
'Perennially frozen matericl lurks benesth at least one-
fiftlt, and peťlrúps as rutrch as one-faut,th, of the Eartl.t,s
Ícttd stu.fLtce.,

Frederick Nelson. i 999

Periglaciation

The term periglacial, str:ictly speaking, means
'near to or at the fringe of an ice sheet', where
frost and snow have a rnajor impact upon the
landscape. However, the term is often more
wiclely used to include any area that has a colcj
climate - e.g. mountains in temperate latitudes
such as the Alps and the Plateau clf Tibet - or
which has experienced severe flost action in
the past - e.g. southern Englancl during thc

Quaternary ice age (Figure 4.3b). Today, the
most extensive periglacial ar.eas lie in the
Arctic regions of Canada, Alaska and Russia.
These areas, which have a tundla climate, soilt

and vegetation (pages :133-:134), exhibit their

own charactelistic Iandforms.

ř*t wxéy*s:t
Pcrntafrost is pelrnanently frozen ground. It

occurs where soil temperatures remain belon'
0'C for at least t\^/o consecutivc years. perrnafrott

covers almost 25 pel cent of the F.arth,s land
sulface (Irigure 5.1) although its extent changel
over periods of time. Its depth and continuitv
also valv (Figure 5.2).

r"

aaaaoaa.oeaaaaoao oaoa aaooa ooaaaa.aal

Figure 5.1
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(lontinuous permafrost is founcl mainly
within the Arctic Circle whele the mean annual
air temperature is below -5'C. Hele wintel temp-
eratures may fall to -.50"C and sumrners are

too cold ancl tocl shoÍt to allow anything but a
sllperficial rnelting of the ground. Thc pelmafi'ost
has been estirnatecl to reach a clepth of 700 m
in nolthenr Canacla anc'l 1500 m in Sibclia. As
Figure 5.1 shows, continuous permafrost extends
further south ir.r continental intcriors than in
coastal areas which are subjcct to the nrarming
influence of the sea, c.g. the North Atlantic l)rift
in north-n est l..urope.

l)iscontinuous permafrost lics fulther south
in the noltheln hemispherc, reaching 50'N in

discontinuous -1 
"C sporadic

permafrost permafrost
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Figure 5.2
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ccntral Russia, and collesponcls to those areas with
a mealr annual temperature of between -1'C and
_5"C. As is shown irr Figure. 5.2, cliscontirruous peÍ-

mafrost consists of islancls of pcmrancntlv frozen
glouncl, separatecl by less cold alcas which lie near
to rivers, lakes ancl the sea.

Sporaclic permafrost is founcl whcrc mean
annual temperatures are iust below frcczing
point ancl sllmmers are sevetal clegrccs above
0'C. 'Ihis results in isolatcd arcas of frozen
grouncl (Figure 5.2).

In areas wheLc surnrncr temperatures lise
above freezirlg point, thc sulfacc layer thar'l s to
forrn the active layer. This zone, which uncler
some local conditions can becorne ver), mobile for
a lt'w morrths beiore l-reezing, Jlain, ( Jn vary in
dcpth frorn a fevv centimetres (where peat
or vegetation cover protects the grotrnd from
insolation) to 5 m. 'l'he actir''e layer is oftcn
satulated because meltwater cannot intiltrate
downwards through the impelrncable perma-
frost. Meltwater is r.rr-rlikely to cvaporate in the
low summer temperatures or to dla.in downhill
since rnost of the slopes are vcrv gentle. 'l'he lesr-rlt

is that permafrost regions contain many of the
world's few remalning r,vetlancl environt'nents.

The unfrozen lairer bencath, or indeecl anv
unfrozen rnaterial within, thc peruiafrost is
krrown as talik.'l'he lower limit of the petmaftost
is determined b,v geothermal hcat r'r'hich causes
tempelatureS to ťisc abol,e 0.C] (t..igute 5..3).

