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A little I can read'

;
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1.1 Permafrost geomorphology

Pefmafrost is defined as a ground temperature
cqndition in which earth materials remain below 0°C for
two or more years (Muller, 1947, pP. 3). Permafrost geomor-
phology thus comprises the study of landfo;ms and processes
related to the existence of perennially frozen ground.
Barly studies in tgis field conéisted primarily of paieo—
geographic reconstructions within areas of Eufbpe'wpich
were peripheral to the zone of Pleistocene glaciation.
Geomorphological phenomena associated with this environment
were first described as 'periglacial' by W. Lozinski in
1909 (Dpylikowa, 1962; Jahn, 1954). However, subsequent
..usage of this term quickly expanded to include all processes
and landforms belieﬁed to be asscociated with cold, non-
glacial climates. ‘The apparent relationship between cold
climate conditions ahd certain geomorphological processes
was emphasized by many workers (e.g. Biidel, 1953; Troll,
1944}, and is implicit in Peltier's (1950) definition
of a 'periglacial morphégenetic zone'. Mcreover, the
widespread application of this concept focused research
upon unjiquely periglacial phendmeﬁa, such as pafterned
ground and freezé—thaw processes, and discouraged analysis

of the arctic landscape.as an integrated system.
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In recent years, the relatively narrow approaqh
to arctic terrain science imposed by this framework of
" climatic geomorphology has been replaced by one stressing
the importance of frozen ground phenomena. 1In addition,
the necessity of undertaking long-term process studies
has been fecognized. It is now generally accepted that,
on the macro-scale, arctic landscapes primarily reflect
the aétion of azonal processes, particularly fluvial erosion
and deposition, and mass wasting. On a more local sﬁale,
tﬁe importance of permafrost as an initiator of landforms,
particulaﬁiy in areas underlain by ice-rich uncénsolidated
sediments, isiwell established (e.g. Brown, 1974; Mackay,
1963a; Rampton, 1974).

Some_researchers havé‘equated the periglacial
domaine with the extent of pérmafrost {e.g. Péwé, 1969,
p. 4), however the relationship is complex since not all
periglacial processes and phenomena are restricted to
the permafrost zone (e.g. Embleton aﬂé}King, 1975, p.
3; French, 1976a, pp. 2-4; Karte, 1981, p. 46; Tricart,
1970, p. 58). The term 'periglacial' is thus both anéchro-
nistic and imprecise when applied to many geomorphological
studies in high latitudes. For this reason, it has been
suggested that 'permafrost geomorphology' (French, 1979)
or 'geocryolégy' (Washburn, 1979) more appropriately des-
cribe modern arctic terrain investigations.

In the Soviet Union, geocryology, referring to

a rather broader general permafrost science, is a



"Qeil-estéblished discipline (e.qg. Kudryavstev, -1978;
Tsytovich, 1975). This reflects in'part éhe long history

of settlement and scientific reseérch in northern regions

of the U.S.S.R. Studies concentrating entirely upon th;
characteristics_of permafrost terrain and associated cold
climate processes are common (e.g. Grigor'yev, 1976;
Kudryavstev et al., 1977; Romanovskii, 1977; Vtﬁuﬂin,

1975; Vtyurina, 1954; Vyalov et al;, 1973; Zhestkova et al,
1569), _The rapid development of this branch 9f earth
sciences in Nortﬁ America and the U.S.S.R. is best illus-
traﬁed by the proceedings volumes of the Second and Thi}d
International Conferences on Permafrost (National Academy

of Sciences, 1973; 1978; National Research Council of
Canada, 1978; 1979). Permafrost research has also commenced
in the Peoples Republigfof China, which contains the greatest

extent of permafrost within its territory after Canada

and the U.S.S.R. (Academia Sinica, 1980).

1.2 Permafrost and grourd ice terminology

Permafrost is defined by its temperature, rather
than by the amount or phase status of its moisture. Thus,
if the freezing point'of groundwater is depressed‘below
0°C, permafrost soils may contain significant quantities
of unfrozen moisture (e.g. Williams, 1967). It is necessary,
therefore, to define permafrost terms unambiguously (Brown
and Kupsch, 1974). Following Van Everdingen (1976), the

term 'froZen' is used in the present study to imply cryotic -
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(i.e. subzero degrees Celsius) temperature conditions.
The term 'talik' is used in the sense pf a thermal (non-
"eryotic) talik, within which ground temperatures remain

perennially above 0°C,. !

Most moisture within permafrost exists in the
form of ground ice, as coatings on seaiment particles,
within pore spaces, .as veins and lenses, or as massive
bodies of segregated ice (Gell, 1976; Mackay, 1972a).
Permafrost may contéin excess ice (i.e. a water equivalent
ice volume greater tﬂan aﬁéilablg pore volume in the

thawed sediment)., If this material is unconsolidated,:”

it may be classified as }thaw;sensitive‘ {Van Everdingen,

1979), since permafrost degradation would result in surface

subsidence and the development of thermokarst terrain
(e.g. Czudek and Demek, 1970; Kachurin, 1962).

The distribution of permafrost in the northern
'hemisphefe is illustrated in Figure'l;i (Péwe, 1981).
Withiq the continuous zone, pefmafrost i; ubiquitous, -
exceét beneath deep water bodies and in areas of recent
sedimeptation, and may extend to deéths of 500;1,000 m
(Bara;ov, 1964, pp. 15-19; Broﬁn, 1972; Grave, 1968).
Permafraét may also exist beneath arctie oceans, either
in equilibrium with negative sea bottom temperatures or in
relation to formef surface conditions (Lewellen, 1973;
Mackay, 1972b). Since permafrost underlies nearly 50%
of Canada and 80% of Alaska (Brown, 1978; Ferrians, 1965),

problems associated with frozen ground are a major factor



EXPLANATION

u Zone of sub-sas
parmalrost

B2 Zone of continuous
BEC0 permafrost

Zona of
discontinuous
permafroat

|

" Figure 1,1

Permafrost distribution in the Northern Hemisphere

(after Péwé, 1981).
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influencing northern development (see e.g. Brown, 1970;
ferrians et al., 1969; Muller, 1947). Interest in the

ermafrost region of‘Arctic-Canada has increased considefably
;E;fggé\last thirty years, stimulated to ggéreat extent g
by tﬁe search for hydrocarbon reserves. Detailed studies |

of permafrost‘terrain form a necessary p:erequisite both
Wﬁo.its efficient utilization and protection from irreversible
damage (see e.q. éf&ﬁq and Grave, 1979; French, 1978;

1980; French and Smith, 1980; Lawson et al., 1978).

1.3 Research aims and strategies

'~ The present study investigates the relationship
between permafrost condiéions; geomorphic processes and ‘
landscape evolution within one area of the Western Canadian.
Arctié. It thus falls directly within the field of perma-
frost geomorphology. The area choseﬁ for study lies within
a 50 km radius of Sachs Harbour (71°539'N, 125°17'W), .
located at the southwest extremity of Banks Island on

the coast of Thesiger Bay (Figure 1.2). ' Reconnaissance

< .

- fieldwork suggested that permafrost has a direct influence f

on three aspects of meso-scale iéhdform on southwest Banks
‘Island.

Firsf, ground ice aggradation in unconsolidated

- sediments of Quaternary age gives rise to a number of

surface features, the most notable of which are pingos .
and ice-wgﬁge polygons.- Sections excavated through pingos

and exposed in coastal cliffs enable the stratigraphic

N -
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analysis of ground ice bodies, as they relate to terrain

v

cha;acﬁeristics. Second, the melt-out of ice within pgrma
froét has led to the formation of numerous thermékarst

lakes and tundra ponds. Third, coastal evolution hasl

been strongly influenced by thermal ‘and me;hanical erpsioﬁ

of ice-cemented sediments. This Kas fesultedlin rapid

cliff retreat and, in some areas, the truncation and drainage

of thaw lakes. A number of rapidly changing constructional

shoreline features further testify to the dyhamic nature

- of the coastal system. These observations suggested that

a significant contr%bution to knowledge wouih result from

an understanding of the relationships between contemporary
permafrost condiéions and”terrain characteristics. Further-
more, thé study of landscape evolution, in relation to |
episodes of permafrost aggradation and degradation, is
central to the geomorphology of ice-rich permafrost terrain.

Within this context, three specific aims are identified:

(1) To investigate the evolution of permafrost
and ground ice stratigraphy, within a frame-
work of Quaternary paleocenvironmental recon-

-structdon.

-

(2) To explain the origin of thaw lake terrain,
with particular emphasis upon the subsequent
development of an equilibrium basin morpho-

logy.
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(3) To study the nature and rate of coastal .

change in ice-rich permafrost terrain.

“Consideration of these themes suggested the utiliza-
tion of four distinct.but complimentary research strategies:
stratigraphy, morphometry, thermal modelling and procesg
observation. The nature of «the perméfrost~ground ice
system is closely related to both the thermal"and deposi-
tional histories of enclosing earth materi;ls. For this-
réason, stratigraphic analysis is éssential to any invésti-
gation of permafrost geomofphology. The study of thaw
lake terrain represents a spatial problem and is thus
most reqdily apéfbached by morphometrie analysis. ﬁowever;
thaw lake development is intimately related to distprbancé'f
oﬁ»the_‘subéﬁrface temperature field. 1In this study,
the geothermal effect of thaw lakes is,simulated by computer
model;T:based'on heat conduction theory. The coastal
zone’in ice-rich permafrost terrain‘is Eﬁéraﬁterized by
rapid change.' It is thus possible to identify the character

of short-term shoreline evolution by direct observation,

supplemented by the analysis of sequential air photo coverage.

1.4 Fieldwork and logistics

The study area was selected for several reasons.
First, Banks Island has beén the focus of systematic geo-
morphic and Quaternary research during the last decade

by H. M. French and associatesj(Egginton, 1976; French,
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1970a, b; 1971a, b; 1973; 1974a, b; 1975a, b; 1976b; French
and Dutkiewicz, 1976; French and Egginton, 1973; French’
and Lewkowicz, 1981[i3ewkowicz, 197§?l1981; Lewkowicz
and Frencn, 1982a, b; Lewkowicz et alr, 1978; Pissart
.and French 1976), and by officers of the Geologlcal Survey
of Canada (Plssart et al., 1977; Vincent, 1978a,. b; 1979;
- 1980). Thus a broad framework exists, within which a
'more 1ocalized study of permafrost geomorphology may be
undertaken. -

Second, Sachs Harbour provides a good base for
such investigations; since it is accessible by reqular
air service from the mainland. This increases the flexi-

-

bility of fieldwork scheduling and reduces logistical

costs. Third, the coastal lowlands of soufhwest Banks

Island contain excéllent examples of ground ice landforms,
- - ./"
. thaw lake terrain and a dynamic coastal system. These

features have not previously been examined in detail and
. "
together they offer a unique opportunity to study the
relationslip between permafrost, geomorphic processes
'and landforms. Fourth, a number of sources contrlbute .
to a high level of base-line data ava;dablllty. These
1nclude a Department of Transport Upper Air station providing
climatic records dating from November- 1955, sequential
panchromatic air photo coverage at intervals from 1950
onwards, and 1:50,000 scale National Topographic'SerieS-

photomaps. Finally, the Inuit inhabitants of Sachs Harbour

provide useful local information. - Their intimate knowledge

¥



of terrain conditiﬁns,'gained by first-hand experience
and at all times of the year, forms a reservoir of data
pértaising to local geoﬁorphic phenomena.

k Fieldwork on Banks Island was carried out during
the periods June 15-August 22, 1979, July 1l4-September _
04, 1980 and August 18-23, 1981. The Polar Continental .
Shelf Project facility at Sachs Harbour was used as‘a
base. Access to thaw lake localities in the Kellett River
valiey and Sachs River lowlands, and to coastal per@af;ost

{ -

exposures southeast and-west'of Sachg Harbour,/yés by
Honda ATC-90 vehicle and by Inuit boat rentglyf Betweep
July 10 and July 26, 1979, a camp was established near
Carpentef Lake, approximééély 30 km southeast of Sachs
HarBour, to investigate a collapsed pingo and other ice-
ablation features, On August 06, 1980, several sites

near Fish lake,. in the upper Kellett River valley, and

at ‘Blue Fox Harbour, were visited by helicopter.

