 
different weather conditions. For example, if 
one wishes to find large, well-formed stellar 
snow crystals (a popular photographic goal), it 
is useful to know that such crystals can only be 
found when the cloud temperatures are around 
-15 C. (Although the morphology diagram 
indicates that plate-like crystals also appear 
near -2 C, these higher-temperature specimens 
are typically quite small.) 
 
10.1 Snowflake Watching 
Most of this chapter presents an extensive 
catalogue of photographic examples showing 
different types of snowflakes and snow 
crystals, along with a discussion of their various 
identifying features and characteristics. Unless 

otherwise identified, all are photographs of 
natural snow crystals taken by the author. The 
presentation is in the form of a field guide, 
aimed at assisting snowflake photographers or 
other readers who want to see for themselves 
what the winter clouds have to offer. Although 
such exploration could be done without any 
guidance, the venture is nearly always more 
rewarding when you set out knowing what to 
look for.  
 As an occasionally avid bird watcher, I like 
to think of snowflake watching as an entirely 
analogous activity. It can be entertaining, 
educational, and a surprisingly enjoyable leisure 
activity. Keeping an eye out for interesting 
crystals is a fine pursuit whenever you happen 
to be outside during a light snowfall. You could 
be riding the chair lift at your local ski area, 
taking a stroll through the winter woods, or just 
waiting in your car somewhere. If the snow is 
falling all around you, why not have a look 
from time to time to see what you can find?  
 Growing up on a farm in North Dakota, I 
experienced a lot of snow, and I saw my share 

Figure 10.1: The snow crystal morphology diagram illustrates 
what types of crystals form in air as a function of temperature and 
water-vapor supersaturation. Note that this chart provides just a 
rough approximation of the different morphologies, plus it applies 
only if the growth conditions are constant in time. The “water 
saturation” line shows the supersaturation found in a dense cloud 
of liquid water droplets. 
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of birds. But I never really noticed either until 
someone showed me what to look for, which 
happened long after my childhood days. 
Looking back on this particular aspect of my 
youth, these were lost opportunities. We all live 
in nature, but it takes some awareness to notice 
the natural phenomena around you. If you 
happen to live in a cold climate, I suggest that 
you think about snowflakes occasionally, and 
perhaps go outside to have a look for yourself. 
You never know what you might find. 
 
Snow Crystal Classification 
We name snowflakes for the same reason we 
name most things – so we can talk about them. 
Certain morphologies are common and have a 
distinctive appearance, and those have fairly 
well-defined names. Stellar plates, stellar 
dendrites, fernlike stellar dendrites, hollow 
columns, and capped columns have all been 
part of the snowflake vernacular for some time. 
But there is no absolute classification system 
for snow crystals, and there never will be, 
because there is no clear way to divide snow 
crystals into distinct, non-overlapping 
categories. 
 Some things are intrinsically well suited to 
classification. Biological species, for example, 
cannot easily interbreed, so they mostly form 
well-defined, non-overlapping categories (aside 
from many exceptions, such as the mule). 
Naming chemical species works quite well also, 
as each name refers to a specific chemical 
formula (and perhaps a specific isomer). In 
these cases, naming conventions can be quite 
precise, making it reasonably straightforward 
to identify the named group that a given 
individual fits into. 
 Other groups of items are not so easily 
categorized. We can talk about different types 
of bread, cheese, cookies, breeds of dogs, types 
of hobbies, or musical instruments, but the 
names are generally human constructs with few 
natural partitions. People organize and catalog 
all these items, but different people have 
different lists, and the names often to change 
over time. As a specific example, skiers have 

many names for different types of snow on the 
ground, but again the categories are a bit 
arbitrary. Snow scientists have done the same 
for falling snow crystals. 
 Asking “what kind of snowflake is that?” is 
not an especially good question, because there 
may not be a well-defined answer. The shape 
of a snow crystal depends on its entire growth 
history, which is somewhat analogous to saying 
that the breed of a dog depends on its entire 
ancestry. If a specific snow crystal had an 
unusual history, then it may not fit well into any 
category, no matter how many categories one 
defines. There is no way to avoid these 
ambiguities, so classifying snow crystals is a 
practice with somewhat limited usefulness. 
Nevertheless, some taxonomy is necessary to 
guide the conversation, so classification 
systems have been devised for this purpose. 

