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Permafrost is divided into three main groups:

1. Continuous permafrost has a mean annual
temperature at 10-15m deep of less than
-5°C, and the permafrost table is less
than 0.6m below the surface.

2. Discontinuous permafrost has a lower
permafrost table because temperatures
are higher and there is more seasonal
surface thawing. The mean annual
temperature at 10-15m deep is between
-5 and -1.5°C.

3. Sporadic permafrost - areas of small

islands of permafrost in a generally

unfrozen area. These are mountain regions
or may represent relics of former colder
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Climate Graphs for two Periglacial areas
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The characteristics of Permafrost

Permafrost depth — maximum
thickness of 1500m in Siberia. Most
areas are less than 600m. In areas
of discontinuous permafrost, depths
are less than 60m. Locally depth of
permafrost varies due to:

» present climatic conditions

* past climate (may take thousands
of years to develop)

* soil type (if any)

* yegetation cover :

« water bodies, i.e. rivers, lakes,
oceans

* SNOW cover
* aspect
* wind.

Permafrost terminology,
and factors influencing permafrost
depth (After: Summerfield, 1991)

/

Varies from a few centimetres
fo 4m deep

Permafrost

1 Active layer - the zone of greatest

v temperature fluctuation which freezes and
thaws seasonally.

Permafrost layer

Open talik - unfrozen water trapped as
 freezing moves downwards from the ground
surface and upwards from the permafrost.

These may last for several months.

Closed talik — water pocket due to the release

| of latent heat as water changes from liguid to
solid state and due to volume changes of
freezing water

L Intra-permafrost talik - water pocket which

may last for a long time before freezing.

/ , Sﬁb-psrmafrost talik - i.e. below the

ermairost zone.



Deformation of gravel, lignite and clay
deposits in a clay pit in the Rhineland in
Germany. These periglacial involutions are
caused by cryoturbation. They can be used
to determine the depth of permafrost in
central Europe during the Pleistocene.
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A Range of Periglacial Landforms

frost creep
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The Pattern of Permafrost with topography, water, vegetation and soil
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Winter at Canada's large pingo near Tuktoyaktuk, western Arctic coast.
The pingo summit rises 49 m above the surrounding drained lake flat.
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Zurich Pingo 1 (highest part of pingo is 13 m high), Traill Island, east
Greenland, July 1993.




The subtle ring-shaped features occur in a never-glaciated part of South
Dakota. They may be relics of pingoes, mounds that form now in the
Arctic when ice trapped underground expands.




The development of ice wedges beneath the active layer
occurs on gently sloping or flat land in the ice rich
sediments
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A cross-section of permafrost shows an ice wedge hiding just below the surface.
The active layer is soil that will thaw in summer and refreeze in winter. Below that
IS permafrost - soil which is too deep for the warmth of a brief summer to reach.
This sample is in the Arctic National Wildlife Refuge in northeast Alaska.

(U.S. Fish and Wildlife Service).




The two hypotheses for the upward movement

of stones In permafrost.

a Frost-pull hypothesis
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Ground stHI frozen

Unfrozen active layer

On freezing frost-
heave lifts the stone
and the surrounding
sediment

On thawing of the
active layer the area
beneath the stone
thaws slowly, As this
melts the finer
materials move in to
fill the space. The
stone is supported at
the raised level by the
unthawed ice below
the stone. There is a
relative upward move-
ment of the stone.

b Fru:t-push hypothesis
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Unfrozen active layer.
Sollwater flows round
the stone and collects
underneath.

As the active layer
freezes the ice lens
formed beneath the
stone pushes the
stone upwards. Uplift
most effective with
rapid freezing.

As active layer thaws
finer materials fill the
gap beneath the
stone.




Patterned ground (stone circles) in the Scandinavian Arctic
(Spitsbergen).




Stone stripes are common features on sloping terrain.

Stripes commonly develop by
the downslope extension of
sorted polygons or the linear
alignment of soil buds
occupying level areas

Stripes are found on gradients
of more than 3° but rarely on
slopes steeper than 30°

Stripes curve around blocks
and outcrops

Stone stripes. Sorted

stone stripes are common features on

sloping terrain in periglacial regions.