.lěmpefatulL-S taken over. a pel iocl r]f yga1' i.
the discontinuous and continuous permafrost
suggest that, in Canada, Alaska ancl Russia, there is
a general thawing of the frozen grouncl, an event
accreclited to global wanning (Case Stucly 5).
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N,lost periglacial regions are spalselv populatccl and
uncleldtvelopccl. Until the search for oil ancl gas
in thc 1960s, there had been little nceci to study
or understancl the gcrtmorphological proccsses
which opelatc in these aleas. Althor.rgh significant

stlidcs havc bc.en macie in the last .30,vc.aLs, the

is still unctltaintv as to hovv certain features hu

clevclopecl ancl, inclcecl, u'htther such fcaturts
ale ,still being formccl totjav ol arc a legacy of a

ilrer'"ious, errcn loldcl clirnate i.c. a fossil orLr:

landscape. figule 5.'1 givcs a classification of th

r,arioits LrIoCťsseS wl]ich r]ileratc, ancl tltc land.

folnrs lvhich devc.lop, in periglac-ial are;is.

Figure 5,4

(lassification of
periglacial processes

and Iandíorms

Figure 55

Frost-heave and

stone sorting

a doming occurs when

the ground freezes

in winter but may

disappear in summer

when the ground

thaws - the ground
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Frost-hcave inc|-rdes several plocesses whicit
cause eithel fine-grained soils such as silts and
clays to expancl to folm small domes, or indi-
vidual stones within the soil to be tnoved to th.
surface (Figure 5.5). It lcsults ti'om tl're dilect for-
mation of ice - either as crystals or as ienses. The
thermal concluctivity of stones is greatcr than
that of soil. As a result, the area under a stone
becomes colder than the surrounding soil, and ice
crystals form. F'urther expansion by the ice widcns
the capillaries in the soil, allowing more moisture
to rise and to ti'ceze.'fhc crystals, or the larger ice
lcnses which folm at a grcater depth, force the
stones above them to rise r-rntil eventually they
reach the surface. (Ask a gardenel in northern

5orted stone poIygons (stone circIes and stÍipe5: patteÍned ground)

l(e Wedges WÍth unsorted polygons: patterned gÍound

Pi ngos

Blockfields, talus (scree), tors ([hapter B)

Nivation hollows

Solifluction sheets, rock streams

Braidlng, dry valleys in chalk ((hapter B)

Loess (limon), dunes

Ilritain to explain l,r,hv a plot that \,vas left st0n

less in thc autumn has bccome stonc.-c-overcill
the spring, following a cold lvinter..)

l)ulir.rg pcriocls of thaw, meltwater leaves
rnatcrial undel thc uplifted stones, preventin
them flom falling back into theil original po:

tions. In arcas of rcpeated freezing (idcallv
rt.her.e tempeťatules fall to between _'1.C and
*6'C) and thawing, flost-heave both lifts and
sorts material to form patterned ground onl
surface (Figure .5.6). The larger stones, with tt

extra weight, tnove outr,rrards to form, on alut

flat arcas, stone circles or/ more accuratcly, st

polygons. Whele this process occurs on slopr

with a gradient in excess of 2', the stoncs u,il
slowly move downhill undcr gtavity to form
elongated stonc stripcs.

angular polygons on
flat ground (under 6')
1-5 m in diameter

ligure5.6

Frost-heave: the format t

polygon5 and stone 5tÍip(

elongated strip(

slopes exceedin

and/or lenses I movementofstones

stones forced to the surface by frost heaving, subsequent capillary
action of water gives more freezing and enlarges ice lenses
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|aÍqer stones 
sma||er stones

Id| 9ťDLU| |ť5

permanently frozen ground



therc
; have
'es

fa
: relict
thc

tci-

te-

by

fine
I
ii-

on

T

tigure 5.7

Theformation oí
rce wedges

frozen surface contracts

sma|| ten5ion cÍack

thawed surface

meltwater with some
sand and dust

frozen surface

itxY"

l_
€!oIFt-
3_

)

0l

3']ilg,l

I

3r

t^
E
s
óo

^fJ

he
err
)st
ne
t

first winter first summer

sr* *yya ď g*rr ťe"*ťťg.* g;
'l'he refreezing of the active layer clur ing the
sevete wintel cold causes the soil to contract.
Clacks opcn up which are similar in appearance
to the irlegularly shaped polygons found on
the bed of a dried-up lake. During the followirrg
summer/ these cracks open, close or fill with melt_
water and, sometirnes, also with water and wincj-
blown deposits. When the watet refreczes, during
the following winter the cracks widen and deepen
to form ice wedges (Figure 5.7). 1'his process
is repeateci annually until the wedges, which
underlie the perimeters of the polygons, glour to
as much as I m in width and 3 m in depth. Fossil
ice wedges, i.c. clacks filled with sands ancl silt
lett by meltwater, are a sign of earlier periglacial
conditions rl igure 5.91.