Nakaya first recognized the need for 
nomenclature and constructed the first 
classification system shown in Figure 10.2, 
containing seven primary categories that 
branch out into a total of 41 snowflake types 
[1954Nak].  This was later expanded by 
Magono and Lee to 80 categories [1966Mag] 
and recently expanded again by Kikuchi and 
Kajikawa to include 121 distinct snowflake 
types [2013Kik, 2011Kik], as shown in Figure 
10.2. 
 For the purposes of everyday snowflake 
watching, I prefer the somewhat simpler chart 
shown in Figure 10.3. This is essentially a 
modernized version of Nakaya’s original list, 
placing a greater focus on the physical 
processes that underlie the different 
morphological types. With 35 different named 
categories, this chart includes the common 
designations that have evolved over the years, 
and it describes most of what can readily be 
found in the wild. I have found this chart quite 
useful for identifying and describing natural 
snow crystals, so I continue to promote its use. 
There is no definite, ideal method for 
classifying snow crystals, but Figure 10.3 is the 
chart I prefer.  
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Figure 10.3: I devised this simplified snow-crystal classification system for everyday 
observing [2006Lib1]. While there is no definitive method for dividing snow crystals 
into precise categories, these 35 types provide a reasonable overview of the 
morphological diversity found in natural snow crystals. 
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Biased Sampling 
In the spirit of full disclosure, I like to point 
out that well-formed snow crystals like those 
illustrated in classification charts are not the 
norm, and most of the snowflake types shown 
are actually quite rare. You may not realize this 
from photos you have seen, because 
photographers invariably present a heavily 
biased sample of what falls from the clouds. 
We stand out in the bitter cold for hours on 
end, searching for especially photogenic 
examples that exhibit well-formed, strikingly 
symmetrical features. Exceptionally beautiful 
snow crystals are a delight to behold, so we 
work hard to find them. And because most 
people are not eager to buy a book or read an 
article showing unattractive snowflakes, those 
photos do not get published.  
 To witness an unbiased snowflake sample, 
you need only go outside during a light 
snowfall and have a look. Every snowfall has a 
different character, and certain weather 
conditions are conducive to producing 
photogenic crystals (see Chapter 11). But 
essentially all snowfalls bring many examples 
from the “Irregulars” category in Figure 10.3, 
and the crystals in Figure 10.4 provide a 
representative sample. These small, somewhat 
malformed plate-like crystals are extremely 
common, and some snowfalls deliver little else. 
I sometimes call this “granular snow” because 
the crystals look a lot like icy grains of sand.  
 Another common occurrence is when 
growing snow crystals collide with cloud 
droplets, creating what is called rime – basically 
collections of minute, frozen droplets. Figure 
10.5 shows an example where a stellar snow 
crystal first developed normally in a region 
relatively free of cloud droplets, and then 
moved into a dense cloud and accumulated a 
thick coating of rime. If the rime coating 
becomes so thick that the entire structure is 
mostly an agglomeration of frozen droplets, 

Figure 10.4: Although this chapter focuses on 
different types of well-formed snow crystals, 
clumps of small “irregular” crystals like those 
shown in these two photos are far more common.  
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then it is called graupel, or soft hail. Again, 
some snowfalls deliver mostly rimed crystals. 

An unfortunate truth when snowflake 
watching is that granular snow and rimed 
crystals are especially prevalent when the 
temperature is near 0 C, which includes a lot of 
snowfalls. Because population centers tend to 
form in moderate climates, and -15 C (5 F) is 
considered bitter cold by typical standards, the 
laws of probability suggest that most people 
will rarely observe exceptionally beautiful snow 
crystals where they live, even when snow is 
fairly common. I discuss this and related 
problems further when considering snowflake 
photography in Chapter 11. 

The goal and tenor of the field guide in this 
chapter is much like what you find in a guide 
to mineral crystals. Mineral books tend to focus 
on beautiful, single-crystal specimens, as these 
represent the basic mineral types. But if you go 
hiking up in the mountains to look for yourself, 

all you will likely encounter is 
rather ordinary rocks. Small 
mineral crystals can be seen if you 
look closely at many rocks, as any 
geologist will quickly point out; 
but large single-crystal mineral 
specimens are exceedingly rare.  

The good news for snowflake 
watching is that finding high-
quality snow crystals is much 
easier than finding quality 
minerals. Rock hounds have 
already removed nearly all the nice 
specimens that were easily 
retrievable, leaving few behind to 
discover. You can find large 
mineral crystals in museums, and 
for purchase, but not so much in 
the wild. New mining operations 
are among the best places to find 

quality mineral specimens, as they expose 
unexplored material.  

With snow crystals, however, all are made 
anew for every snowfall, so you have a good 
chance of finding some outstanding examples. 
If the temperature is somewhere between -10 
C and -20 C, and you know what to look for, 
you will almost certainly find some noteworthy 
crystals if you are persistent. Not every 
snowfall brings exquisite snow-crystal gems; 
but occasionally one can witness beautiful 
crystals falling to earth in large numbers. 
Patience and persistence are often needed, but 
those few magical snowfalls bringing exquisite 
crystals make up for all the granular snow and 
rimed crystals. 

The remainder of this chapter presents 
many examples to illustrate the different snow-
crystal morphologies presented in Figure 10.3, 
along with some discussion of the physical 
processes involved in their creation. If you go 
outside to look at the falling snow, magnifier in 
hand, you may find this chart useful for 
observing and identifying different crystals.  
Human nature being what it is, you are more 
likely to spot a triangular crystal, a bullet 
rosette, or a double plate if you know what to 
look for.   

Figure 10.5: As they are growing and falling, 
snow crystals often collide with water droplets 
from the surrounding clouds. The supercooled 
droplets immediately freeze onto the ice 
surface, and this example shows a thick 
coating of rime on a stellar crystal.  
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Figure 10.6: (Right) Many 
snow crystals exhibit a 
somewhat “travel-worn” 
appearance, especially when 
the temperature is warm. In 
this example, the branch tips 
are rimed, and nearly all the 
crystal edges are rounded from 
sublimation.    