[}

Comparative studi of permafrost and terrain

conditions in the Tuktoyak£ -Mackenzie Delta area were
carried out between June 06 #nd June 14, 1979. Visits

lwere made to a number of sites on Richards Island, includiﬂg
'I1lisarvik and the Ya Ya borro; pité. * Ground ice sections
were examined at Peninsﬁlar Point and on the northwest

coast of Pelly Island.. A two4ﬁeek reconnaissance program

in the central and.high'Arctic Islands*in August 1978,

together with visits to Ellef Ringnes and Victoria Islands

in the summer and fall of 1981, have also proved invaluable



in'élacing the present study within a broader arctic

perspective.-
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CHAPTER TWO

'SOUTHWEST BANKS ISLAND
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2.%’ Introduction

4

Banks Island lies in the Weste?n Canadian Arctic
between latifuées 71°N and;75°N, and its coastline flanks
the western approaches to’;he Northwest Passage. With
an area Sf 60,165 km?, it forms the fifth largest island
ihZCanadé. Archaeologiéal eyihence indicates the presence
of\Inuig hunting parties at least§:600years ago (Arnold,
1980; yﬁller-Beck, 1977). 1In more recent times, the island
was s;ghted by Lieutenant Beechey on Parry's'1820 expedition
and named 'Banks Langd', but was not visited by Europeans
until 1850. At present, the only permanent settlement
is:Sachs Harbour (1982 population circa 150). This Inuit
tréppiné community originated as a summer hunting camp,
and’ year-round occupation dates only from the 1940s (Usher,
i971).
| Early‘observations::fgeology and geomorphology
were made by Washburn (1947) and also by Manning (1953;
1956), following a circumnavigation of the island by canoce.
The first systematic survey was carried out by the Geolo?ical
Survey of Canada, in 1959 (Thorsteinsson and Tozer, 1962).
During the early 1970's, seisfiic surveys were undertaken
by a number®of oil cémpaniés and gxpioration_drilling

commenced in 1971. To date, eleven wildcat Qells have

bé;ﬁndrilled. Hydrocarbons have not been found in commercial

15
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quantities and all wells are currently abandoned. - However,
oil and gas exploration activities continue, highlighting

the need for detailed terrain investigations in this area.

2.2 Climatic conditions

‘The onl} long-term climatic data available for
southern Banks Island are from the Department of Transgprt
Upper Air station at Sachs Harbour, where records have
been kgpt since November 1955. These data are invaluable
to the present study. The station is located on a ridge
north'pf the settlement at an elevation of 94 m a.s.l.
and tﬁus wind data are unbiased by lacal topographic effects.
Comparison of station records in July-~August, 1979, with
data collected by an M.R.I. automatic weather station,
located ‘on Sachs Harbo#r spit, supports a hypothesis that
D.0.T. wind data are representative of the area.

Southern Banks Island experiences a cold, arid
climate, dominated by the influence of maritime arctic
and continental arctic air masses (Burns, 1973; Maxwell,
1980, p. 25; Figure 2.1). The mean annual air temperature
is -14.1°C. Mean monthly temp;fatures fall below -30°C
in winter and range from 2°C to 6°C during the summer
thaw period, which extends from early-June to early-September.
Mean annual precipitation totals only 11.4 cm, of whiph
approximately 50% falls as snow. Although snow deptﬁé |
rarely exceed 30 cm on level surfaces, deep snowbanks

)
i

deveiop in lee-slope positions.
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Annual wind data for the period 1955-1977 indicate
that prevailing winds are from the southeast, with north
and northweSt.winds forming an opposed sub-prevalent com-
ponent.. Wind speed also exhibits dittle seasonal variation;
for example; in all seasons there is approximately 10%
probability of hourly wind speed exceeding 30 km/h fTable 2.1).
The maximum hourly—wind speed recorded at Sachs 3arbour,
is 97 km/h and frequency analysis suggests that maximum
wind speeds in excess of 90 km/h have a return period
of abogt 10 years (Figure 2.2), ' . ; -
Of particular interest to the understanding of
thaw lake evolution and coastal dynamics is the Qind regime
during the period of open water,-at.which time littoral
currents and wave action are effective. At Sachs Harbour,
-open water conditions usually exist from July to September
{(see p. 42). Directignal wind data recorded during this
period in 1971-77 display a bimodal fregquency distribution,
with 33.9% and 31.8% originating in opposed WNW-N and
ESE-~S8 quadrants respectively (Table 2.2a). It is necessary
also to consider the frequency and direction of high-
magnitude storm winds. St;rm events areddefined, followiﬁg
McCann (1972),Las periods during which, }a) hourly wind
speed is 20 knots (37 km/h) for at least three consecutive
hours, {5) hourly wind does not fall below 20 knots {37 km/h)
for more than two conéecutivé houré and, (c) Qind direction
does ﬁot vary by more than 90°. The threshold condition

of a 20 knot (37 km/h) wind with a duration of three hours
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#

Becurrence interval of annual maximum hourly wind speed,

Sachs Harbour 1955-1972. (Data abstracted from Maxwell,
1980).
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is sufficient to generate 1.0 m waves in a fetch-limited
deepwater envi;oﬁment and 10-15 cm waves in a shallow,
1acus£rine-environment (United States Army C.E.R.C., 1973,
pp. 3.36, 3.47). | B
'uWind directions during‘sumﬁér storm e?énts also
have a strongly bimodal freguency distribution, with 46.4%
and 35.0% originating in the WNW-N and ESE-S guadrants
Eespectively (Table 2.2b}. On average, storm conditions
prgvail for 10-15% of the open watef season. Storm occurrence
.is highest in;September and least in July. While geomoréhic
processes operating on thaw lakés'a:e affected by winds
from all directions, the‘coastal environmeﬁt is affected
primarilz_by the action of onshore winds, from the SE-W
' sector. Onshore storm winds account for 40% of the total
and prevail during approximately 5% of the open water
season in Thesiger Bay. .
The majority of summer storm events last iess
than 12 hours ané'haQe maximum wind speeds of less than
45 km/h. However, although storm’events of long duration
account for less than 10% of the tétal, they are likely
to be significant geomorphically as a;result of their
_ ability to generate large storm waves.. The annual maximum
summer storm for each year from 19?1 to 1980 was i@gntified
on the basis of duration and kilometres bf wind run, the
latter providing an indication Ef storm ﬁagnitude (McCann,
1972). These data were used to generate a storm frequency

~curve (Figure 2.3) from which the recurréﬁpe intervals,
. ) : ;

-~
\\ ~
; .
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Figure 2.3

Recurrence interval of annual maximum onshore storm event
during open water conditions in Thesiger Bay, 1971-1980.
The magnitude of a storm observed in August 1980 is shown
in relation to that of the maximum storm during the ten
year period of record. (Wind data from Station Records,

‘D.0.T. Sachs Harbour).
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and thus geomorphic significance, of storm events observed

N

between 1979-81 were determined.

2.3 The terrestrial environment

2.3.1 'Pre-Quaternary geology

Southwest Banks Island is underlain by poorly
consolidated marine and fluvial sediments of Mesozoic ;nd
Tertiary age (Miall, 1979). However, an exteﬁsive cover
of Quaternary surficial sediments limits their surface
~outcrop (Figure 2.4). 'Five major 1ithostratigraphic units
are recognized; in order from oldeet to youngest, these
are the Isachsen, Christopher, Kanguk, Eureka Sound and
Beaufort Formations. The Beaufort Formation has an uncon-
formable contact with earlier units and Overlies progres-
sively older strata from north to south. For example,
north of the Kellett River, Beaufort sedlments are underlain
by sands of the Eureka Sound Form%tlon, while at Duck
Hawk Bluff, 8 km west of "'Sachs Harbour, Beaufort Formation
sands lie directly upon Silty sha%e of the Kénguk Formation
(Vincent, 1980, pp. 139-40), Topographlc sectlons 1llus—
trating inferred 'stratigraphic relatlonships w1th1n the
study area are presented in Figure 2.5,

2.3.2 Quaternary geology
and geomorphic history
Although Banks Island lies ‘within the zone affected

by Pleistocene fluctuations of the Laurentide ice sheet,

large areas remained unglaciated during the Wisconsin -
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or last major glacial period. Early studies recognized

a major ice limit, ma¥ked Sy glacial lakes and moraine
systems, extending from Parker Point in the north to Thesiger
Bay in the southwest.(Hobbs, 1945; Jenness, 1952). Thus,

the island was dvided into a western, unglaciated zone

and an eastern zone affected by continental, probably

Wisconsin age, glaciation (e.g. Wilson et al., 1958).

by earlier glacfations (Craig and Fyles, 1960; Fyles,
1962). These were interpreted as pre-Wisconsin in age,
while the morainal limit was attributed to the 'classical
Wisconsin' ice advance (e.g. Prest et al., 1968).

More recently, Vincent (1978a, b; 1979; }980)
has suggested that at least three glacial episod;s, each
associated with marine, glaciolacustrine and glaciofluvial
phases, may be recognizZed on Banks Island. The Banks
Glaciation is the oldest and most extensive, and covered
all but the northwestern part of the island. There is
little evidence of this glaciation within the study area,
although the associated Bernard Till is exposed at Duck
Hawk Bluff (Vincent, 1980, pp. 139-40). During 4£he subse-
quent Thomsen Glaciation, whigh overrode only southern
and eastern Banks Island, large areas in the west were

isostatically depressed by as much as 60 m., and may have

been submerged by the Big Sea. Radiocarbon dating of
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peat overlying marine sediments on southeastern  Banks
Island suggests a minimum age of 61,006 years B.P. for
this event (Vincent, 1980, p. 186). | |
The Aﬁundsen Glaciation impinged upon Banks Island
in the form of two lobes, one flowing northwards alorg
Prince of Wales Strait and one northwestwards into Thesiger
Bay, reaching a limit marked by the Sachs Harﬁour ridge.
The Sachs Till; deposited by this ice, has a pinkish sand-
silt matrix and contains mainland erratics. Southeast
of Sachs Harbour, én area of 'fresh' morainic‘ﬁopography
extends parallel to-Thesiger Bay. This parks the limit
of the Sand Hills Readvance, following retreat of the
Thesiger lobe from its maximum position. ©On the basis
of radiocarbon and amino-acid shell dating, Vincent (1980,
pp. 208-9) attributes the Amundsen Glaciation to early
or mid-Wisconsin time, with an age of g}eater than 41,000
years B.P. This implies 'that Banks Island was not affected
by late-Wisconsin glaciation and suggests that the island’
may have been ice-free far 20,000 to 30,000 years.
During periods in which the glacial icé margin
lay ﬁo the east of £he study area, considerable volumes
of sediment were discharged into proglacial rivers and
carried westwards to be deposited as sandur plains. Both
the proto-Sachs and proto-Kellett River vallefs formed

major spillways, erodeéd intc unlithified sediment by glacial

meltwater. As the Amundsen ice margin receded from the

[

e

Sachs Harbour ridge, outwash sediment was deposited in
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a shallow marine environment, possibly.correlative with
the Meek Point Sea on the west coast of the island {(Vincent, .
1980, p. 103). These sediments now ﬁgderlie the outwash
piain:of the Sachs.Riverllowlands.