Patterned ground (Figure 5.8) can, therefore,
be produced by tr,rro processes: frost-heaving
(Figule 5.6) and ground contraction (Figure
5.7). Frost-heaving results in srnail clome_shaped
polygons \ /ith larger stones found to the outside

second Winteř

lce wedge polygons near

Barrow, Alaska. The patterned

ground is formed by polygons

up to 30 m in diameter. The

polygon boundaries mark the
position ofthe ice wedges

of the circles, whereas ice contraction produces
larger polygons \\rith the centre of the circles
deplessed in height and containing the bigger
stones. 'lhe diameter of an indiviclual polygon
can reach over 30m.

sr**.reax g *f grr,**srt*,b{řťřť#í
Pingos are dome-shaped, isolated hills which
interrupt the flat tundra plains (Figure 5.10).
They can have a diameter of up to 500 m and rnay
rise 50 m in height to a summit that is sometinres
ruptured to expose an icy core. As they occur
mainly in sand, they are not susceptible to frost_
heaving. American geographers tecognise two
types of pingo (Figure 5.11a and b), although
recent investigations have ied to the suggestion
of a third type: polygenetic (or rnixed) pingos.

tigure5.9

fussilicewedge

frozen surface contracts again

water freezes, widening
and deepening the crack
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Open-systern (hydraulic) pingos ctccur in
valley bottoms and in areas of thin or cliscon_
tinuous pemafrost. Surface water is able to
infiltrate into the upper layers of the grounci
where it can circulate in the unfrozen sccliments
before freezing. As the water freezes, it expancls
ancl fotms Iocalisec] lnasses oÍ ice. T.hc icclorces
any ovelllzillg sediment upwards into a dome-
shapecl fcature, in the same lvay that frozen
rnilk lifts thc cap off its bottle. This type of
pingo, lcferred to as the East Greenland type,
gLon s front beiow (Figur-c 5. 1 1 a).

Closed-system (hydrostatic) pingos are
nrore character.istic of flat, low-lying areas where

the perntafr ost is continr-rous. 'fhev often iLrr

oÍl the sites of sma|| lakes where rvater is ttlt1l

(cnclosecl) by freezing front above anci bl titL

advattcc rrť lht' llct.rna|r.,rt inrtar.tlr 1rotll tl
lake rnargins. As the water freezes it l,r,ill crp,r

forcing thc ground above it to rise Lrpwatls i:

a clome shape. 'l'his typc of pingo is knoun,ril
Mackenzie type as over 1400 have been nco,
in the dclta legion of the Rivel Mackenzie, It

results from the downlvard growth of the
permafrost (Figure 5.1 I b).

As thc surfac-e of a pingo is strctchecl, thL

sunlmlt may ruptul e and crack. Whcre thr ii,

core ntelts, the hill tnav collapse leaving a uti

watel-filled hollow (f igur.e 5.11c). Later, a nir,

pingo may form on the sarne site, and therul
be a repeatect cycle of forrnation and collaps,:

: '...i.:.:r, tr, tI: :tr. .,::.-t

Mechanical weatl-rer.ing is far more signrficuti
in periglacial areas than is chemical lveatheril.
with frcezc-thaw bcing the dorlinant procur
(Iigure 2.10). On relatively flat uplancl suLlrrr
e.g. the Scafell r'ange in thc l.ake Districtanrl:r
Glydcrs in Snowclonia, the extensivc spreadi,.
large, angular boulclers, formecl ili slfrr br, lLoii

action, are knolvn as blockficlcls or felsenmu:
(literallv, a'rock sea').