Figure 10.7: (Below) Six-fold 
symmetry – the signature 
characteristic of a well-formed 
stellar snow crystal – is often 
over-represented in popular 
photographs. Most natural 
specimens exhibit some 
degree of asymmetry, as 
illustrated in these examples. 
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Simple Prisms 

 
Simple prisms are small, faceted snow crystals 
that range from plate-like to columnar in form.  
They have relatively plain shapes, with minor 
patterning and no branching.  These minimalist 
snowflakes are common and can be found in most 
snowfalls, regardless of temperature.  However, 
most simple prisms are so tiny that you need a 
microscope to see them clearly. 
 Every snowflake has its beginning, and 
these small crystals are essentially young 
snowflakes that have not had time to grow into 
larger and more elaborate shapes.  The 
examples shown on this page are roughly 0.3 
mm in size, about as large as the period at the 
end of this sentence.   
 Faceting is a dominant force in the 
development of simple prisms because they are 
still small.  The transition to branching has 
simply not yet had a chance to occur.  A rough 
rule of thumb is that branching begins when a 
crystal grows to more than half a millimeter in 
size, although this rule is only approximate.  If 
the humidity is especially high, branching can 
occur sooner.  If the humidity is low, crystals 
will remain faceted longer. 
 Occasionally you can observe these small 
crystals on bitter cold days when the sun is out, 
so their mirror-like facets sparkle brightly as 
they tumble through the air. With that image in 
mind, you can see why these are also called 
diamond dust snow crystals. 
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Well-formed crystal facets have razor-

sharp corners during growth, but this is not 
always what you see in the pictures.  
Sublimation will often round the edges, as you 
can see with the small prism above.  The 
rounding of sharp features is especially 
noticeable on smaller specimens, and when the 
temperature is warm.  Sublimation is always an 
unknown factor when snowflake watching, 
because you don’t know what 
conditions the different 
crystals have been through 
after forming.  By the time it 
reaches the ground, a crystal 
may look quite different than 
it did when it was growing up 
in the clouds.  

When photographing 
snow crystals, I usually 
illuminate them from behind 
with colored lights, giving my 
photos a bright background. 
In the photo at right, 
Canadian photographer Don 
Komarechka [2013Kom] 
used a ring flash to capture 
these bright, glass-like crystals 
on a dark background. See 
Chapter 11 for more about 
snowflake photography.  
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Hollow Faces. (Right) For this 
photograph I focused my 
camera on one face of a diamond 
dust prism, about 0.3 mm in size. 
I caught this crystal quickly on an 
especially cold day, so 
sublimation has not yet taken its 
toll; the corners are still distinct 
and sharp. I like this picture because 
it illustrates the hollowing 
sometimes seen in prism facets.    
During growth, diffusion gives the 
corners of the crystal a greater 
supply of water vapor.  The facet 
centers receive less, so they 
accumulate material more slowly.  
Over time, the facet centers lag 
behind the growth of the edges, as 
shown in the accompanying sketch.  
This is a common growth behavior, and is a 
first step in the transition to branching.   
 
 
  
Antarctic Snow Crystals. (Below) These tiny crystals were photographed at the South Pole by 
Walter Tape [1990Tap]. In the dry, bitter cold arctic conditions, snow crystals often grow into simple, 
sharply faceted prisms like these. 
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Atmospheric Halos. Simple-prism snow crystals are responsible for a variety of atmospheric halo 
phenomena. The top photo above shows a spectacular halo display captured at the South Pole by 
Walter Tape [1990Tap]. The lower-left image illustrates a simpler light pillar phenomenon that 
includes the author’s thumb blocking the sun, photographed in Cochrane, Ontario. The lower right 
photo shows the sun flanked by a pair of sundogs captured in Fargo, North Dakota by 
Gopherboy6956. Much has been written about halo phenomena [1980Gre, 1990Tap], and complex 
reflection/refraction models are needed to explain how falling ice crystals can create such complex 
patterns of light. For many halo features, including sundogs, the falling crystals must be aligned relative 
to vertical by aerodynamic forces (see Chapter 4).  
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Stellar Plates 

 
Stellar plates are thin, flat crystals of medium size 
with an overall six-fold symmetry.  They are 
typically broad-branched with little or no 
sidebranching and a profusion of complex 
surface markings. Stellar plates can be abundant 
when conditions are right.  The best specimens 
are found during light snowfalls at fairly low 
temperatures. 
 The sparkle you see in falling snow often 
comes from stellar plates, when their flat basal 
surfaces catch the light.  These crystals are large 
enough that a simple magnifier gives you a 
pretty good view of their overall structure, as a 
good-sized specimen might be two millimeters 
in diameter.  A microscope opens up a whole 
new realm of observing, however, allowing a 
detailed look at the intricate patterning on each 
crystal. 
 Stellar plates form over a narrow range in 
temperature, so are not present in all snowfalls.  
The morphology diagram tells us that large, 
plate-like crystals will grow when the clouds are 
near either -15 C or -2 C.  At the higher of these 
temperatures, however, one does not generally 
find well-formed crystals, because of 
sublimation and other factors.  Thus large 
stellar crystals mainly appear when the 
temperature is within a few degrees of -15 C.  
If you want to find some beautiful stellar plates, 
you have to wait for just the right conditions. 
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Ribs, Ridges, and Rings. The ribs, 
ridges, and inwardly propagating rings 
described in Chapters 4 and 9 are often 
prominent surface features on stellar-
plate snow crystals. The complexity of 
the patterning reflects the ever-changing 
conditions experienced by each crystal, 
brought about by the convoluted path it 
followed through the atmosphere. The 
possible permutations are endless, and 
some crystals develop highly complex 
surface markings. Laboratory-grown 
snow crystals allow these different 
features to be analyzed in isolation, as 
described in Chapter 9. 
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Malformed Plates. Most stellar plates are not beautifully formed and flawlessly symmetrical, as you 
can verify by spending ten minutes with a magnifying glass in any snowfall.  The quintessential, well-
formed snowflake is actually quite rare.  The above pictures provide several examples of imperfect, 
somewhat malformed stellar plates.  These are all single crystals of ice, as you can tell from the relative 
alignment of the various facets on each crystal.  The facets reveal the underlying molecular order, 
which we see is the same throughout each plate. The odd shapes of these crystals came about because 
their growth was perturbed in some way.  Perhaps they experienced some lattice defects during 
growth, or suffered collisions with rime particles or other falling crystals.  There are many potential 
problems that can interfere with symmetrical growth. 
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Surface Patterns. Some stellar plates exhibit remarkably complex and symmetrical surface markings, 
especially in their central regions. The structures are so small that a microscope is usually needed to 
see them. 
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Rimed Crystals. Snow crystals are often decorated with rime particles, ranging in number anywhere 
from one to thousands. A typical droplet has a size of roughly 0.03 millimeters, which is half the 
diameter of a human hair. Large crystals can be especially prone to rime, as the high humidity necessary 
for their growth requires a high density of cloud droplets. Aerodynamic forces often deposit rime 
particles on the edges of large plates, as seen in the lower-left image. The lower-right crystal is unusual 
in that it picked up quite a bit of rime, but then it moved to a region with fewer cloud droplets, where 
the crystal tips grew out relatively unperturbed by the rime. 
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Epitaxial Growth. After growing into a small 
hexagonal plate, the above crystal wandered into 
a dense region of a cloud and picked up a good 
dusting of rime droplets. Each droplet froze upon 
contact with the ice, and, if you look closely, you 
can see that the facets on the frozen droplets are 
mostly aligned with the facets of the plate. This is 
an example of epitaxial growth, as the plate ice 
served as a template to guide the molecular 
orientation of the freezing liquid. The crystal on 
the right apparently acquired a single rime droplet 
when it was smaller, which froze epitaxially and 
then stimulated the growth of an errant branch 
that grew differently from its siblings. 
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Sectored Plates 