Palynological gnalysis of late-Quaternary sediments
in the Mackenzie Dglta area (Maékay and Terasﬁae, 1963; Ritchie
and Hare, 1971) indicates a complex sequence of climatic
change which may also be applicable to southwest Banks
Island. The Pleistécene—Holocene transition is marked
by a climatic amelioration, which culminated between 8,500
B.P. and 4,000 B.P. in a bériod when mean temperatures
were appreciably higher.than at preéentl A subsequent
climatic deterioraéion, between 5,000 B.P. and 2,500 B.P.,
is.thought to have caused the refreezing of taliks beneath
some lakes and rive: channels on Banks Island, initiating
the growth of pinéos (French, 1975b; Pissart and French,
1976). The climate may also have become more arid in
late-Holocene times; it Has been suggested that eolian
activity increased in importance after about 4,000 B.P.

(Pissart et al., 1977).

2.3.3 ?ermafrost and terrain conditions
Soeuthwest Banks Island lies entirely within the
zone of continuous permafrost (Brown, 1972; 1978; Figure
1.1), although it is likely that taliks exist beneath
the larger lakes and principal river channels. Deep tempera-
ture measurements have been made at only one locality

on Banks Island, the Storkerson Bay A-15 wellsite, located
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approximately 110 km north of Sachs Hérbour {Taglor and
gudge, 1974, p. 47). These éhOW»permafrost thickness
to be at least 430 m at this site (Judge, 1973, p. 38)
and possib’g.y as great as 550-600 m.-

In summer, mean daily air temperature at Sachs
Harbour remains above-0°é for 91 days on average, between
June 09 and September 07, and a seasonally thawea layer,
the active layer, develops. Consideration of heat conduction
theory suggests that, és a first approximation, the maximum
depth of thaw, z (cm), is given by:

z = Yop/m . loge

AJ/T, [1]

where To and AO are the anAual surface temperature mean

and amplitude respectiveiy, @ is the soil thermal diffusi—

vity and P is the period of the temperature cycle (Gold

and Lachenbruch, 1973, Equation llb). Assﬁming values

of To = -10.8°C, Ao = 18°C, o = 0.01 cm’.s_l, P = ] year,

the predicted active layer thickness at Sachs Harbpur

is 160 cm. Actual thaw depths vary considerably with

site conditions but are generally less than one metre.

The disparity reflects the simplicity of this model, which

neglects the latent heat effects of water-ice phasé changes.
A more sophisticated simulation model has been

developed to predict active layer thermafcregimes (Pollard,

1980; sSmith, 1975; 1977). Equilibrium surface temperature

is derived by iterative soiutionQOf the surface energy
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balance equation and subsurface fhermal regime is calculated
on the basis of soil thermal properties. Thus, by varying
input'é;ta (see Appendix A), site-specific ground tempera-
ture conditions may be computed. The program was run
for surface conditions simulating (a) dry tundra undériain
by sand-and {b) wet meadow tundfa underlain by ddthiék
organic hofizon.

Predicted ground thermal regimes are illustrated
in Figure 2.6. Results suggest that on dry tundra surfaces,
ground temperature rises above 0°C in mid-June and a
maximum thaw depth of éb cm is attained by mid-August.
. In areas of wet meadow tundra, thaw penetration is retaided
until late-July, as a result of the loss in heat energy
associat%QHwith evaporation from the satu?atea surface
layer. Maximum active layer development is less than
30 c¢m, reflectiné the low thermal conductivity of unfrbzen
organic sediment. In both cases, freeze-back commences “
in early—Septémber. These predictions are in good agreement
with observed active layer conditions. In 1979 and 1980,
active layer thickness in mid-August varied from 20-30 cm in
wet meadow tundra terrain and from 50-80 cm in dry tundra
terrain. At weil-drained gravel'ridge sites, active‘layer
~thickness varied from 100-150 cm. The significantly greater
thaw depth reflects the high thermal capacity of surficial
materials. For example, near-surface temperatures as

high as 15°C have been recorded in similar terrain on

northern Banks Island (French, 1970a).
4 _
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Figure 2.6 Simulated active layer regimes, southwest Banks Island.

(a) Dry tundra. (b) Wet meadow tundra.
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In the vicinity of Sachs Harbour, terrain distur-
bance associated with construction activity and vehiqle
movement has resulted in enhanced seasonal thaw and the
development of man-induced ﬁhermokarst*(Dwyer, 1981,'pp.
85-113; Figure 2.7). buring the construction of the airstrip
between 1959 and 1962, a 1-2 m deep layer was bulldozed
from the adjacent tundfa surface for use as fill. These
borrow areas are now characterized by hummocky topography,
resulting from melt-out of the underlying ice-wedge network.
" Thermokarst was initiated within tﬁrée years of initial
disturbance and by late summer?‘19?3 had not completely
stabilized (French, 1975a). The development of large-?
scale gullies at the townsite may similarly be related
to terrain disturbance caused by off-road vehicles and
anwmobiles, the use of which commenced in 1970 (Ffench,
1975a). .

Three major physiographic“gnits may be recognized
in the vicinity of Sachs Harbour. To the north of the
settlement, the Sachs Harbour ridge fﬁrms an asymmetrical
upland area, separating the drainage basins of the Sachs
and Kellett Rivers. The east-wesf trenaing fidge has
an elevation of 90 m a.s.l. north of Sachs Hérbour, and
rises gradually eastwards to'over 250 m a.s.1. (Figqure
2.8a). The northern flank slopes at an angle of 2-5°¢
towards the Kellett River. The southern flank 1s&huch’
steeper, with an average slopé of 15-20°, and is also

c
morphologically mog complex. Superimposed upon the main



Figure 2.7 Man-induced thermokarst at Sachs Harbour.

(a)

(b) 7

" Thermokarst gully at Sachs Harbour townsite,

Thermokarst terrain developed by ice-wedge

‘degradation in borrow pits adjacent to the

airstrip. “:Note ice wedge polygons in left
foreground. August 06, 1980,

resulting from terrain disturbance by off-
road’vehicles. August 18, 1981,

(a)

(b)

34
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{(b)

Figure 2.8

Terrain conditions, southwest Banks Island.

(a) Sachs Harbour Ridge, 5 km west of Sachs -
Harbour. Note the bare gravel surface and
steep northern flank, rising from the

. coastal- lowlands. July 08, 1979.

(b) Kellett River valley, 6 km northeast of Sachs
Harbour. Note the unvegetated alluvial flood-
plain (right); low fluvial terrace with tundra
ponds {(centre); glaciofluvial terrace bluff
(foreground and left). August 17, 1980.°

1



A

ridge are a number of discontinuous ridges and knolls,

composed primarily of sand and gravel, which may répresent‘

- ‘glacial ice-contact deposits.

To the no#th of the ridge, the Kellett River valley
trendé east-west agd is’ also asymmetrical in cfos§7pxofile,
with northernibluffs‘rising rapidly to over 200 m aié.l.
South of the ridge, the Sachs ﬁiver lowlands comprise
a low fluvial and glaciofluvial outwash plain, bounded

by the coast ofiThesiger Bay. The area is lentlculate

. in shape, reachlng a maximum width of 10 km and extendlng

35 km southeastwards,from Sachs Harbour. The Kellett

and Sachs Rivers rise in the moraine belt of eastern Banks

~.Island and flow westwards to discharge into the Beaufort

¢

§éa. Variation in late-Quaternary discharge levels is 7

marked by a sequence of terraces, on which are developed

- many hundreds of tundra ponds and lakes ranging in diameter

from tens of metres to several kilometres (Figure 2.8b).

- In postglacial times, thik landscape has been
modified primarily by mass wasting on slopes, and by fluvial
erosion and depositioﬁ within friver valleys. The efficacy
of these é;ocesses is a function of both the périglacial
climate and the unconsolldated nature of surficial materlals
Sollfluction occurs in this area on slopes as low as
2-4r-° (Figure 2.9); for exampleg, in a study of mass wasting
east of Sachs Harbo?rfﬂa&géan downslope movement of 2.0 cm.yr—l

was recorded (French, 1974b). Significant quantities

of sediment may also be transported in suspension or

4
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{a)

G g 1 J

Mass wasting east of Sachs Harbour.

(a)

(b)

Air photograph illustrating mass wasting on

the south flank of the Sachs Harbour ridge.

(Part of A 22953-129). Note the unvegetated
gravel knolls and nonsorted stripes developed

on the colluvial sheet.

Detail of nonsorted stripes in the area marked 'A'
above. Note the Dryas/Salix vegetation in the
shallow depressions between the regolith

stripes. July 29, 1979. ~

-
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solution by overland flow and subsurface wash. For example,
a recent study in central Banks Island concluded thaf
slopewash may form the most ihportant denudational prdcess
in that area,‘primarily by solutional surface lowering
(Lewkowicz, 1981, p. 265). Slopewash processes are parti-
cularly effective at snowbank sites, where water islsupplied
to the slope along a broad watershed. -

Rivers on southwest Banks Island are characterized
by nival regimés, in which the majority oflanhual runoff
occurs during the period of spring snowmelt. Discharge
data are not available for the Sachs and Kellett Rivers,
however the Big River, at a point 65 km north of Sachs |
‘Harbour, has a flow period which extends on éverage from
early-June to early-September (Environment Canada, lQ?é-
1980). The Kellett River has a drainage bééih"éféaxék
2,641 km’,‘and a-mean channel gradient of 2.8 m,km_l.

The lower 50 km of its course are braided, reflecting

both the high sediment load derived from unconsoiidated
surface maéerial and the seasonal nature of the flow fegime.
- The Sachs River has a drainage basin area of 1,214 km?

and a mean channel gradient of 2.4 m.km L. The basin

shape is complex, probably reflecting glacial disruption

of an initial drainage network. Below Raddi Lake, the

river flows across the northern margin of the Sachs lowlands,
which form an elongate lower basin. Above Fish Lake

the channel is braided, while below the lake outlet the

channel meanders and has a low gradieng%(O.B m.kmhli.
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Terrain microrelief is closely related to soil
and vegetation characteristics. The soils of Banks Island
are classified as cryic regosols, developed under arid,
low—-temperature conditions which inhibit pedogenic pro-
‘ cessés {(Tedrow, 1977). The area lies approximately 350 km
north of the treeline and is transitional between low-
arctic and high—arctic tundra vegetation zones. Porsild
{1955) recognized 172 species of vascular plants on Banks
Island; although this represents a rather poor vari§nt of
low-arctic vegetation (Kuc, 1974), it is richer than thgt
of most western arctic islands. It has thus been speculated

that part of the island may have formed a Wisconsin
refugium (Maher, 1968). "

Three soil series may’ﬁé recognized on southwest
Banks Island, each relatgg to a distinct vegetation-landform
assemblage fFrench, l976b; Tedrow and Douglas, 1964). These
frequently occur in the form of a soil catena (Figure
2.10a). The Storkerson Series is'a polér desert soil,
occurring extensively on upland ridges and plateaus. It
is characterized by regolith surfaces with a 25-35% cover
of lichen-moss tundra. The Bernard Series is associated
with the dry earth hummocks of sloping land; sojl texture
is that-of a sandy loam, with a hummocky Dryas sp. micro-
relief of 10-12 ¢m (Figure 2.10b). Kellett Series soils

occur in areas of lowland meadow tundra, beneath a con-

-

-

tinuous vegetation mat of Carex sp., Salix sp. and mosses.

