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Presenter
Presentation Notes
Permafrost refers to areas where the temperature of the ground remains below 0 degrees for at least two consecutive years.  In most areas of the Canadian Arctic, permafrost began to develop as soon as the land was uncovered when the last glaciers melted away.  In some areas, such as northern Yukon and Melville Island, permafrost has been in place for hundreds of thousands or millions of years.

Permafrost develops under both Arctic climates, as here at Gjoa Haven, and under northern boreal or taiga climates.


1 Permafrost Zones
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Presentation Notes
Permafrost areas underlie about 50% of Canada, in addition to all of Alaska, large parts of Russia, and northern Scandinavia.

Permafrost areas are divided into zones:  continuous, discontinuous, sub-sea, and alpine.  

Continuous permafrost zones are underlain by permafrost in all areas, except along the marine coast.  Communities on continuous permafrost include Inuvik, Tuktoyaktuk, Churchill, Gjoa Haven, and Grise Fjord.  (find these on a map).  The boundary between the continuous and the discontinuous zones is approximately along the tree line.

Discontinuous permafrost includes areas with unfrozen zones, called talik.  Widespread discontinuous permafrost areas have permafrost on between 50% and 95% of the land.  Communities include Dawson City, Yellowknife, and Iqaliut.

Scattered Discontinuous areas have less than 50% of the terrain underlain by permafrost.  Communities include Whitehorse, Moosonee, and Labrador City.  Discontinuous permafrost areas support northern boreal forests (taiga), dominated by spruce and fir.  

Sub-sea permafrost occurs under the Beaufort Sea.  This area was dry land 30,000 years ago, allowing the permafrost to develop.  Rising sea level since then has flooded the land, drowning the permafrost areas.  Because the temperature of the sea bottom is above 0 (the sea is not frozen to the bottom), this permafrost is now melting very slowly.

Alpine permafrost includes small areas on mountain tops.  

In this presentation, we will talk mostly about continuous permafrost areas.


Alpine Permafrost,

Plateau Mountain, Alberta



Presenter
Presentation Notes
This is an example of an alpine permafrost area, from the southern Rocky Mountains of Alberta.  The stones have been heaved up by frost action to form a net-like pattern.
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Presenter
Presentation Notes
Areas of discontinuous Permafrost, such as the Sebaskachu River, northeast of Goose Bay, Labrador, support northern boreal forest (taiga) vegetation.  The brown areas are frost-creep features called “gelifluction lobes”, formed as repeated freezing and thawing causes the sediment to move towards the valley bottom at a few millimetres per year.
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Presenter
Presentation Notes
This is an area of widespread discontinuous permafrost (about 80% underlain by permafrost) at tree line, along the Dempster Highway, Richardson Mountains, NWT
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Presenter
Presentation Notes
All permafrost areas have a surface active layer.  The active layer thaws each summer (as temperature rises above zero) and freezes each winter.  It is the freezing and thawing of the active layer that disrupts the sediments and creates the features (similarly to the way that a road pothole forms).  Plants can grow on the surface, like this cottongrass, but their roots cannot extend below the active layer into the permafrost.
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Presentation Notes
As the sediment freezes, water is drawn to the freezing plane.  Water collects along the plane, freezes, and forms large lenses of pure ice.  The lenses develop best in silt, which allows water to pass through (unlike clay), but not so rapidly that it runs out (as in gravel).  
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Presentation Notes
As sediment freezes, pebbles and cobbles are heaved upwards.  This produces frost-heave structures, such as this one.
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Presentation Notes
Large amounts of heaving over long periods of time (thousands of years) can produce very large involutions.  The gravel has been heaved up to make a dome more than 2 metres high.  This particular involution was formed about 30,000 years ago.




Presenter
Presentation Notes
Repeated frost heaving, combined with melting of the active layer in the summer, produces a landscape with many earth hummocks, heaved rocks on the surface, and gullies.  Polar Bear for scale; near Iron Strand, northern Labrador.
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Presentation Notes
Continuous frost heave on a gentle slope will form stone stripes.  Stones heaved to the surface will gradually move down slope, forming ribbons of stone.  Sachs Harbour area, NWT


Terracettes, MacDougall Pass NWT



Presenter
Presentation Notes
Slow downslope creep of frost-heaved material will form terracettes.  These ones, from MacDougall Pass, Richardson Mountains, NWT, are moving downslope very slowly, much less than 1 metre each year.