Sectored plates are flat, broad-branched crystals 
decorated with pronounced radiating patterns of 
ridges.  They get their name from the way the 
ridges seem to neatly divide the plates into 
sectors. At times these surface markings look like 
veins on a leaf, giving some snowflakes an almost 
plant-like appearance. 

The simplest sectored plates have a basic 
hexagonal shape divided into six sectors, like 
the example shown below-right (see also 
Chapter 9). Broad-branched crystals with 
sectored-plate extensions are more common. 
Sectored plates can be considered a sub-class 
of stellar plates, and there is no sharp dividing 
line between the two categories. If a stellar 
plate shows especially prominent ridging, and 
few other surface markings, then we tend to 
call it a sectored plate. 
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Sectored-plate Extensions. The relative 
simplicity of their surface markings indicates 
that sectored plates form in relatively constant 
conditions, without large swings in temperature 
or humidity. Thus the plate-like branches are 
generally flat and smooth (aside from the ridges) 
and the prism facets tend to be well-formed and 
large. Then they look a bit like duck’s feet. 
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Prominent Ridges. Sectored plates merit a separate name 
because ridging is such a robust feature in snow-crystal growth. 
As described in Chapters 4 and 9, ridges form on slightly convex 
basal surfaces, owing to a patterning growth instability that is a 
two-dimensional version of the branching instability. The e-
needle crystals in Figure 8.16 shows that ridging occurs over a 
broad range of temperatures and supersaturations, making it one 
of the most prevalent snow-crystal features. If you look carefully, 
you can usually find some evidence of ridge formation on most 
thin-plate crystals. 
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Contemporaneous Crystals. 
It is not atypical to see a cluster of 
comparable crystals all falling 
within a short period of time, as 
these did one day. When the 
conditions are right to form a 
particular crystal type, the clouds 
can release them in large numbers. 
As usual, some are well formed, 
but many are not. 
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Stellar Dendrites 

Stellar dendrites are plate-like crystals with 
narrow branches decorated with numerous 
sidebranches.  They tend to be larger than stellar 
plates, with generally less prominent faceting and 
more complex shapes.  These crystals can be 
readily found with the naked eye, and 
considerable detail can be seen with a simple 
magnifier.  Stellar dendrites are common in many 
snowfalls, often arriving in great numbers. 
 The word dendrite means “tree-like,” 
which is an apt description of these extravagant 
crystals.  They form around -15 C when the 
humidity is fairly high.  The ample water vapor 
supply drives the branching instability to 
produce numerous sidebranches. Stellar 
dendrites are often conspicuous, as a 
generously sized specimen might measure 
three millimeters from tip-to-tip.  They are also 
quite thin and flat. Their ornate shapes with 
outstanding symmetry make stellar dendrites 
the much-celebrated canonical holiday 
snowflakes. 

 
 
  

Thin Plates. (Left) Stellar plates and 
dendrites are usually remarkably thin and 
flat, which can be appreciated by viewing 
them from the side. This overall shape is 
why we call them snowflakes.    
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Induced Sidebranching. Symmetrical sidebranching on a stellar dendrite is typically brought about 
by induced sidebranching, as described in Chapters 4 and 9. This is the only known mechanism that 
will cause sidebranches to sprout synchronously from all six primary branches on a large stellar crystal. 
It requires a carefully orchestrated series of events to produce several sets of well-formed symmetrical 
sidebranches, which is why good examples are rare and difficult to find in nature. They are 
substantially easier to create in the lab (see Chapter 9) under controlled conditions. 
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Simple Stars. These minimal stellar crystals appear when the supersaturation is high enough to 
produce narrow branched growth, but too low to create much sidebranching. Figure 8.16 reveals that 
these crystals grow only over a fairly narrow range of parameter space, so they are not especially 
common. They are also fairly small and easy to overlook. 
 