Poorly drained areas support a marsh vegetation dominated
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Figure 2.10 Typical s0il and vegetation relationships, southwest
‘ Banks Island. '
(a)} Soil catena developed on the northern flank of
Sachs Harbour Ridge. 1. Storkerson Series' -
developed on gravel ridges (opposite and foreground).
2. Bernard Series - Developed on sloping valley sides.
3. Kellett Series - Developed in poorly drained —
valley bottom. August 18, 1981. _ T
(b) Detail of Bernmard series soil, showing hummocky Dryas
microrelief (ice axe is 60 cm long). August 07, 1979.
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by Eriophorum sp. and Sphagnum sp.

4

2.4 The coastal environment

Within arctic regions, the coastal environment

: o P

is-characterized by a short summer period of open water

conditions, during which wave action is effective. The
frequency and magnituﬁe of onshore storms during this period

are major factors controlling processes and patterns of

coastal change.

2.4.1° Open water conditions
;Open water conditions are defined as occurring

when the pack ice concentration is less than l/lb (Taylor
and McCann, 1976). On this basis, open water coﬁditions
-in Thesiger Bay prevail on,gverage‘for Bl days, or approxi-
mately 22% of the year (Table 2.3). The mid-July to late-
September ice-free;pefiod may be considerably rédhced
in heavy pack ice years; for example, in 1964 the shoreline
was oni;\}be;igﬁe between August 28 and September 09.
The longest opén water season recorded is that of 1973,

~ when ice-free cénditions existed for 119 days, between

) L\,,June\ZG and Oétober 23,

' Ice béeakup in the eastern Beaufort Sea normally
éommences in eiily-Jungﬁ with the deyelopment.of ‘a major
lead off the west coasthof Banks Island (Dey, Moore and
Gregory, 1979). Data recorded in the periéd 1959-74

(Lindsay, 1975; 1977), have been coﬁpiled in the form
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of maps showing median pack ice conditions (Markham, 19é1).
These may be used to illustrate the pattern of sea ice
breakup and freezeup adjacent to southwest Banks Island
(Figure 2.11). .

In ﬁost Years, an eXxtensive area of open water
develops to the south and southeast of Bahks Island by
late-July. In August and September, the ice limit is
defined primérily by the margin of the permanent polar
pack, which extends in an arc from northern Banks Island
to north of Herschel Island. 1In October, growtﬁ of nilas
(new ice) results in the progressive restriction of oéen
.water to an area south.of Banks Island. However, éhorefast
ice normally develops by mid-October, effecti#ely isoiating
the coastal zone from this influence.

During the open water season, the effectiveness
of storms of given magnituﬁe is determined by the ice-
free fetch available for wave generation. Weekly ice
observations in the period 1971-80 (personal communicationi
D. Mudry, Ice Climatology and Applications Division, Atmos-
pheric Environment Service) were énalyzed to determine
the frequency of ice-free fetch conditions by sector through
the:9ggn water season (Table 2.4). It should be noted
that £he.§estern fetch is never ice-free, since it inter-
sects the permanent polar pack. In this case, maximum
fetch is assumed to exist when the pack ice limit lies

100 km or more west pf Sachs Harbour. The frequency of

" lce-free fetch conditions to the southeast is 50% or

.
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- greater from éé}ly—August to late-September. Maximum
fetch conditiohs to the south and west tend to develop
later in the -season, reflecting the northwestward retreat
of the pack ice limit. During the last two weeks of Sept-
ember, all sectors héve a 50% or greater frequency of
ice~free fetch conditions.’

Periods of maximum wave generatlon are llkely
to occur during storm events whlch coincide with the exis-
tence of ice-free fetch. These conditions are satisfied
during less than 4% of the open water season and are most
fregquently associated with southeasterly storms (Table
2.5). In the period 1871-77, no storms have acted over
a western fetch greater than 100 km and. the long-term
probability of such an event is less than 0.1%. Wave
climate may be predicted using the model of Svefﬁrup,
_Munk and Bretschneider (United States Army C.E.R.C., 1973,
pp. 3-35). Wind records suggest that maximum fetch-
limited aneﬁ are rarely gene:ated, due to insufficient
storm duration. However, of the 47 storm events with
ice-free fetch recorded in the period 1971-77, approximately
40% have predicted significant wave heights greater than
2.0 m'(Figure 2.12), The effect of storm waves may be
enhanced if they occur in conjunction with a storm surge,
during which water levels may rise appreciably (e.g.-Henry
~and Heaps, 1976; Hume and Scha%k, 1967; Reimnitz and
Maurer, 1979[. Sinée this is a microﬁidél enﬁironment,

with a mean tidal amplitude of only 0.1-0.2 m (Canadian
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Hydrographic Service, 1979), storm surges ma§>be of parti-

»
cular geomorphic significance. o

2.4.2 ?ice conditions and
‘wave climate, 1979-81 : N

[}
Coastal processes were monitored directly during

the periods Junie-August 1979, July-September 1980 and
August 1981 The 1979 season may be strongly contrasted

to the 1980 and 1981 seasons 1nvtarms of both ice condi-
tions and wavefclimate. In 1979, ice-free fetch conditions
did not develop in Amundsen Gulf until early-September.

: Although Sachs Harbour was ice-free from July 15, effectine

ol
]
fetch was less than 50 km in all sectors and frequently L,‘

less than 10 km. "As a result, very lo ;energy wave condi-
tions were Qb;erved, with nave heigh(} less than 20 cm
at all timéa. | }
By contrast in 1980 pack 1ne in Sachs Harbour

broke up by July 7 and ice-free fetch conditions existed

in most sectors by mld—August. As a:resulF, strong onshore
win%s between August 20 and.?eptember 4, acting over fetches
of 200-400. km, were able tovgenerate waves greater than™
0.5 m in-height. On August 31, 20-30 knot (37-55 km/h)
SSW-W winds generated waves which attained'héights of
1.0-1.5 m within the hafbour {Figuf€*2.13a}. Two further
high-magnitude storm events were monitored during ice-

free fetch conditions in 1981; On August 17-18 and again
on August 22-23, 20-25 knot (37~-46 km/h) winds generated

waves greater than 1.0 m in height (Figure 2.13b). O©On
.. s /!

2
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~(a)

. {b)

High-energy wave conditions, southwest Banks Island,

{a)

(b)

Storm waves at Allen Creek August 31, 1980. Note
undercutting of cliffs resultlng in the formatlon

of a thermo-erosional niche,

Storm waves at the base of Cape Kellett, August 23,
1981. Wave height was estimated at 2.5 m and over-
wash 'of the spit occurred.
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the latter occasion, es£imated wave height at the base
of Cape Keilett excéeded 2.0 m, and a storm surge resulted
in-almost tofal inundation of Sachs Harbour spit. Analysi;
of 1971-1977 wind record; suggests that these conéitions
are unexceptional, and probaﬁiy have a fetﬁrn interval -
of 1-2 years (sée Figure‘2.3).

The initiation and duration of sea ice freezeup
is & function of both temperature and wind conditions
(McCann and Taylor, 1975; Short and Wisemah, 1972). For
example, in 1979 the freezeup period at-Sachs Harbour
was characterized by strong (30—50lkm/h) winds, alternating
between onshore and offshore sectors (Figure 2.,14). This
resulted in repeated disintegration and movement of the
nilas sheet. Coqsequently, complete ice cover was not
reported until 35 days after-initial ice formation. By
contrast, in 1980 maximum daily winds during freezeup
were relatively light (20-30 km/h) and uniformly offshore,
greatly reducing ﬁhe probability of significant wave action.
As a result, freezeﬁp was completed within 18 days of

initial nilas formation.
.
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Air temperature and wind conditions durihg freezeup
at Sachs Harbour, 1979 and 1980,
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CHAPTER THREE

PERMAFROST STRATIGRAPHY




» 3.1 Introduction

b
The nature-and occurrence of dround ice bodies

éwithin permafrost gections can be used toJinfer past geomor-
phic processes and may assist in paleoehvi;onméntal recon-
struction. A sératigraph%c approach to geocryology has
been applied widély in the unglaciated areas of central
y and eastern Siberia (e.qg. Katasonovt l§75; 1978; Katasonov
and Ivanov, 1973; Mackay’, Konishchev and Popqv, i979, PP.
10-11; Popov, '1969; Sher and kaplina, 19?9) andﬂ to
a 1esser‘extent, in Alaska (e.gq. Péweé, 1975; 1977;;Sellmann,

1967; Sellmann and Brown, 1973). In many areas of arctic
Cénada, the relatively short postglacial history Lf perma-
frost haé limited the use of this approach. Only in parts
oiAthe Pleistocene Mackenzie Delta, which were ice-free
during the Wisconsin glaciation, have stratigraphic studies
of permafrost been successfully undertaken (e.q. Mackay,
1975; 1976; 1978a).

Although a summary paper is available (Frehch,
Harry and Clark, 1982), this chapter describes in more

detail stratigraphic investigations of permafrost, under-.

taken on southwest Banks Island in 1979 and 1980, The
objectives are, first, to illustrate how permafrost stra-
tigraphy provides information relating to the formation

of permafrost landforms and, secohd} to use the evidence
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of ground ice bodies together with their enclosing sedi-
ments to reconstruct the late—Quatern;;y“history of the
region._ Specificyattention is focused upon the nature

oﬁ ice wedge sysfzms and pingos. The former wéfé examined
in natural coastal exposures west and soﬁtpeast of Sachs
Harbour. Sections through pingos and other ice-cored
féatures were ;roduced artlflcially using a Wa]ax high=-
pressure fire pump, which was also used to remove slumped

i

debris from coastal cliffs.

3.2 Ice wedges

3.2.1 Nature and occurrence
Ice wedges are vertically foliated bodies of massive
ground ice formed along,the'axes of thermal contraction

cracks. Their mode of formation has, been described by

Lachenbruch (1962; 1966), Black (1963), and Romanovskii

(1973), following early research in Arctic Alaska (Leffingwell,

1915; 1919, pp. 205-14) and Siberia (see e.g. Shumskii,
1564, pp. 5-9). The orientation and spacing of thermal
contraction cracks varies considerably, reflecting.ééntrasts
in the thermal and/ééztechnical properties of underlying
sediments and, possibly, variation in the climatic reéime
(Dostovalov, 1960; Dostovalov and Popov,-1966; Kerfoot,
1972, Lachenbruch, 1961). Natural exposures of ice wedges
are rare and usually short-lived, since melt of the ice

body is accompanied by slumping of adjacent sediments.

For this reason, jice wedges may normally only be_examinedA

*
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in actively eroding sea cliff and riverbank sections.