Ice Wedges
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Presentation Notes
Freezing water expands by 9.2%, exerting pressure on surrounding sediments.  This forces the ground to crack, forming a wedge of solid ice.  In the next spring, the edges of the wedge thaw, but the centre remains frozen.  In the following winter, the edges freeze again, forcing the ground further apart.  Eventually, an ice wedge develops.

Ice wedges can only exist if they are completely surrounded by sediment.  This one was exposed along a bank of the Stewart River, near Mayo, Yukon.  In the picture, taken in 1989, it is melting and could not continue to develop.  It has since completely disappeared.


Ice Wedge Casts

-lce wedge melts

-sediment falls into the cavity,
preserving the form

- Indicate that permafrost once was
present
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Presentation Notes
The ice wedges formed under an arctic climate.  When the climate changed, the ice wedges melted, and the overlying gravel beds fell into the exposed crack.  The ice wedge casts was exposed as the gravel was mined. 

Left:  from Villeneuve, Alberta, near Edmonton, formed more than 20,000 years ago.  The climate was similar to that of Inuvik, NWT, today.

Right:  from Port Blandford, NL, formed about 12,000 years ago.  The climate was similar to that of Makkovik, Labrador, today.


Patterned Ground
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Presenter
Presentation Notes
Patterned ground, also called tundra polygons, consists of polygonal features from 5 cm to > 100 m across.  The sides of the polygons are bordered by ice wedges.  As the ice wedges melt in summer, as in this example from Banks Island, high-centred polygons are produced.  Running water further erodes the ice wedge trenches along the polygon boundaries.
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Presentation Notes
Patterned ground with High-centred polygons and thaw lakes from the air, near Paulatuk
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Presentation Notes
In this example, from northern Yukon, the pattern ground has low-centred polygons, with small lakes or marshes in the middle.  These form when the centre partially melts.
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Presentation Notes
Thermokarst lakes form when the underlying terrain melts.  The lakes may have straight edges, where ice lenses have melted; or they may be oval or circular.  These are from western Banks Island.
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Presenter
Presentation Notes
Thermokarst lakes can develop in the northern part of the discontinuous zone, as in this example from the Mackenzie Delta.  The lakes that are separated from the Mackenzie River by walls of frozen sediment are dark blue.  Light blue or milky lakes have received some of the muddy water from the river as the banks have melted.  The diagonal line was made during seismic exploration for oil in the winter; note that it goes across the lakes, because it was made when everything was frozen.
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Presentation Notes
The edges of thermokarst lakes are constantly eroding.  
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Presentation Notes
Slope failures occur in permafrost areas when frozen sediments melt.  In this example, along the Mackenzie River, the river has cut into the bank.  The grey material is frozen sediment (about 75% ice and 25% silt), and it is now melting.
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Presentation Notes
If waves cut into frozen sediment, it will begin to fail, and the banks will erode ….
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Presentation Notes
 … if your house sits on top of a bluff of frozen sediment, you may have to be concerned about erosion.  These houses are in Sachs Harbour, NWT.
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Presentation Notes
Pingoes are the most conspicuous permafrost landforms.  They are made of sediment covering a large ice lens, with a pool of water under high pressure beneath.  They can be up to 75 m high and 600 m in diameter.

Pingoes form as a lens of ice is pushed upwards, like a piston, driven by the pressure from the pool of liquid water beneath.  Eventually, one of two things happens:  either the ice lens breaks the surface, and is exposed to melting; or the side of the pingo collapses.


Wind River YT
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Presentation Notes
If you could cut open a pingo, this is what you would see:  a lens of ice that has pushed the sediment upwards (note the deformed silt beds).  As this ice is now exposed, it will melt rapidly.
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Presentation Notes
Houses are elevated to make sure that the heat does not penetrate into the ground, causing permafrost to melt
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Presentation Notes
Houses need to be set well back from the coastline, so that they are not vulnerable to erosion
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Presentation Notes
Oil and gas pipelines have to be monitored carefully, because erosion tends to expose them
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Presenter
Presentation Notes
The weight of vehicles tends to melt the underlying permafrost, making trenches


Questions ...

IHew woeuldira change:in  climate; affect these
landifierms?

IHeW. can peopleradjust to living wWith
PErMalrest?
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