 

Backward Branches. On rare occasions, one can find sidebranches that appear to be growing 60 
degrees off from the usual forward direction, so I call them “backward” sidebranches. 
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Shielded Branches. Snow crystals grow 
fastest at their outer edges, which have the 
greatest supply of water vapor.  But 
sometimes the interior branches will grow 
substantially even after the outer branches 
have grown out and left them behind.  
Because the interior branches are shielded 
by the outer branches, they receive a 
reduced supply of water vapor. Such 
conditions often yield thin, rather 
featureless plate-like structures that are 
rather asymmetrically placed, as seen in 
these examples.   
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Branched Beauties. One does not 
easily grow bored examining stellar-
dendrite snow crystals.  
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Fernlike 
Stellar Dendrites 

Fernlike stellar dendrites are large, thin plates 
with narrow branches and sidebranches that 
looks similar to a fern.  Sidebranches typically 
form at 60-degree angles relative to their primary 
branches.   These crystals are common, and their 
exceptionally large size makes them easy to spot.  

Fernlike stellar dendrites are the largest 
snowflakes, on rare occasions measuring over 
10 mm in size.  Their thickness 
may be a hundred times less than 
this, however, making them 
extremely thin, flat, plate-like 
crystals.  They only form near -15 
C when the humidity is 
exceptionally high, which drives 
their rapid growth with copious 
sidebranching.  

The well-defined 60º angles 
between the branches and 
sidebranches of fern-like stellar 
dendrites indicate that they are 
single crystals of ice.  In spite of 
their complex shapes, the 
molecules are all lined up from 
one tip to the other.  
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Chaotic Branching. The shape of this snow crystal reflects the humid environment in which it grew.  
As soon as it was born, the abundance of water vapor drove the branching instability hard, so the 
transition from faceted to branched growth occurred early.  As a result, at its center there is little visible 
remnant of the crystal’s initial faceted stage.  Once the six principal arms were established, the high 
humidity resulted in narrow, closely spaced sidebranches with no prism faceting.  The absence of 
faceting meant no induced sidebranching events, and thus no six-fold symmetry in the placement of 
the sidebranches.  Even the sidebranches on opposite sides of a single primary branch are uncorrelated. 
In a sense, the growth of this crystal was too fast to be orchestrated. This is a medium-sized dendritic 
specimen, just over two millimeters from tip to tip, but it is also quite thin and flat.  Basal faceting, with 
some assistance from the edge-sharpening instability, mainly restricted its growth to two dimensions.  
Because it stayed thin and light, the crystal made a slow descent through the clouds, never falling faster 
than about half a meter per second.   
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Monster Snowflake. To my knowledge, this is the largest snow crystal ever photographed – a fernlike 
stellar dendrite measuring just over 10 mm from tip to tip. I have witnessed such large crystals only 
twice, both times in Cochrane, Ontario, and both times for just a few short minutes. Each branch holds 
first-generation sidebranches along with second-, third-, and even fourth-generation sidebranches. 
Extensive higher-order sidebranching like this is rare in snow crystals. 
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Snowflake Sizes. This true-to-size composite image shows several snow crystals next to a penny (19 
mm in diameter). The monster snowflake on the preceding page is about as large as Lincoln’s head.  
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Powder Snow. When conditions are right 
for the formation of fernlike stellar 
dendrites, they can fall in abundance.  The 
picture above shows a close-up view of 
the windshield of my car after a snowfall 
that dropped almost entirely large stellar 
snowflakes.  You can see how the barbed 
branches locked together to form an 
exceptionally light, fluffy blanket of ice. 
On the ground, this kind of snow is called 
fresh powder, and the airy structure is so 
soft that a skier might sink waist-deep 
into it, skies and all. After being exposed 
to the sun and wind for a day or two, 
however, the snow packs down into a 
denser, less yielding composition. 
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Variations. Once again, there is 
no sharp dividing line between 
the stellar-dendrite and fernlike-
stellar-dendrite categories. Many 
crystals display aspects of both 
types, so they rightfully belong 
somewhere between these two 
classifications.  
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Hollow Columns 

Hollow columns are simple hexagonal ice prisms 
with conical voids extending down from their 
ends. The recesses typically appear in a 
symmetric pair running along the central axis of 
a crystal, with the tips nearly touching at the 
waist. Hollow columns are small and easy to 
overlook with the naked eye, and their internal 
structure is best viewed with a microscope. They 
are a relatively common columnar morphology 
and can frequently be found in warmer snowfalls.  

Hollow columns are most likely found 
when the temperature is near -5 C, as indicated 
in the morphology diagram. The overall 
hexagonal columnar structure is often not 
apparent because the prism corners have been 

rounded by sublimation, which is especially 
rapid at these warmer temperatures.  Thus 
hollow columns may look more like round 
cylinders than hexagonal columns.  

The crystals pictured here are fairly small, 
close to a millimeter in length; the one above is 
slightly shorter and the one below is slightly 
longer. The best way to find and view these 
crystals is to let some snow fall onto several 
glass slides and then view the slides under a 
microscope. When the temperature is high and 
granular snow is the norm, one can often find 
a few well-formed hollow columns in the mix. 
As is true with most snow-crystal types, finding 
well-formed examples can be a challenge. 
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 The formation of a hollow column is a 
manifestation of the familiar branching 
instability (see Chapter 4).  The diagram above 
shows cross-sections of a hollow column at 
different times, together with a numerical 
model result [2009Gra]. Faceting initially yields 
a small solid column, then diffusion favors 
growth of the basal edges. This mechanism 
predicts that there can never be a fully hollow 
column (hollow like a pipe), and none has ever 
been observed. The initial seed crystal will 
always leave behind a solid central core. 