Throughout southwest Banks Ialand ice-wedge polygons
occur widely wherever . horizontal or low-angle surfaces
are underlain by fine- grained alluvial and outwash sediments.
Within the Kellett River valley, . most polygons consist
of upthrust rims surrounding a central, often water-filled
depression. On nhe lowlands west and southeast of Sachs
Harbour, high-centred polygons boundegd by ice-wedge troughs
predominate. Tundra polygons are poorly develcoped on
the sand and gfavel surfaces of the Sachs Harbour ridge;
however, wedge ice was encountered in two out of seven
. boreholes drilied in 1973 near the airstrip (French, 1975a).
Within the Sachs River lowlands, polygon diameter ranges
from 8-20 m, with a mean value of approximatelyIIS_m.
Following the terminolegy of Lachenbruch (1966), contraction
cracks-in this area form a predominantly random orthogonal
or hexagonal network (Figure 3.1). ‘The relationship betﬁeen
fros: Cracks and active ice wedges may be examined in
coastal sections (Figure 3.2).

The size of ice wedges may provide an approximate
indication of their age. 1In studies of Alaskan'and Antarctic
ice wedges, Black (1952;-1963; 1973) concluded that growth
rates of 0.5-1.0 mm.yr_l are typical, suggesting that
a 1.0 m wide wedge may grown in-1,000-2 000 Years.“ However,
following detailed field observations on Garry Island,

Mackay (1974a) concluded that, on average, only 40% of

4
.contraction cracks open in a given year. Thus, mean ice
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Figure 3.1 Intersection of 3 ice-wedge troughs at angles of approxi-
mately 120°, within an area of high-centred polygons
4 km west of Sachs Harbour. August 18, 1981.

L i . | . .
Figure .3.2 Relationship Eetween frost crack and active ice wedge,
: exposed in a coastal sectlion 4 km southeast of Sachs
Harbour. June 25, 1979,
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wedge growth rates on Garry Island may‘actuglly be less
than 0.2 yr_l. These results imply tha£ the size of
an ice we§ffe is not directly related to its age.
_In general, ice wedges onhsouphwest Banks Island
are reiatively small, being 1-2 m wide at the frost table
and extending downwards 3-5 m into permafrost (?igure 3.3).
They nfay thus be contrasted to the large ice wedges observed,
for example, in the Siberian coastal lowlands. 1In that
'area,ﬁice wedges apparenily exceed 5 m in width and 40-
50 m in depth (e.g. Dostovalov and Popov, 1966; Shumskii,
1964, p. 36). This disparity may be partly a function
of growth mechanism, since many.éiberian wedées are believed
to haée formed syngenetically, in reiation to aggrading
. kalluvial sgrface (e.g.'fopgv, 1962; Shumskii andvvpyﬁrin,
1966} . Inlthe Ngrth American Arctic, few drainage basins
have long histories of cold, nonglacial climate combined
with floodplain development. _Thus syngenetic wedges are
rare (Mackay and Black, 1973)._ Although a number of small
Pleistocene syngenétic wedges have been identified on Hooper
Isiand (Mackay, 1976; Mackay, Konishchevl and Popov, 1978, -
p. 6), the majority of No:th}ﬁmerican ice wedges apéear
to be epigenetic in origin. |
: 'Thié conclusion is supported by observations on
southwest Banks Island. Ip this area, epigenetic wedges
are most coﬁmon, althoﬁgh small syngenetic ice veins are

also recognized. Some wedges appear inactive and are trun-

cated below the present frost table, while others possess
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a complex structure indicating thaw degradation and subse-
quent wedge rejuvenation (Figure 3.4). The latter are par-
ticularly interésting since they provide additional evidence
of a regional thaw unconformity, existing at depths of 1.5-
1.7 m below sﬁrface in the Wegtern Canadian Arctic (e.q.
Mackay, 1975; 1978a), and at raﬁher deepef levels in central
Alaska and the interior northern Yukon Territory (e.g. Camp-
bell, 1952, p. 60; Naldreté, 1981, p. 134, Péwé, 1965, PP.
10, 32). |
Localized thaw unconformiﬁies may be formed by perma-

frost degradation beneath transient water bodies. Fof
. example, a coastal section located 4.0 km west of Sachs
Harbour illustrates the permafrost stratigraphy resulting
from the growth and subsequeﬁt drainage of a shallow lake
(Figure 3.5). Following lake growth,.the ice‘wedéé/exposed
in this section was truncated by enhanced thaw to depths
‘of 60-100 cm below surface. At a later déée, lake drainage
occurred, probably as a result of coastal cliff recession.
During freeze-back of the saturated thaw zone, layers of
clear pond ice formed (Fiqure 3.6). These are characterized
by eloﬂéate ice crystals, oriented parallel to the freezing
direction (Géll,ulgiﬁ, PP. 224—35), which in this case appears
to have been from above. Subsequent - subaerial exposure

of the lake bottom led to renewed thermal contraction cracking
of the surface and the growth of a second-stage ice wedée,

extending-upwards_to.the present frost table.

{ .
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Figure 3.5 Permafrost stratigraphy assbciated with the growth and
drainage of shallow lakes, 4 km west of Sachs Harbour.
This dice wedge was truncated by thaw beneath a shallow lake.
Following lake dfainage, the wedge was rejuvenated and
layers of pond ice developed. August 17, 1979.

- =

Figure 3.6 Tabular sheets of pond ice beneath the present active
layer, exposed in an adjacent permafrost section.
August 21, 1981.
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Occasionally, sprin&‘snowmelt runcff erodes prefer-
entially along icé wedge axes to form small, steep-sided
thermokarst ravines. These develop periodically on the
lower slopes of the Sachs Harbour ridge, downslppe of large
~snowbanks fFigure 3.7). Both Mackay (1274b) and French

s :

(1975a) have commented upon the rapidity of ice wedge des-

truction by thermal and mechanical erosion.

3.2.2 Stratigraphy of coastal sections

. Detailed examination of coastal sections in the
Sachs River lowlands, during August 6f '79 and'BOquggeststhat
six lithostratigraphic units may be recognizéd in this area.
All but. the lowest are illustrated in Figure 3.8, which
is a measured section of the coastal cliffs 2.5 km south-
east of Sachs Harbour (71°57'N, l25°l4'W5. The pésal unit,
not exposed at this locality, is a blue-grey tfii, containing
striated ﬁhleozoic erratics within a sand-silt matrix. Tgis
is exposed near sea level in the vicinity of the Sachs
'Harbour townsite, and its presence elsewhere is frequently
indicated by a beach armouring of exhumed igneous erratics.
The till is overlain by 1-5 m of laﬁinated grey silt and
silty sand with poorly defined and irregular cross-bedding,
The con;éct between this unit and the overlying 1-4 m of
yellgw-broﬁn med;um and well;sorted sand is gradational;
within the transition zone is a thin (1-6 cm) horizon of
detrital willow roots-and stems (Figure 3.9). A_number
of small frost fissures, charagterizéﬁlby downturned sedipent

laminae, extend downwards into the éréy silty sand from

oy o
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August 12, 1980,

Small frost fissure ex-
tending downwards from
the detrital organic hor

zZon,

Figure 3,10
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this horizon (Figure 3:10). The yellow-brown sand is over-
lain by a peaty organic unit, which attains 1.0 m in thick-
ness between ice wedges and is absent beneath ice wedge
troughs. The peat unhit grades upwards into app¥oximately
0.25 m of humiferous eolian sand.

Ground ice content of the two major gt;atigraphic
units differs consdiderably. /The grey silty sand is ice—
rich, contalnlng 50-250% ice by wefaht and 20-75% excess ;

ice by volume. Cryotextuf&s within this unit consist of

f -7

horizontal and 1ncllned,segregated ice lenses. Near the
/l o
upper boundary oé‘thefﬁnit, the ice structure is more

granular and may indicate episodic thawing and recrystalli-
zation. By contrast, the overlying yvellow-brown sand coh— -
tains approximately 20% ice By weight and less than 10%

. . . s gy '
excess ice by volume. Few ice structures are visible w;thln.J—\\\D

this unit. | - ' ot
‘ — Y
-~

. -~
Radiocarbon age determinations provide an absolute o
chronology for this sedimentary sequence (Table 3.1).

Material collected from the detrital willow horizon yields

a 14 date of 10,600+130 years B.P. (GSC-3229). This provides

e

a. maxlmum age for the overlying yellow -brown sand and a
.mlnimum age for the underlylng grey sxlty sand. A second
14¢ gate of 6,490£60 years B.P. (GSC-3216) was obtained
from material collecteq at Ehe base of the peaty.organic
layer, at a depth of 1.45 m:pglow‘surféce; This provides
. 3 . o

a maximum age for the initiation of peat accumulation.

At a second locality, approximately 500 m to the southeast,
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a 14C date of 8,560£210 yeérs B.P. (GSC-3292) was obtained

.frbm willow fragmentsy; contained within dacustrine sediments
overlying the yellow-brQwn sand. This provides a minimum
age for the sand uUnit and is consistent with tHe date of
8,4302120 years éT;?J(GSC—2419), ;btained by Vincent (1980,

*p. 236), for péauC;%g;I;fhg outwash sand east of Sachs
Ha;boui.y Few data are available wigh respect to the age

- of the S5and Hill;ﬁReadvance.f However, a l4p date of -

-

. ‘ - Voo
9,870+340 years B.P. (GSC-2260) has been obtained for

a 1

organic material, collected by R. J. Mott, from a small

a

B
- .lake basin within the glacial limit (Vincent, 1980, p.
237). - This material owerlies ice~contact sediments and

thus the_14

C date provides a.minimum ége for the Sand Hills
event.

" Four distinct ice-wedge systems may be recognized ¢

wighin the section illustrated in Figure 3.8. The oldest

set of wedgeg@consistf of ;zégf;}de bodies, 3-5 m deép

and 0.5-1.5 m wide, which cur within the grey silty sand
and appear to be truncated at or near the detrital willow#
horizon (Figure 3.11).‘ As such, they are uﬁ;elated to
the présent ground surface and are assumed to be inactive.
The ice wedges are highly foliated and yein—like,.and con-
taih grey silt.- In soﬁé cases, 'fingers' of ice e#tend
laterally for some aigténce frbm the main body of the wedge
(Figure 3.12). This is considered characferi¥$ic of epi~

-genetic rather than syngenetic ice wedge growth (Shumskii,

"1964, p. 37). /-

IR .. .
L) . ~ ) L N
. ' s
T - ’ . ’ -
N : 13
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Figure 3.11 Ice wedges exposed in the Sachs River lowlands permafrost
section. Two systems of epiﬁenetic wedges are visible.
The oldest wedges are truncated at or near the upper

boundary of the grey silty-sand. August 06, 1979

A.\“"
‘_“-s.

\ - .Y
Figure 3.12 - Detail of the older epigenetic ice wedge seen at bottom

- -~ Left in Figure 3.11. Note the branching veins and -grey

v

) ' 5ilt contained within foliations. August 12, 1980,

*
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A second system of wedges consists of small tiple
1c€/;EIE;: 1-2 m in iength {Figure 3.,13). These occur
predominantly within- the yellow-brown sand unit, but inr-
some cases exfend downwards into the grey silty sand. The
width of these ice bodies varies vertically; at some levels
they attain a thickness of 3-6 cm while at other lefels
they are gepresented by only a single fissure, marked by //
downturnedsediment/laminae. For this reason, these ice
bodies are believed to be syngénetic in origin; the w}d;h
of thé”ice vein being invérsely proportional to the rate
-of sedimentation at any given lével within the sedimentary
unit. |

A third system of wedges consists of epigenetic
ice bodies,-l—3 m deep and up to 0.5 m wide (Figure 3.14).
These occur within the yellow-brown sand and are truncated
at the base of the overlying organic unit, gpproximately
1.5-1.7 m below the bresenf ground surface. fhese wedges
appear inactive as they are unrelated to the surface network
of frost cracks. A fourth system of wedges consists of
epigéﬁetic ice bodigs,;4-5 m deep and up to 2 m wide, which
éxtend upwards to the present frost table (see Figure 3.11{; \ /”
Many of these wedges pé;etrate‘the underlying grey silty
sand, but céntain yellbw-b;qwn saﬁd within their foliétioné
at all levels. This set of'wedées is clearly relatéé to .

