
Permafrost



Definition
Categories

continuous/discontinuous
thaw-stable/thaw-unstable

Active layer
Permafrost formations

Ice wedges
Ice lenses
Pingos
Palsas
Ice-wedge polygons
Gelifluction lobes



Permafrost: Any ground 
that remains below 0° C 
for two or more 
consecutive years.



Continuous vs discontinuous permafrost

Permafrost underlies the 
entirety of an area…

The permafrost layer is broken up 
by patches of unfrozen ground…

permafrost

no permafrost

Continuous Discontinuous



Thaw-stable vs thaw-unstable permafrost

Thaw-stable permafrost will 
retain its shape when thawed…

Thaw-unstable permafrost has a high 
water content and will lose volume when 
thawed…

Finger Rock [D97.5]

Ground slumping caused by 
thawing permafrost



Active layer

There is always a layer of soil on top of the 
permafrost which thaws during the summer.

This is the layer plants can utilize.

It can be a few inches or many feet deep.

The depth of the active layer is influenced 
by elevation, latitude, angle of slope, 
orientation of slope, vegetative cover and 
presence of water.



Ice wedges

These are wedge-shaped ice veins 
formed through freezing and thawing 
of water in cracked ground 



Ice lenses

The term ice lens is a general 
one used to describe 
horizontally-oriented patches 
of underground ice. 



Pingo: open-system

This is an open-system pingo. Open-
system pingos depend on artesian 
water sources and are found in areas 
of discontinuous or shallow 
permafrost. Groundwater, under 
pressure but prevented from reaching 
the surface by a layer of permafrost, 
finds a discontinuity in the permafrost 
cap. It pushes toward the surface and 
freezes, expanding in volume and 
creating a mound of ice



Pingos: closed-system

Closed-system pingos get started when a 
body of liquid water causes a substantial 
amount of talik, or highly saturated soil, 
underneath it to thaw. As the lake drains or 
the river changes coarse, this soupy mixture 
is once again susceptible to the cold and 
begins to freeze inward from the sides, top 
and bottom. Freezing water in the talik
expands, forcing liquid water to push upward 
(the direction of least resistance) forming a 
mound. This eventually freezes as well, 
giving the pingo its core of pure ice.



Palsas

These ice-core mounds are similar to 
pingos, though usually smaller and 
less regular. Palsas are filled with 
frozen peat and occur in wet, boggy 
areas. They result from differential 
frost heaving, in association with 
variations in snow cover. Where 
winter wind exposes high areas, these 
cool more and faster than surrounding 
mossy regions. This difference in 
temperature leads to deeper freezing 
and the formation of segregation ice 
which heaves the surface upwards.



Ice-wedge polygons

Ice-wedge polygons form when surface snow, 
covering regular cracks in the ground melts and 
trickles downward. The deeper ground warms 
more slowly, and so this water freezes, forming 
a wedge of ice in the soil. Later in the summer, 
the deeper permafrost begins to warm, not 
melting but expanding, and since the cracks are 
now filled with ice, it has no place to go but up. 
Thus the soil along either side of the ice wedge 
is raised slightly. Because ice is weaker than 
frozen soil, frost cracking tends to occur 
repeatedly along the same stress lines; the 
process is repeated year after year until large 
bodies of ice are formed in the upper layers of 
sediment.



Gelifluction

Gelifluction is the down-slope movement 
of soil over permafrost. Permafrost 
prevents moisture from penetrating any 
deeper than the limit of the active layer 
and provides a slippery surface over which 
the saturated soil can slide. When talik
freezes, it increases in volume and 
expands outward perpendicular to the 
slope. When it thaws, it loses volume and 
sinks back down. This process, however, is 
directed by gravity straight downward, 
bringing the soil stepwise down the slope.
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