 The hollow column shown at the lower left 
on this page exhibits nearly conical hollows 
near its center along with some distinctive 
hollow “wiggles” near the two ends of the 
column. These likely arose from changing 
conditions around the crystal during its 
development, which altered the growth of the 
hollows. Because both ends of the column 
experienced the same changes at the same 
times, the wiggles developed similarly on the 
two ends. 
  
 
 
  
  

Columnar Bubbles. In some hollow columns, 
including the two examples above, the hollows 
close up when the supersaturation becomes 
low (see Chapter 4), leaving pairs of columnar 
bubbles in the ice.  
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Needles 

Needles are long, slender columnar crystals.  The 
simplest examples are essentially extra-tall solid 
or hollow columns, but usually needle crystals 
develop into more complex shapes.  Needles are 
easy to spot with the naked eye, looking like short 
bits of white hair on one’s sleeve.  Their detailed 
structures are best viewed with the aid of a 
microscope or strong magnifier.  Needles are 
common and sometimes appear in great numbers. 

 Needle crystals are the product of warm, 
wet snowfalls, forming when the temperature 
is close to -5 C and the humidity is high.  With 
lengths often up to 3 mm, needles are the 
longest of the columnar snow crystals. 
 A crossed needle arises either from a 
polycrystalline seed crystal or from the mid-air 
collision of two simple needles.  

Needle clusters are another result of the 
branching instability, as secondary needles 
sprout from the corners of a primary needle 
end. As with fernlike dendrites, fast growth 
yields complex structures. 
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  Hollow column with needle extensions. The 
complex needle crystal above began as a hollow 
column, as evidenced by the conical voids seen deep 
inside the structure. As the hollow column grew 
larger, needle-like branches sprouted from the 
corners of the columnar ends. 
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Capped Columns 

Capped columns are columnar crystals with 
stellar plates on their ends.  A typical specimen 
looks like a stubby axle flanked by two hexagonal 
wheels.  Although these crystals are not 
especially common, a trained eye can often find a 
few mixed in with simple columnar crystals in 
warmer snowfalls.  Capped columns are just 
large enough to be spotted with the naked eye, 
and their distinctive shape makes them easy to 
identify. 
 A capped column forms when a snow 
crystal experiences its own style of midlife 
crisis, abruptly changing its growth behavior 
from columnar to plate-like.  This can happen 
when a large mass of moist air is pushed 
upward by a passing storm front.  The air cools 
as it rises, carrying its suspended cloud droplets 
along with it.  When the temperature falls to 
around -6 C, some of the droplets freeze and 
begin growing into columns.  If the air 
continues to rise, the temperature may drop to 
around -15 C, promoting plate-like growth on 
the columnar ends, yielding capped columns. 
 A common feature of capped columns is 
that the transition from columnar to plate-like 
growth is usually quite abrupt, owing to the 
edge-sharpening instability (see Chapter 3). 
This same physical effect allows the formation 
of Plate-on-Pedestal crystals described in 
Chapter 9. 
 
 

Multiply capped columns (see 
Figure 10.3) exhibit additional 
plate-like extensions, as 

shown in the example above. These extra 
plates sprout from the exposed ledges in needle 
clusters, so typically they are symmetrically 
placed on the crystal. 
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Capped Column Close-up. The three 
photographs at left are all of the same crystal, 
but with two different orientations and with 
different focal planes. The top picture shows 
the crystal in the orientation I found it, after it 
had fallen onto a glass slide.  This shows a nice 
side view of the column upon which the plates 
formed.  Some hollowing is present, so at one 
point this crystal must have looked like a 
simple hollow column. After photographing 
the crystal as it had fallen, I then used a fine 
paintbrush to flip it onto one face.  Focusing 
my microscope on the smaller upper plate 
yielded the second picture, which looks like a 
typical stellar plate.  The symmetry is subtly 
imperfect, and you can see a central dark spot 
where the column attaches.  Without moving 
the crystal, I then re-focused on the lower plate 
to produce the third picture.  Note that the 
blurry upper plate now obscures the lower 
plate to some degree.  The lower plate looks a 
lot like the upper one, as you would expect 
because the two formed under nearly identical 
conditions.   
 
 
The crystal below is a capped column with 
especially distinctive stellar plates on both 
ends. The image was captured in Moscow by 
Russian photographer Alexey Kljatov. 
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Capped Needles. These two excellent 
specimens are essentially capped columns, 
but might be more appropriately called 
capped needle clusters, as each has multiple 
plates growing from the ends of sizable 
needle clusters. Both are about 1.7 mm long, 
and the various plates (seen edge-on) are all 
amazingly thin, with razor-sharp edges.  
Moreover, the column-to-plate transitions 
are especially abrupt.  Here again these 
crystals provide excellent demonstrations of 
the edge-sharpening instability in action. I 
have encountered large capped needles like 
this only once, on one remarkable day in the 
Michigan Upper Peninsula.  These two 
crystals fell within a few minutes of one 
another, and I spotted several others like 
them as well.  When the conditions are just 
right, rare snow crystals can fall in abundance. 
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Plates from Rime. The world of 
multiply capped columns is inhabited 
by some exotic beasts, such as these 
two ice caterpillars.  Both are 
relatively simple needle crystals 
festooned with copious side plates. 
(The plates are all seen edge-on in the 
pictures).  Each of these crystals 
started out as a simple needle, which 
then became coated with rime.  Next 
the temperature dropped and plates 
sprouted from many of the rime 
droplets.  Note that the rime froze 
with the same lattice orientation as 
the underlying needles, so the side 
plates are all parallel to one another. 
Thus each of these seemingly 
disordered structures is in fact a 
single crystal of ice; the water 
molecules are aligned throughout. 
Both crystals were found in the 
Michigan Upper Peninsula, on the 
same day as the crystals on the 
previous page. 
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Double Plates 

Double plates are pairs of thin, plate-like 
crystals held together by a small connecting 
column.  Often one side is a large stellar 
plate while the other is a smaller hexagon, 
although many other variations are 
possible. This phenomenon is relatively 
common, and many stellar crystals are 
actually double plates if you look closely. 