-

the surface distribution of thermal contraction cracks.
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3.2.3} -Discussion .

The recognition‘ﬁé four ice ;edge systems, together
with interpretation of their enclqﬁ}ng sediments, permits
a ‘-reconstruction of late-Quaternary paleocenvironments
in this part of the Sachs River lowlands. This ﬁodel may
be applicable to other areas of s;uthwest Banks Island.

a

The basal blue-grey till is probably equivalent
to the Saggf Till, deposited by the Thesiger ice.lobe dﬁring
the main advance of the Aﬁundsen Glaci@tion (Vincent, 1980;
pp. 64-66). This represénts the penultimate glacial event
‘tb affect southwest Banks Island. The overlying grey silty
sand and yellow-brown sahd units are glaciofluvial outwash
éediments, possibly associated with the Sand Hills glacial
readvaqqe..‘At that time an ice limit, marked by f;esh
.morainic top&graphy, was established'approximately 30 km:
southeast ofwéachs Harbour. Outwash. deposition appears
initially to have been subaguetus, into a shallow marine
embayment possibly correlative with the Meek Point Sea
(Vincent, i98b, p:.103).‘ During this time ;he fine grained
silty $and uhit was deposffed. As the delta front progré&ed
to the northwest, shallow marine conditichs were progres-
siﬁely replaced ?yi% subaerial, fluvial depositional
-environment; in which the'yellbw—brown sand accﬁmulated
ag a sandur p}ain. | | -

Aggradation of permafrost into the ﬁg;shly gxposed.'

deltaic sediments was accompanied By the development of

thermal contraction cracks, marked stratgg;aph{siély by

o

. =
ey

A
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the presence of small frost fissures near the upper bounéary

of the silty sand. It is likely that the earliest set

of ice wedges dgrew in relation to a ground surface;marked

by the detrital organié horizon. A minimum,age‘for this

14

surface of 10,600%130 years B.P. is provided by the C

date (GSC-zzEQ) of the willow fragments. . The dimensions
;f these wedges ;uggest,that the surface may have remained
relatively stable for a period of timé following fﬁgﬁgence.
w§ub5eqﬁently, rapid surface aggradation, associazed with
deposition of the yellow-brown sand unit, buried this set
of ice wedges and favoured the grbwth of sma;} syngenetic
ice veins.
Following §£abilizatioﬁ of the surfacé in early-
Holocene times, epigenetic ice wedges develog%d within
the yellow -brown sand. Some were truncated atﬁﬁepths-cf
1.5-1.7 m below surface, during the mid-Holocene dlimétic
. optimum of 8;500-5,500 vears B,P. Subsequently, a numbéf
.of wedges continued to grby/g;;B;;;\ghrrently active, re-
flecting modern cold climate conditiofis. The warm,;moist
conditions of Fhe climatic optimum favouyed accumulation
of a thick oréénic layer. Variation in the thickness of
this unit may well reflect, the infilling of a series of
low-centered polygons by organic material. A sim;lar ori-
gin has been proposed for buried leﬂ%iculate'peétxﬁbdies
thch are frequent%giébseryed in ng}thern Siberia (Shumskii,
S SEUNE | K N

" §

. . . .
’ " * : .
. . .
. ' * i )
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14 A .
The *"C date of'\§,490460 years B.P. (GSC-3216) '
: ¥
provides a minimum age ;::\Qhe early-Holocene surface on ?
. ) ‘I

which this organic material accumulated. -Paleoecological

analysis of a sample of this material indicates a primary

B £
composition of sedge or grass stem/rhizome fragments, with
a minor component of moss fragments (personal communication,

J. V. Matthews, Geological Survey of Canada).. A fossil

coleoptera assemblage identified within the sample includés

Pterostichus (Cryobius) sp., Hy@iQSporﬁs SP., and Rhynchaenus
(Iéochnus) sp. The latter appears to feéd on Salix gp.,

and probably occurs o; Banks Island today. The presence

of this species suggests, therefore, an environment similar
to that of the preseﬂt. In late-Holocene times, a return

to colder climate conditions resulted in eifher rejuvenation
or continued growth of epigenetic ice wedges. ' The accumu-
lation of a surficial layer of humiferous wind-blown sand
suggests that the climate aléé‘became more arid. This\\

is consistent with the -conclusion of Pissart et dl. (1977)
that eolian activity on Banks Island was initiated approxi;
matel& 4,000 years B.P. \
' ‘ 7 A number of problems remain in the interprgtation

of this stratigraphic sequence. Following the chronology ﬁ

T
of Vincent (1980), the Amundsen Glaciation is thought to N

-

be of mid¥Wisconsin~age, probably greatef than 40,000 years
B.P., while the late-Wisconsin ice limit is placed well v
£o the east of Banks Island. The 19C date of 10,600:130

years B.P. (GSC-3229) obtained from the detrital willow
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horizon suggests, therefore, that either a périod of much
more recent glacial activity has affected southgest Banks
Isiand, or that Sédimehés.underlying fhe Sachs giver low-
lands are nonglaciogenic. Since thé sedimentology and

spatial distribution of these.materiaag are strongly'indie‘
cative of a glaciofluvial origin, it would appear likely —
that at least part of southwest Banks Island received outwash

-

from a late-Wisconsin ice sheet. The resolution of -this

L
tions elsewhere in the Western Arctige, can only be-achieved

problemL;EQi:h has implications for Quaternary reconstruc-
- by additional and more detailed stratigraphic investigations.
In particular, the age of the Sand Hills évent is crucial,
since this clearly représents the last. glacial episode

on ‘southern Banks Island. Vincent (1980, p. 207) argues
that it is unlikely :to represenf a major glaciatipn,‘moré
recent than the Aamundsen, since there is no evidence of
such an event elsewhere on the islandi At the same t;me,
however, the pé@blem remainé of reconcil%ng the fresh.
mérainic topography of the Sand Hills ridges with the more
subdued morphology. - of deposits attributed to the main

Amundsen glacial advance. This contrast strongly suggests

that a significant time interval separated the two events.

. : —_— w\*ﬁ/>ﬂ///x‘*\\\\\\
3.3 Pingos : . .
. “ ' o 4 .
\\3.3.1 Nature and occurrence
Pingos are defined as intrapermafrost ice-cored

mounds.
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origin has formed a major conponent of permafrost geomor-
phology (e.g. Mackay, 1962; 1973a; 1977a; 1978b, c; 1979;
ller, 1947 Mdller 1959 Porsild, 1938; Shumskii 1964,
PP- 21-27; Soloviev, 1952; 1973). .This_has contributed -
to a general assumption'that pingos are a‘commOn permafrost.
.landform. 1In reality, however, they develop in response
to a narrow range of local and limiting hydrological condi-
tions and thus are.relatively rare within most-perm;frost
regions. . |

The growth of pingos occurs infassociation with
the aggradation of permafrost into taliks This may occur
either as a result of local'geomorphic events, for example
lake drainage and. channel abanSonment Or as a result
of a regional climatic deterioratiOn Mackay (1973a}‘has“
shown that an increase in pore water pressure Wlth respect
td overburden pressure during talik freeze-back Wlll theor-
etically result in a four-stage sequence of -’ pingo growth,
~Under initial conditions of low pore wat'er pressure, pore
o

_ice forms within the talik sediments. As pore pressure

W

-, lncreases to a value equal to or greg;er than the overburden

- pressure, a lens of segregated ice begins to grow and
.lake bottom heave occﬁrs ~If pore pressure increases‘
still. further water may be intruded into ghe overburden

- faster than it can freeze and tongues of injection ice are

formed Finally, when pore pressure exceeds the yield point,

of overbur&en seaiments the pingo ruptures. This cycle may

be repeated several times during pingo growth,

Vas
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It is also clear that expulsion of'pore water from
saturated sediments subjected to freezing within a closed.
system can produé; a contlnuum of ground ice features.

These range from tabular, sill-like sheets of injeetion

ice, through conical pingos, to flat areas ﬁnderlain By
massive segregated ice (Mackay, 1972a} 1978b). It has

been suggested, therefore, that the distinééive characterig-
tic of a pingo is its discrete mound form, rather than

the nature of its ice core (Mackay, 1979, p. 52).

On Banks Island, a number of‘pingos and pingo-
like featpres have 5egn recognizéd.(French, 1975b; French
and Dutkiewicz, 1976; Pissart and French, 1976f. Although
many lack the classical hemispheriéallﬁorpholégy of Mackénzie
Delta type pingos, they appear to be fof%éd by essentially
similar processes. A major diffefénce, however, relates
to their geomorphic setting. 1In contrast to Mackenzie
Delta pingos, the majority of pingos on Banks Island occur
on low fluvial terraces within méjbr river valleys. Further-
moré, many are in varying étates of collapée. Melt-out
of the ice core and sluméiﬁg‘qf overburden has typically
resulted in the formation of either an annular ridge,
surrounding a cenéral depression, or an-irrégular hummocky
topography. Piss;rt and French (1976, pp. 943 45) conclude
that pingos in the Thomsen Rlveragrea of northern Banks
Island formed during a period of climatic deterioration,
approximately 5,000-3,590 years B.P. At that time, perma-

frost aggra&ég into taliks previously developed beneath



78

river channels during the mid-Holocene climatic optimum.
Wighin this context, a typical range of pingos

and pingo-like forms occur on. southwest Banks Island. They

are located predominantly on terraee§ within the Sachs

and Kellett River drainage systems, although a few occur

in drained thermokarst lake basins in the Sachs River low-

lands (French, 1975b, p. 461). Morphologically, these

features range from upstanding of partially collapsed conical

'mounds; 5-10 m in height, to .elongate ridges often several

hundreds 6E_metres long. Thé formér are smaller both in

dimension and total'number than their counte;parts in the

Mackenzie Delta area. This probably reflects the more

rigorous;climatic environment of Banks Island, which limits

talik size and thus potential pingo development.

3.3.2 ‘Pingo stratigraphy

Stratigraphic iqyeétigations of pingos provide
an opportunity to deduce both the nature of pingo growth
mechanisms and the paleoenvironmental conditions which
led to their development (e.g. Mackay and Stager, 1966;
Pihlainen et al.,41956; Pissart, 1967). During July 1980, - ¢
a large collapsed pingo located near Carpenter Lake in
the Sachs River lowlands (71°50'N, 124°28'W) was studied
in detail. The specific objectives of;thié work were to
verify Mackay's (1573a) model of pingo growth and to esﬁa-
blish the age of Plngos on southern Banks Island.

The Carpenter Lake pingo is located in an abandoned

- meltwater channel associated with the Sachs River drainage
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systeﬁ (;igure 3.15). The feature is 110 m in length,
55 m in width éﬁd the annular rampart rises to an elevation
of 7.5 m above the central depres;ion, which contains a
small pond. These dimensions suggest that, at its maximum
development, the pingo may have attained an elevation in
excess of 20 m above surrounding tundra. A %O_m long sectiqn
was excavated through the southeastern corner of the rampart
to investigate pingo structure (Figure 3.16}.