Scree, or talus, develops at the foot of stcelr

slopes, especiallv thosc contposccl of rveil_jointLr

':1. . -::i::::i

!igure 5.1 &

A pingo, Markenzie
Delta, (anada

řigule 5.t Í

Formation oípingos

a open-system (East Greenland) type

summit of pingo ruptures
ano opens

ngwly frozen surfs.a

ice core

pérmafrost

b closed-system
(Mackenzie) type

permaírost

frozen lake with sediment on its floor insr
lates the ground beneath it, creating talik

upward movement of groundwater
by hydrauIic pressuÍe

permafrost

tce core

advancing permafrost

as Water fÍeezes and expands, the frozen |ake
breaks up and slides away as the ground heaves

ice core expands
upwards due to increase

n]* in hydrostatic pressure9í.'

unfrozen water

talik under lake

permafroÍ

advancing
permafrost

advancing "
permafrost talik

hollow on site of ruptured pingo
c a ruptured pingo
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rocks prone to frost action. Freeze-thaw may also
turn well-jointed rocks, such as granite, into tors
(page 2O2). One school of thought on tor forma-
tion suggests that these landforms result from frost
shattering, with the weathered debris later having
been removed by solifluction. If this is the case,
tors are therefore a relict (fossil) of periglacial times.

5n*w
Snow is the agent of several processes which
collectively are known as nivation (page 111).
These nivation processes, sometimes referred
to as 'snowpatch erosion', are believed to be
responsible for enlarging hollows on hillsides.
Nivation hollows are still actively forming in
places like Iceland, but are relict features in
southern England (as on the scarp slope of the
South Downs behind Eastbourne).

&r?cltw*ter
During periods of thaw, the uppel zone (active
layer) melts, becomes saturated and, if on a

slope, begins to move downhill under gravity by
the process of solifluction (page 47). Solifluction
leads to the infilling of valleys and hollows by
sands and clays to form solifluction sheets
(Figures 5.12 and 5.13a) or, if the source of
the flow was a nivation hollow, a rock stream
(Figure 5.21). Solifluction deposits, whether they
have in-filled valleys or have flowed over cliffs,
as in southern England, are also known as head
or, in chalky areas, coombe (Figure 5.13b).

The chalklands of southern England are
characterised by numerous dry valleys (Figure
8.11). The most favoured of several hypotheses
put forward to explain their origin suggests that
the valleys were carved out under periglacial
conditions. Any water in the porous chalk at this
time would have frozen, to produce permafrost,
leaving the surface impermeable. Later, meltwater
rivers would have flowed over this Írozen ground
to form V-shaped valleys (page 200).

Rivers in periglacial areas have a different
regime from those flowing in warmer climates.
Many may stop flowing altogether during the
long and very cold winter (Figure 5. 1 4) and have
a peak discharge in late spring or early summer
when melting is at its maximum (Places 18).
With their high velocity, these rivers are capable
of transporting large amounts of material when
at their peak flow Later in the year, when
river levels fall rapidly, much of this material
will be deposited, leaving a braided channel
(Figures 3.32 and 5.16).

f iOule 5,'13

FormatÍon of soIifluction

sheet and head

b headexposed in a cliff in south-west England

ltgu,re5,12

5o]ifluction sheď in

the 0gilvie l\4ountains,

Yukon, (anada

a sheet at the foot of a chalk
escarpment in south-east England

\ former position
t of chalk scarp
\

solifluction sheet:
cemented chalk and clay
forming coombe depositschalk

(frozen during
ice age)

material deposited on top of
beach deposits by solifluction
during the ice age

marine sands and shells
of interglacial beach
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Figure 5,14