Stone stripes have a shallow
depth of sorting, with the
largest stones near the
surface

Bands of fine sediments
between the stripes are wider
than the stony stripes

| The size of stripe increases

with stone size




Cross-sections of two types of stone stripes in the Venezuelan Andes

a Pebble-sorted stripes Ridge soils have higher soil Ridges contain 19% gravel
, moisture content than trough soils and 16% fine material at

These have clasts with long axes less than 64 mm and occur on the surface

slopes of less than 25°. The materials are supplied from in situ sorting

within regolith. Coarse soil particles migrate to the ground surface. Troughs contain 46%

gravel and 6.5% fine

iel ' 3 .
8 observatons siaggest material at the surface

Lateral sorting extends Riige: Siripe lrough) troughs remain free of

to only a shallow depth el Soil horizons

I [ [ [ I !
0 5 10 15 20 25 cm

b Cobble-sorted stripes
: : . Ridges contain 24% gravel Ridges of finetextured, low-density sail which
These consist of coarser materials derived from the and 20% fine sediment are covered by minute, puffy earth lumps
downslope transport of frost-weathered debris or talus. {rubbings) at the surface. Recurrent needle-
Coarse soil particles migrate to the ground surface. ice activity
Troughs contain 73%
Ridge  Stripe (trough) gravel and 18% fine

material at the surface Soil horizons




Solifluction on slopes. Note the snow patch feeding

water into the solifluction (of gelifluction) lobe.

snow melt

gelifluction lobe
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Stone-banked and turf-banked solifluction lobes.

a Stone-banked Sparse and thin vegetation mat

Stone bank

Humus and
vegetation mat
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Asymmetrical valleys resulting from solifluction on south

facing slopes in the Cheviot Hills (English/Scottish borders)

North South

. Upper limit of drift Hlllsiupe little drift, may
L R Gentle concave slope show signs of Ejaclal y
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i i
sediments i

Tread
Frostshattered angular stones
set in a sandy matrix (3)
B Resedimented till (2)

B Unmodified fill (1)
I Bedrock or obscured

B Floodplain

Cheviot solifluction sheet, showing characteristic
morphology (Source: Harrison, 1993)




Wind blown periglacial deposits in southern Britain

Loess is best preserved on

limestone surfaces due to the B Loess, less than 0.3m, often discontinuous
lime acting as a cement and the

reduced water activity, Most = B Loess, more than 0.3m, usually continuous

British loess deposits are less
than 1 m thick.

Vale of York coversands
show well-defined dune
ridges. Dated as Late
Devensian.

Late Devensian sands
cover 200km2 of coastal

B2 _ » S
plain to a depth of 1-3m. e = -
Source of sand was e
fluvioglacial in origin. = = Bre::itan-::l
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Pegwell Bay — loess
up to 4m thick

Best loess deposits occur on
river gravel terraces, Tertiary
sediments and chalk on either
side of the Thames estuary.




River erosion Iin
periglacial areas
such as the
North Slope of

Alaska is
Influenced by
both permafrost
and extreme
hydrographs.
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Hydrology of the North Slope, Alaska, USA (Source:
Drage et al., 1983)
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Colville River hydrograph, 1962
(Source: Summerfield, 1991)
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Rapid thawing in the
spring leads to flood
water and the thawing of

the active layer.




From mid-May, the river
Ice breaks up and water
levels rise 5m in less than
10 days. The active layer
thaws. The bulk of the
erosion takes place In
June. Sudden collapse
can occur when melting
Ice-wedges are exposed.

Bank failures can occur
when the water level
begins to drop.

Erosion rates can exceed
2m a year.
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Water contact with the frozen bank causes
Snow thawing. After break-up the water increases
in valume, temperature and velocity and
undercutting starts, Niches may extend by
up to 7.6m per year into the river banks.
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lce wedges erode quickly once exposed.
They may occupy up to 20 per cent of

the bank face.
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Riverbank erosion on the Colville River
{Source: Richie and Walker)



A Nivation Hollow in the French Alps
above an avalanche track.
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