The central depressioﬁ is underlain by a QOre of
dark blqe-grey massive ice, interpreted as seggegation-
ice. ‘The frequent mineral inclusions are inclined near-
vertically; this orientation may reflect deformation.of
the ice core during pingo growth (Mackay, 1979, p. 42).
Within the rampart, the sediments overlying the ice core

are penetrated by several tongues of pure white ice, con-

”taining numerous gas inclusions (Figure 3.17). This ice

has an unconformable contact with the main body of segre-
gated ice (Figure 3,18). The lack of mineral inclusions,

distinctive shape and location relative to the main ice

~core, all suggest that the white ice formed by injection

of free water from within or beneath the growing pingo.
These observations are in accordahce with other studies

in Arctic Canada (Mackay, 1973a; Pissart and French, 1976)
and the Soviet Union (Baulin et al., 1978), which conclude
that pingo ice cores may comprise both segregated and

injection ice.
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Figure 3.15 Oblique air view of the Carpenter Lake pingo, Sachs
: River lowlands (71°50'N, 124°28'W). Plan dimensions are
approximately 55 m x 110 m, and the rampart rises to a-
paximum of 7.5 m above surrounding tundra. Note the
section excavated through the southwest rampart,
July 11, 1979,
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Figure 3.17 Ice core and sediments exposed in the southern rampart of
the Carpenter Lake pingo. Note tongues of white injection
ice extending into the rampart and massive segregated ice
underlying -the central depression, (Photograph by H. M.

French, July 14, 1979).

k]

—

vy
¥ pt STy e
g FREr W A

Detail of the contact between injection ice and segregated
ice core within the Carpenter Lake pingo section. (Photo-
graph by H. M. French, July 14, 1979).
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Figure 3.18
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A sequence of steeply dipping sediméntary units
may be recognized within the pingo rampart. Immediately
overlying the ‘ice C\o§e is a 2.5 m thick unit.of blocky,

- .
This material is ice-rich (greater than

laminated clay.
60% excess ice content} and contains numerous smaill segre«l
gated-vice iensés up'to 5 cm in diameter. These sediments

are flanked'by apérbximately 1 m of laminated silty clay,
containing 20-30% excess ice by volume. The outermost

unit in the raﬁpart sequence consists of at least 3 m of

fine to medium ripple cross-laminated sand, grading upwards
into gravel. Within the sand unit, a small, neér—hbrizontal
ice vein penetrates sevefal large segregated ice lenses.

The presence within. thevein of gravel derived from a strati-
graphicaily higher horizon demonstrates the epigenetic

growth of this ice body.,

3.3.3 Pingo growth.

The seéuence of ice bodies and enclosing sediments
exposed within the pingo rampart may be used to reconstruct.
depositional péleoenviéonments and permafrost history at
this locality. The silt and clay were proba@}y deposited
in.a low-enerqy, deep water environment, predating the
meltwater channel in which the pingo is located. The lack
of'orgahic material in these sediménts, which precluded
the establishment of a rqdiocarboh-based chronologj, may
in part be a result of deposition in an ice;marginal Zone;

,the Carpenter Lake pingo is located only 5 km from Ehe

Sand Hills glacial limit. The sand and gravel flanking
N
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.
this material may be related to the establishment of fluvial
conditions, associateé with the development of proglécial
and ice-marginal drainage channels. During the postglacial
climatic optimum, taliks.ﬁay have formed beneath the deeper
channels on this sandur plain.‘ Subseguently, a retﬁrn
to'colder conditions, accompanied by abandonment of the
meltwater channel, resulted in permafrost :aggradation.

The pattern o% permafrost aggrédation into the'
underlying sediments is indicated by thg dist;ibution of
ice bodies within the pingo rampart.  The presence of the
small.epigenetic ice vein demonstrates the existence of
permafrost-prior to pingo growth. At least 2 m of frozen
sand and gravel overlie the upper limit of the vein, which
thus represents a thaw ﬁnconformity, probably'relafed to
temporary occupatién of the river channel. The iée vein
extends approximately 3-4 m inwards towards the pingo centre,
ind;:;ting the probable extent of permafrost aggradation
prior to initiation of ice core growth. This is cdnsistent
with the suggestion by chkay (1978b, p. 139) that during:
permafrost aggradation.the 'shut-off pressure’, at which
pore water  is expelled from saturated sediments! is ﬁsually
exceeded within a depth of several metres.

Four stages of pingo evoiution may bé deduced from
the obsg;yations g?scribed abovg. First, it ca? be hypo-
;hesized that freezing of saturated sedimenﬁs_beneath the

abandoned river channel resulted in pore water expuléion,

and the growth of 'segregated ice lenses. Second, further
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growth arched the Ooverlying sediments upwards, to produce
‘the sequeﬂce of steeply dipping units observed in the pingo
rampart, and simultanebusly reoriented the ice vein from

a vertical to near-horizontal disposition.‘ Third, at a
lafér stage, increasing pore water pressuré resulted in

the intrusion of water into thesejsediments to form tongues
of injection ice. Fourth, dilation cracking at the summit,
together with soliflucfion and/or permafrost creep on the
OVerteepened pingo flanks, led to éegradation of the ice
core and pingo collapse to its presenf form, This récon-
struction is consistent with Mackay's (1973a)} theoretical
model of pingo evolution,

3.3.4 Pingo age

-

Since no organic materials .were found in sections
.excavated through the Carpente; Lake pingo, it was iﬁpossible
to determine its period of growth. For'this reason, atten-
tion was directed to a second pingo, located in the upper
Keilett River ba;in approximately 65 km east of Sachs
Harbour (71°54'N, 123°05'W). This feature had been examined
previously by H. M. French and D. N. Mottershead in July
1976, and was visited again by H. M. French and D. G. Harry
in August 1980. It was thought that if the age of this
p}ngo could be determined, then a similar age could be
suggested for the Carpenter Lake feature.

Morphologiéélly, this pingo consists of an elongate'
gravel ridge, 5~8 m in height, the southern end of which

has partially collapsed to form a ramparted depression

[
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(Figure 3.19)./ Within the central section of the ridge,

part of the‘western fiank is being eroded by an adjacent

- tundra lake. The coarse nature of surficial sediments
precluded the excavation of a gobd Section in 1976k(H.

M. Frencﬂ, personal commuﬁ;catiop),'and thus the presence

of an ice core remains conjectural. ‘ﬁowever, the Eteep

dip of exposed sediments, together with the collapsed central

q
depression and evidence of active thermokarst Processes,

-

strongly suggest the melt of a substantial ice core. Re-
examination of this feature in 1980 did not provide-any
cause' to change this ppinion.

Two radiocarbon dates, obta;ned from material
éolle@ted- by H. M. French and D. N. Mottershead in 1976,
relate to the growth of “the pingo. First, willow fragments
contained.within frozen gravel below the surface of the
terrace on which the pingo is locateq prévide a lAG date
of 3,920+80 years B.P. (GSC~2395). Since this sample was
collected approximately 2.5 m above river level (H. M.
French, personal communication)f there is little chance
of contamination during flood events. The organic material
occurred 1.4 m below the surface of thé terrace, at a dis-
tancg of approximately 400 m from the pingo. Thus, it
probably proéides a maximum age for the terrace and hence
for the pingo itself. A second sample of detrital organic
maferial, collected from the collapsed summit depression
of the pingo, yields a 14C date of 2,480150 years B.P.

(GSC-2397) . Since most field observations indicate that



Figure 3,19
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Oblique air view of the Upper Kellett River pingo (71°54'N,
123°05'W). Note the central summit depression and erosion
by an adjacent thaw lake. August 06, 1980.
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pingos grow most'rapidly in their eérly stages of develop-
ment (e.g. Mackay, 1973a, pp. 996- 98), it is likely that
material which accumulated in the summit depression post-
dates the majority of pingo growth. Thus, available evi-
dence suggests that this pingo developed- during the time
period separated by the two age'determinatidnz. h

It seems reasonable to assume that, with the excép-
tioﬁ of those formed by mofe recent drainage of tpermo-
karst lakes, the majority of pingos on southern Banké Island,
including the Carpenter Lake feature, grew during this
period. There is also broad synéhroneity between the age

~of the Kellett RlVer pingo and the age suggested for pingos

1n the Thomsen Rlver area of northern Banks Island (Table

»
[y

‘3 2) Pingo growth appears to have occurred rather earlier
in the latter reglqnl probably reflecting more severe cli-
. f‘ T
1
matic conditions. | . / L

f
/ . i

3.4 Jce-ablation phenoména ;
: |
i

3.4.1' Occurrence ji
A number of icehablationfphenomena occur close
to and within the Sand Hills glécial limit, approximately:
. j .

40 km southeast of Sachs Harboq} (Figure 3.20). Morpho-
logically, they appear similar to collapsed pingos, sincé
they consist of elongate or irregular ramparted depressitns.
In all cases, the features show evidence of thermokarst

subsidence and are thus inferred to be a form of ground

ice depression. Their wide distribution suggests that
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Figure 3.20

Air photograph illustrating the distribution of
ice-ablation features in the Sand Hills area.
(Part of A 15980-92). Note: Feature
. examined in detail.
lake pingo.

'A' was
Locality 'B' is the Carpenter
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much of the Sand Hflls'moraine belt may be ice cored.

‘ 2o 91
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One feature, 1ocated approx1mately 4° “km soutbeast

rof Carpenter Lake (71 48 N, 124°26 W) was studied in detall

in July 1979. The dlmen51ons and morphology of this feature

are: 51m11ar to those of the Carpenter Lake pingo,- since

it con51sts of an elongate ramparted depre551on, 125 m

long and 35 m wide (Figure 3.21)." However, the depression.

R

.trends directly downslope at. an angle of 5-10°, and tefninates

in a thermokarst or kettle Jlake. 1t is difficult to, recon-
c1le this topographlc 51tuatlon with the llmltlng hydro—
loglcal condltlons requlred for pingo growth The fleld

objectlve was to 1nvestlgate, therefore, the 1nternal struc—

ture of the ice- ablatlon feature in order to determlne

4

its mode of origin. : ".“i

'-3:4;2 Stratigraphy -

Two 15 m.iong Sections were cut throﬁéh the northern
and southern ramparts of:ihe feature descrlbed above.. {(Figure
3.22). In both sectlons, massive ice was encountered at. {:
a depth of approxmmately 1 0'm beneath the inner margln‘
of the ramparts (Figure 3.23). The ice contains clay-
silt foliations, which are contorted into isoclinal folds.
with an amplitude'of-Z—S cm. Numerous mineral inclusions
are present, including small pebbles up.to 50 cm 1n dlameter.j?
Iﬂbufflcient large clasts were seen to determine their ’ ,'

™

fabric;" however, several disopid pebbles were oriented

»

with their .maximum pro]ection plane parallel to the surface

of the ice body. The contact between the ice core and

o
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Figure 3.21 Oblique air view of an ice-ablation feature, Sand Hills
area (71°48'N, 124°26'W). Note the downslope allignment

of this feature, and the section cut through the southern
rampart. August 06, 1980,
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Figure 3.23

" Detail of ice core exposed In the rampart of the feature
shown in Figure 3,21, Note contorted foliations with
mineral inclusions. July 21, 1979.
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overlying sediments was determined to be irreqular and

frequently interpenetrating.