Model of a river regime

in a perigIacÍal area

řio.u15.r5

Contrasting regimes

of rivers flowing over

c0nilnu0us an0

discontinuous

permafrost

150
as temperatures rise,
snowmelt leads to increasing
discharge; this may cause
'rejuvenationi perhaps
forming river terraces in the
old floodplain (page 82)

usually no discharge in
winter because water is held
in storage as ice and snow

Permafrost also affects the hydrological regimes
of subarctic rivers. Figure 5.'l5 shows the regime of
two Alaskan rivers, both of which flow in first order
drainage basins (page 65). One river, however, is
located in northern Alaska where over 50 per cent of
the basin is underÍain with continuous permafrost.
The other river, in contrast, is located further south
where most of the basin consists of discontinuous
permafrost and only 3 per cent is continuous
permafrost. The northern river, flowing over more
impermeable ground (more permafrost giving
increased su rface runoff and reduced throuqhflow)

I May

Wixrd
A lack of vegetation and a plentiful supply of
Íine, loose material (i'e. silt) found in glaciai
environments enabled StÍong, cold, out-blo\^/ing
winds to pick up large amounts of dust and
to redeposit it as loess in areas far beyond its
souÍce. Loess covers large areas in the Mississippr
-Missouri valley in the USA. It also occurs
across France (where it is called limon) and
the North European Plain and into north-west
China (where in places it exceeds 300 m in

responds much more readily to changes in both
temperature (increased snowmelt or freezing) and

rainfall (amounts and seasonal distribution). lt has a

more extreme regime showing that it is more likelyto

flood in summer and to have a higher peak discharge

and then to dry up soonel and for a longer period, in

winter or during dry spells. Figure 5.1 6 was taken on l
August'l 996 in the Dynali National park.The riverlewl

had already fallen (as had the first snow of winter!),

and the large load carried bythe early summer
meltwaters had already been deposited.

tigure5,l6

Á river in the Dynali NationaI Park

depth and forms the yellow soils of the Huang
He valley - Case Study 10). In all areas, it gives

an agriculturally productive, fine-textured,
deep, well-drained and easily \^/orked soil whiď
is, however, susceptible to further erosion by
v/ater and wind if not carefully managed (Figure

10.35). Large tracts of central Europe, other
those consisting of loess, are covered in dunes
(coversands) which were formed by wind depo

sition during periglacial times.
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as winter approaches
and temperatures fall,
there is less snowmelt
and the river level falls

efficiency of river is reduced:
braiding often occurs annually
as discharge falls and the load
becomes too great for
transportation (FÍ9ure 5.1 6)

rivei regimes
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continuous permafrost

discontinuous permafrost
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ln 2008, Dr Mike Bentley claimed in

Geography Review that one of the most
rOo' oat' Ye I lea,t p .bI cised, eíe. ts o[
g obal warming is the me ting of the per

mafrost (Figure 5.19). Measurements taken

a onq a north-south transect adjacent to the
Alaskan pipeline suggest that the depth of
the active ayer is increasing and the depth
of Lte pe nalo,L .ab e is gelt rq towe'
(Flgure 5.3).

Causes
o G obalwarming is causing

temperatures to rise more quick y in

arctic areas, where the permafrost is

located, than in more temperate
regrons. As the air temperature rises,

the frozen ground beneath lt warms up.

r no.-Áe.r Can"da, wie'e tlere has

bepT "n nC'ease iT teroerotu'e Ol ,LS
over 1 "C since I 990, the rate ofthaw
has trebled. However, although global
warmrng is the main and obvious cause
for the melting of the permafrost, there
are otner contnllutory reasons.

r The removal of mosses and other
tundra vegetation (page 333) for
construction purposes means that in
summer more heat penetrates the soil,

increasing the depth ofthaw.
o The construction ofcentrally beated

buildings warms the ground beneath
them, whi|e the laying oí pipes in the
active zone, for heating oi1, sewerage
and water, increases the rate ofthaw
(Figure 5.17).

o Heat produced by drilling for oil and

natural gas in both Alaska and Russia

melts the surrounding permafrost.

Effects
r There is a reduction in the polar extent

of the permafrost in arctic areas and an

increase in the frequency of landslips
dlo ( ooe'a lL'e ir nole tempprd-e,

mountarnous regions.
. There ls evidence that the tree line

(page 33-1) is beginning to extend
further northwards and that the ength
of the growing season has increased by

three days in Canada and Alaska and by
one day in Russia.