Double plates are basically extreme 
versions of capped columns that result in 
two closely spaced plates. The two plates 
compete for water vapor, leading to a 
growth instability: any slight perturbation 
can cause one plate to overshadow the 
other, yielding one dominant and one 
recessive plate. The two photos below 
show the same rimed crystal with separate 
focus on the top and bottom plates.  
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A Multi-Layered Plate. At first glance, this 
snow crystal may look like an ordinary 
stellar plate, but a closer inspection reveals  
three distinct layers, as shown in cross-section in the inset sketch. Note first the nicely formed 
hexagonal plate near the center of the crystal (layer 1), which is slightly out of focus in this picture.  
This hexagon was one half of a double plate when the crystal was small.  The other half grew out 
faster and branched, and in doing so it deprived the hexagon of water vapor.  Because it grew relatively 
slowly, the hexagon remained smaller and faceted. One often sees double plates where the larger sheet 
is branched and the smaller one is faceted for this reason. When the crystal was about half its final 
size, it ran into low humidity and the branches grew thicker.  Later the humidity picked up again and 
the branches became double plates of their own (layers 2 and 3).  Here again one plate was left behind 
growing slowly (layer 2) while the other grew out more quickly and became branched (layer 3).  If you 
look carefully, many stellar crystals show multiple layers like this one. 
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Split Plates and  
Split Stars 

Split crystals are essentially double plates that 
have experienced asymmetrical growth.  A 
surprising number of stellar dendrites are 
split stars when you look carefully at their 
central construction. These snowflakes are 
commonly mixed in with normal stellar plates, 
and sometimes one finds isolated partial 
plates after the two parts of a split crystal have 
separated during flight. 
 The formation of a split crystal is driven 
by a growth competition between the two 
members of a double plate. The pair starts 
out symmetrical, looking much like a short 
capped column.  But if one branch or 
corner happens to edge ahead of its nearby 
sibling, then the growth of the latter is soon 
stunted from overshadowing.  If one entire 
plate dominates over the other, then the result 
is a double plate.  But if parts of both plates 
prevail, then the crystal will develop into a split 
plate or split star. If the split occurs early, the 
six dominant branches may grow into a 
surprisingly symmetrical stellar crystal. 
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Split Categories. There are eight possible topologies for 
making a split plate or star, as illustrated in the sketches on 
the left. The crystal above is one of the three possible 4+2 
variants, photographed by Patricia Rasmussen [2003Lib2]. 
Here the two parts of the crystal broke apart during 
handling, giving a nice look at a “disassembled” split star.  
 
The photo below shows one piece from another 4+2 
variant. 
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Hollow Plates 

 
Hollow plates are thick plates with voids 
extending down from their prism faces. 
Sometimes the faces grow over the voids to 
enclose thin bubbles in the ice.  These features 
are occasionally found in small prisms and on the 
broad branches of stellar crystals, although it can 
be difficult to tell the difference between 
“dimples” that are depressions on basal surfaces 
and nearly enclosed “voids”.   
 Hollow plates are essentially the plate-like 
analog of hollow columns.  One starts with a 
thick-plate crystal, and then the facet edges 
grow faster than the centers, eventually leaving 
behind hollows in the prism faces. The sketch 
above shows a hexagonal hollow-plate crystal, 
but the phenomenon is more of a structural 
feature than a snow-crystal type. Like ridges 
and ribs, small hollows are fairly common 
features in broad-branched stellar plates and 
other thick-plate crystals.  
 Hollow plates are most likely to grow when 
the temperature is either just above or just 
below -15 C, as can be seen in Figure 8.16.  
Fluctuations in temperature and humidity can 
yield rather oddly shaped voids, although 
broad, wide voids are more typical.  
 In reflected light, interference effects can 
make voids show up as colorful regions in 
photographs, which I will discuss further in 
Chapter 11. 
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When you begin to look closely, hollows and bubbles can be found on many plate-like snow crystals, 
as in these two examples. 
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Skeletal Forms 

This category refers to the formation of thick ribs 
on a basal surface followed by secondary plates 
growing out from the ribs. The quite distinctive 
“I-beam” structures that result are a fairly 
common morphological feature that can be found 
in many snow crystals. 

While thin ribs are the defining feature of 
sectored-plate snow crystals, thick ribs are the 
basis for skeletal forms. In both cases, the 
underlying physical phenomenon is the 
spontaneous appearance of rib structures on 
convex basal surfaces, which is described in 
Chapters 4 and 8. Both thin-rib and thick-rib 
phenomena are clearly seen over a broad range 
of conditions in Figure 8.16, showing that they 
grow under constant growth conditions (in 
contrast to capped columns, for example, 
which cannot form in constant conditions). 
 

When circumstances are right, plate-from-rib 
skeletal forms can be remarkably common. 
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Columns on Plates 

This category includes crystals for which plate-
like growth was followed by columnar growth, 
which is essentially the opposite of capped 
columns. As shown in the sketches, the columnar 
growth can take the form of simple columns (top), 
or sections of hollow columns called scrolls 
(bottom). Unlike capped columns, simple 
examples of these forms are exceedingly rare.   