There is an increase in the extent of
thermokarst, which is a landscape

that develops where masses of ground

ice melts. As the depth of the active

layer increases, parts ofthe land surface

su bside. Thermokarst is, therefore,

the general name given to irregular,

hummocky terrain with marshy or lake

[illed ho' ow) creareo by Ine d;sruptior o'
the ll-ernaleq* ib'iurr oIthc per.nar'o.
(rigures (.lB ard Il'lJ)' l. < deve opŤe.l
aIso increases the risk oí |ocal flooding'

Houses and other buildings tilt as their
foundations subsrde and sink into the
ground (Figure 5 20).

Earth movements can alter the position
oftl'e srpoo ts for o I pipelrnes,

threatening to fracture the pipes. Roads

and railways can lose alignment, and

dams and bridges may develop cracks.

A new railway across the permafrost
that makes up much of theTibetan
P ateau has had to be bui t on crushed
rock as this reduces temperatures and

consequently the rate ofthaw.

tiSle5,17

Attempts to reduce

problems created by

the development of
periglacial areas

The'igloo'
cnurcn,

lnuvik

Pub|Íc bui|dings, such as churches and haIls,
built on concrete 30 cm thick, laid on a pad of
grave| 2cm thickto prevent úpset in therma|
equi ibrium. Schools close when temperature
drops to -40'C.

roads and airstrips built on gravel pads:

drained so that ice cannot develop and
frost levels will not alter

car in garage (night) or parked on
street, plugged into electricity supply
to stop battery running down and
petrol and oil from freezlng

steep roofto allow
snow to slide off

arr can
under house,
does not pile up
during a

wooden

problems of
blizzards, icing
and gales

fresh water

steam

oil pipeline built above
ground level and insulated

fresh water

oil storage tank built on stilts
as oll has to be kept heated to
prevent it freezing

,UtiIidoť: steeI frame with
aluminium panels heated
by steam to prevent
freezing and protected
with fibrous insulation
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The melting permafrost

o Of allthe effects resulting from
the melting of the permafrost, it is

the release of organic matter from
permafrost soils as they thaw that is

causing scientists the most concern
(Figure 5.19) This organic rnarter
contains large amounts of carbon in

storage. As temperatures rise due to
global warming, this carbon is released
as one oftwo greenbouse gases

either CO. in drier areas or methane in

wetter places (Figure 9.78) The release
of these gases will increase the speed
of globalwarming which in turn wil
accelerate the rate of melting in the
permafrost, creattng a vicrous cyc e.

Conclusion
Latest estimates suggest that the depth of
the active layer could rncrease by 20 to 30
per cent by 2050, a nd thar between 60 per
cent (the most conservative figure) and 90
per cent (the worst-case scenario) ofthe
permafrost cou d disappear by 2100. As Dr
Bentley suggests:'Permafrost may seem like
a reTnote irrelevance to us in the temperate
mid latitudes, but it has the potential to
affect every one of us through its impact on
greenhouse gas emissionsl

Figure 5.20

Buildings in Yukon, (anada, whose

footings have sunk into the permafrost

Norrnally, the soils oť permafrost afeas are

crammed with r,rndegraded. well-pleserved
organic matter in the form of leaves, roots.
twigs and so on. This is an errormous store of

carbon. kept inert by being frozen in the
ground. But if that ground begins to melt and

the organic material can start rotting, it will
release its carbon as carbon dioxide or
methane. both greenhouse gases.

In other words, the newly thawed soils may

release vast amounts of greenhouse gases into

the atmosphele, which will of cor-rrse give a

Íurther ,kick' to global warming. This wi]l
melt more permafrost and so on, in a
worsenin-E positive feedback cycle. This
process is an example of biogeochemical
feedback which could inÍluence global climate

change. The zrlarming thing aboLrt it is the

.lmount of carbon contained in the Arctic. and

the speed at which warming is occurring. The

combined eÍTect could be catzrstrophic.
To illustlate this, consider that the Arctic is

estimated to contain aboLrt 900 gigatonnes (Gil

oť carbon. Humans emit about 9 Gt of carbon

l-rom |.ossiI lileIs lntl de|or.estutiort ever) )ťJ|'
So it would only take the release of l% of
carbon in Arctic pelmafrost soils to effectjvelt
double or,rr emissions of greenhouse gases.