A typical cooling cloud may transition 
through -2 C (not cold enough to freeze 
droplets) to -6 C (droplets start to freeze, 
columns form), to -15 C (plates form), and this 
common behavior can yield capped columns. 

Weather scenarios that produce columns after 
plates are unusual, so any kind of column-on-
plate growth behavior is quite rare.  
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Locally Abundant. In birdwatching, rare but “locally abundant” birds are generally hard to find, except 
when they are all around you. Snow crystals can be the same way. When a snowfall produces just the 
right conditions, ordinarily rare crystals can be quite abundant, at least for a short while. I 
photographed all the odd column-on-plate crystals on this page during a 20-minute period in 
Fairbanks, Alaska, when the temperature was near -5 C. One never knows what the clouds may deliver.  
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Triangular Crystals 

Triangular snow crystals display an overall 
three-fold symmetry rather than the usual six-fold 
symmetry.  The most common shape is a 
truncated triangular plate, sometimes with 
branching.  Triangular crystals are relatively 
rare and usually small.  They are most likely to 
be found in warmer snowfalls, mixed in with 
other small plates. 

As described in Chapter 4, there is a weak 
growth instability that can cause a hexagonal 
plate to transform into a triangular shape. A 
slight perturbation in that direction will be 
amplified by diffusion-limited growth, and, 
once begun, the transition from hexagonal to 
triangular is irreversible. Exactly how and when 
this instability is triggered, however, is not yet 
well understood.  
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Bullet Rosettes 

Bullet rosettes are collection of columnar crystals 
that form together around a single nucleus.  
Competition for water vapor inhibits growth near 
the center, giving each column a bullet-like 
shape.  Individual bullets come from the breakup 
of bullet rosettes. These snowflakes are typically 
found mixed with columnar crystals in warmer 
snowfalls.  Bullet rosettes are polycrystalline 
forms, which means that the entire structure is 
made of several individual crystals that grew out 
from an initially polycrystalline seed. 
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Radiating Plates 
and Dendrites 

Radiating plates and dendrites are 
polycrystalline forms much like bullet rosettes, 
except with a collection of plate-like crystals 
instead of columns.  Typically, the different 
segments grow out from a common center, and 
their structure can be anything from simple 
faceted plates to fern-like dendrites.  These 
composite structures are common and typically 
found mixed in with other plate-like crystals. 
 

Whether a cloud droplet freezes into a 
single ice crystal or a polycrystal depends on 
many factors.  Larger droplets are more likely 
to become polycrystalline, as are highly 
supercooled droplets.  Polycrystals can also 
form when particles collide and stick.  The 
crystal at the bottom of this page probably 
picked up a rime droplet that froze with some 
random crystal orientation.  This nucleated the 
formation of the additional branches you see 
growing out of the plane of the photograph. 
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Sheaths and Cups 

Sheaths are exaggerated hollow columns with 
exceptionally thin walls and deep hollows. Cups 
are stout crystals with flared walls that resemble 
shallow hexagonal goblets. 

In terms of growth mechanisms, these 
crystals could be included in the hollow-
column and capped-column categories; but 
both can be quite distinctive in appearance, so 
they have picked up their own names over the 
years. These crystals are generally small and 
rare, so are easily overlooked. I found these by 
scanning over collections of small irregular 
crystals that had landed on glass slides. 
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Crystal Twins 

A crystal twin is a special polycrystalline form 
consisting of two separate single-crystal pieces 
joined together (see Chapter 2).  The pieces are 
joined in specific orientations, and twin columns 
are common enough that you see them with some 
regularity.  Most twins are small, uncommon, 
and easy to overlook in the midst of other 
crystals, unless you know to watch for them. 

Crystal twinning is a common 
mineralogical phenomenon involving an initial 
molecular lattice mismatch that develops into 
a pair of co-growing crystals. The alignment of 
the pieces indicates the lattice construction of 
a twin crystal, and I described the known 
possibilities for snow crystals in Chapter 2. 
Crossed plates and arrowhead twins are both 
quite rare in the wild, although some variants 
are fairly easy to produce in the lab. Twin 
columns can be quite common; they look 
almost exactly the same as normal columns, 
but often one can see a distinct “evaporation 
groove” around the column’s waist (see 
Chapter 2), indicating the weaker molecular 
bonding in that plane. 
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Twelve-Branched 
Snowflakes 

A twelve-branched snowflake is essentially a 
matched pair of six-branched stellar crystals 
attached at their centers, with one rotated 30 
degrees relative to the other.  Twelve-branched 
snowflakes are uncommon, but they can be quite 
large and distinctive in appearance. Some 
snowfalls bring quite a few mixed in with normal 
stellar crystals. 

The evidence to date suggests that a 
twelve-branched snowflake is nothing more 
than two six-branched crystals that collided 
and stuck together when they were small. The 
near-perfect 12-fold symmetry in some 
examples appears to arise from a selection 
effect: if two tiny prisms experience a collision 
that bonds their basal faces together with close 
to a 30-degree rotation between them, then the 
pair will develop into a well-developed and 
easily spotted 12-branched crystal. However, if 
the collision is less ideal (which is far more 
likely), then the pair will develop into an 
inconspicuous radiating dendrite. A key to this 
model is that your brain is quite adept at 
noticing symmetrical snowflakes in the midst 
of a great deal of malformed clutter. The fact 
that many 12-branched crystals are not quite 
aligned, either in position or angle, supports 
this selection-bias hypothesis. 
  



440 
 

  



441 
 

  


	1FieldGuide2
	1FieldGuidePartTwo2