/1ý[| PeriglaciaI processes and Iandforms:
- nurw.bgrg.org/pages/educationlalevel/

in coldenvirons/Lessono/cr2O19.htm

wil'\ /.fettes.com/Cairngorms/periglaclal
htm

Fioule s,18

Thermoka rst

scenery

11011es,19
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1 Study Figure 5.1 (page I30), which shows where there is
permafrost in the northern hemisphere, and Figure 5.2
(page 131).

a i Where is the place closest to the North Pole where
there is no permafrost?

ii How close to the North Pole is this place? (2 marks)
b i From Figure 5.1 suggest two reasons why there is

no permafrost in some places while there is in
other places. Give examples from the map to
support your answer. (6 marks)

iii ldentifythe cause/s of the'pocket'of permafrost
in north-west Scandinavia. (2 marks)

C

d

What is the'active layer'in permafrost like? (3 marks)
i What is meant by the term'mean annual

tem peratu re'? (3 marks)

ii How deep is a the active layer and b the permafrost
at Resolute Bay? (2 marks)

iii Use data from Figure 5.2 to suggest the relationship
between depth of permafrost and latitude. (2 marks)

I:: x x iŤ : 1 i1--'Š * :: : 15 r 
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3 a Describe the shape and scale of two of the following c
periglacial landforms: ice wedge polygons; scree;
nivation hollow; solifluction terracettes. (6 marks)

b For one of the landforms you have described in a, explain d
how periglacial processes have led to its formation . (6 marks)

É @ $ e s s e 9 * e * s & € é * e Ť E 4 * * 6 & 4 q 9 ** s s *s é aě a ě &s4é&

e Why does the permafrost not occur throughout the
crustal rocks? (5 marks)

2 Study Figure 5.14 (page 136) which shows the flow of
a river (its regime) in a periglacialarea.

a i When does water not flow in this river? (2 marks)

ii Why does water not flow during this time? (3 marks)

iii How would you recognise'river terraces in the
old floodplain'cut bv such a river? (5 marks)

b Using diagrams in your answel explain the meaning
of the term'braiding'as used in the diagram. (5 marks)

c Give two reasons why the wind has a greater erosional
effect in periglacial environments than in most other
a reas. (5 marks)

How could you recognise that the wind had:

i removed material from one area and

ii deposited the materíale|sewhere? (5 marks)

6 @ & s& ě * s s e e * & B é € * 6 ó + s á 6 ó é * * é s 4 6 & * *6*e

Figure 5.10 (page 134) shows a pingo in northern Canada.
Write a description of the pingo from the photograph,
including the area around it and its scale.

How is a pingo formed?

(6 marks)

(7 marks)
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0 horizontal scale 50Om4 Study Figure 5.21 which shows a range
of periglacial landforms and their
locations.

a Choose one of the landforms
labelled B to H. Describe its size and
location in the field and suggest
how it has been formed. (B marks)

b Explain the processes that are
operating in the snow patch (A).

(5 marks)

nivation hollow wjth snow patch
stone polygons, garlands
and stripes
solifl uction sheets/benches
blockfield
rocK stream
debris fan

A
B

c
D
E

F

G braided stream
H ice wedge polygons
K pingo
L tor
M talus (scree)

N cliffs with head

uppeÍ |imit
permafrost

Explain the role of iwind and ii
meltwater in the formation of
landforms in areas of periglacial
landscape. (12 marks)

Exam pre€*&€e; *ssey$
6 g * ř & & * 6 9 & && a * * 6 ó & 9ě ó

5 'Changes to soil stability due to frost are a major problem for
development in regions where there is a periglacial climate.'

Using examples you have studied, explain why this could be
the case, and describe methods people use to overcome the

fie::e s:21

Landsketch showing

typical landforms found in

a periglacial area
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6 'Permafrost may seem like a remote irrelevance to us in the
temperate mid-latitudes, but its destruction could have big
implications both locally and globallyl

Discuss this statement. (25 marks)

o

problems of living in such areas. (25 marks)
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