Within the central depression, a thin (0.5 cm)

Jorizon of clay overlies the jice core, however this material

is not present within the ramparts, where the ice is overlain

by medium sand containing small ice segregations. The

remainder of the rampart is ‘¢omposed primarily of coarse

-

sand and élast—supported sandy gravel. These sedlments‘

care stratlfled and dip gently outwards, approximately .

A

~ parallel to. the outer surface of the ramparts.” No organic

materials were found .to enable radiocarbon dating 6f either

the sediments or ice core.

3.4.3 Origin

Within areas of glaciated permafroét terrain, the
origin of ice—cored mounds may be.related to either peri-
glac1a1 or glaC1al processes. First, they may result from
processes of “ice segregatlon and intrusion, during perlods
of either lodal or regional permafrost aggradation as des-
¢ribed earlier in this chapter. Second,. they may ref&ecg
the presence of buried relict glacier or snowbank-derived
ice, which has been preserved by . the perméfrost régime.

A variety of mounds may be formed by frost action.

In particular, mounds may be either short~term, annual

featd&es (i.e. frost blisters, icing blisters or icing

mounds), or long long-term, perennial phenomena (i.e. palsas

or pingos). Most sho;ttterm frost mounds are relatively

small, aé their ephémeral nature precludes the development

/

H
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of a large ice c?re (e.g. Van Everdingen, 1978). As such,

they are'hnlikely to account for the Sand Hills features.

.Palsas are peaty mounds, containing thin lenses of segregated

“ice, but con51sting prlmarlly of mineral 5011 (e qg. Seppala,

1972; Zoltal and Tarnocal, 1971). For this reason, thelr
pattern of thermokarst collapse is quite different to that
of pingos,-and rarely results in the formation ef a remparted
dep;ession.

The possibility exists that the Sand Hills features
are hydrostatic pingos, eimilar ﬁo the Carpenter Lake and
Kellett Ri¢er features deseribed above. ﬁowever, such
featpres grow during permafrostwagg;adation into taliks,
formed berieath water bodies. They are unlikely, therefore,
to occur on sloping ground. On the other hand, hydraulic
system pingos (e.g. Holmes et al., 1968; Hughes, 1969) grow
as a result of movement of water to a freezing plane under
gravity from a distant elevated soureeT ~They commonly occur
in areas of' discontinuous permafrost, where meubpermafrost

water circulates freely. It is possible the;wsuch condi-
tions existed immediately subsequent to deglaciation of

the Sachs River lowlands, as permafrost aggraded ;hto
unfrozen glacial sediments. Alternatively, the hydrauiic
gradient may ha§e resulted from pore water expulsion beneath
a fluctuating glacier margin (Mackay, 1959; Mathews and
Mackay, 1960).

Stratigraphic evidence does not, however, support ”

an hydrauiic origin for the Sand Hills features. First,
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the two rampart sections do not reveal_symméﬁrical, steeply
dipping stratigraphic sequences, as would be expected if
the overburden had been uparched during ice core growth.
Rather, they give the appearance of having been draped over
a pre—ex;gting ice bbdy. Second, the nature of t?gl;ce
core, particularly the intense deformation,_preseﬁce of
large miﬁeral inclusions and irregular contact with overlying
sediments, is typicai of neither intrusivé nor segregated
ice. Moreover, the evidence &6f ice wedges (see pp. 7?—?4)
indicates permafrost aggr;dation to have been cbntingous

on southwest Banks Island in late-Pleistocene and Holocene
times, with 1itt1e”evidenie for a preolonged period of dis-
continuous permafrost, aé would be required to form such

large hydraulic system pingos.

o P :
For the above reasons, it is necessary to consider

fhé alternative, i.e. glacial, origin for the Sand Hills

ice-ablation phenomena. Air photo evidence suggests that
the feature examined may-be thé western extension of a linear
ridge, mapped by’Vincent (1579) as a morainic crest. Although

the two features are separated by a kettle lake, they are

jOlned by a shallow subaqueous bar which may represent a

remnant of the intervening section of ridge.

Ice—cored glaciogenic ridges ‘may form initially

" as eskers, moraines, or during general ice disintegration.

" Ice-cored eskers are known from modern glacierized
areas in North America, Iceland and Norway (e.g. Howarth,

1971; Petrie and Price, 1966 Price, 1969; Stokes, 1958).
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Upen ablation of the ice sheet, englacial stream depoeits
may protect a remnant ice core. The‘structure of ice-cored
moraines has been studied in Canada and SCandinavial(e.g.
(@strem, 1964; ‘Pstrem and Arnoid, 1370; Souchez, 1971).
Johnson ?1971) has shown that conteﬁporary ice—cored moreines,
assocmated Wlth the Donjek glacier, form by burlal of stag-
nant ice beneath ablation debris and outwash sedlmengs

Slow degradatlon of either type of ice body results in the
formation of a double-crested ridge, morphologically similar
to many /of the Sand Hills Eblation features (e.g. Price,
1966). ,
The process of ice-éisintegratiqn beneath a debris
mantle may resdit.in the formation of hummocky, 'uncontrolled',
topogrephy. However, the final stages of ice sheet movement
may impose an  alignment on the zones of weakness within

" the stagnant ice mass, resulting in the formation of
'controlled' disintegration topography (Gravenor and Kupsch,
1959). A range of ice—contact'rings and ridges may form
during controlled ice disintegration (e.g. Parizek, 1969).
These are most frequently composed of till, altBough some
contain stratified material. Stalker (1960) attributes

the 'plains plateaus' and 'moraine plateaus' of Alberta

to melt?out of ice pressed or squeezed into tunne;e, holes ™
and crevasses during ice sheet disintegration. 'These.fea;
tures consist of a near—circuler.tili\rim, surrpunding a
cenefal fill of water-lain deposits. Some feeéures have

no central £ill and thus form remparted depressions. In
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Cross- section, many ice disintegration features (e.qg. "Winters,
- 1961) bear a striking resemblance ‘to the Sand Hllls ice-
ablatlon phenomena ' -

It is difficult to discriminate with certainty be-
tween these possible modes of origin for the Sand Hills
ice-ablation features. The presence of stratified sediments
within thesectioﬁei ramparts indicates an aqueous deposi—
tional environmeht— However, this may_well be a secondary
structure, developed during degradation of the 1ce core. T
The Carpenter Till, associated with the Sand_Hills glacial
. advance, has a coarse,'sandy gravel texture (Vincent; 1980,
p. 71) and downslope reworking-of this material by relatively
low volumes of meltwater could readily account for the
observed stratigraphy. Moreover, the presencewof significant
quantities of silt and clay within the rampart does not
support a purely glac1ofluv1al origin for this material.

"In summary, it seems most likely that the feature
investigated represents a partially degraded iceecored mor-
aine. It may be hypothesized further that many, or allr;
of the morainic ridges within the Sand Hills glacial limit

. are ice-cored.

3.4.4 Implications for permafrost research
Two major implications arise from this discussion
of the origin of the Sand Hills ablation-features.. First,
it is clearly necessary to recégnize the possible occurrence
of glacier ice-cored topography im recently glaciated perma;

frost regions. Hughes (1973} haswmapped'the potential
- |
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distribution of 'glacier permafrost', dfé£oﬁgh few documén%ed
instances of this phenomenon are known. Mackay (1971; 1973b)
has argued éonvincingly against a glacial origin for the
massive icy bodies thch characterize coastal plaiﬁs in Arctic
Canada. However,AMackay et al. (1979) note the probaﬁie
preservétion of Wisconsin age ice in some Western Af&tic
localities. Itris likely that d;tailed field investigations
elsewhere on Banks_Islgnd and in other areas well within

" the laﬁe-Wiscbnsin ice limit, for example Victoria Island,
wouia Q;ovide'new evidence for this debate.

;Sécond the recognition within the same area of
_morphologlcally similar collapsed pingos and glacial ice-
ablation features has significancngor research in temperate
regions which experienced Pleistocene cold climate condi-
tions. ‘Relict pingo scars are conclusive evidence of forﬁer
permafrost conditions énd maﬁ& paleoenvironmental reconstruc-
tions are predicated up;n correct ldentlflcatlon of these
features (Flemal, 197§). For eﬁample, a range of forms
believednto be pingo remnants hive been identified in

Western Europe (e.g. Cailleux, 1956; Mitchell, 19;3{ Bissart,
1963; Sparks et al., 1972; Watson, 1971; Watson and Wa£son,
1974; Wiegand, 1965). Many of these features occur at
typical hydraulic_system pingo sites, for example on lower
valley-side slopes and at springlines. They frequently
possess a'complex-morpholégy, co%sisting of linear ridges

and open or closed mutually interfering ramparts.
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Relatively few pingo remnarits have been identified
within the North American zone of Pleistocene permﬁkrost,
although a periglacial origin has been propbsed for both
‘the prairie mounds.of western Canada (Bik, 1969) and the
de Kalb mounds of Illinois (Flemal et al., 1973 . Both
typés of feature consistwof a conical mound rather than
a'ra;;;rted depression, suggesting that material moved into'
the mound rather than out from it, as would be expected
'dﬁring pingo collapse. Flemal (1976} explains this surplus
of material in terms of relief inversion during degradation
of surrounding permafrost. However, since no moéern analogue
of this process has been observed, it seems equallf reason-
able to attribute a glacial origin to these mounds.
Identification Qfﬂgieistocéne pingo scars has been
facilitated by the rapid-gfgwth in knowledge relating to
contemporary pingos. - In pagéicular, recognition of possible
variation in pingo form pe;ﬁits a more liberal interpretation
of relict features. However, three serious problems remain
in the use of pingo scars in Pleistocene palecenvironmental
reconstructions. First, Pleistocene permafrost conditions
probably have no exact modern analogue; thus it is impossible
to deduce the hydrologic conditions under which pingos may
.have developed, VSecond;“regional degradation of ice-rich
permafrost may result in the development of chaotic -thermo-
karst terrain, in which pingﬁ remnants are likely to be

uniﬁéognizable. Third, as comparison of the Carpehter Lake

pingo and Sand Hills ice-ablation feature suggests,

C
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morphologically. similar landforms may result from melt-
o:ut of ice cores of contrasting‘ origin. It is possible,
fhe.refore, that many features ‘identified as Pleistocepe
pingo scars and oécurfing in éreviouSiy glaciatgd terrain
may have_developed. by ablation of buried. §1acie1; ice.

.“_
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4.1 :Introduction

v,

Thaw lakes develop by thermokarst subsidence of
ice-rich pefmafrost_terrain. Although their occurrence,
particularly on arctic coastal plains, has been reported

from both northern Alaska (e.g. Anderson and Hussey, 1963;
o .

Cabot, 1947; Hopkins, 1949; Muller, 1947, p. 84; Wallace,
/fif/f\‘”““\ 11948) and Siberia (e.g. Bojcov, 1965; Litvirov, 1960; Orlov,
: \‘ ' | |
\{iigﬁfpavlov, 1965; Romanovskii, 1961; Simova, 1964), the

conditiong under which thaw lakes evolve remain poorly

understood. Much research has focused upon thaw lakeimorpho-
logy and the development of a preferred long-axis orienta-
tion (e.g. Black and Barksdale, 1949} Carson and Hussey,

§ g

1960a, b; 1962; Kuznecova, 1961; ﬁivingstone, 1954; Price,

;963;'Rex, 1961; Rosenfeld and Hussey, 1958; Stremyakov,

1963). » e

I
In northern Canada, oriented thaw lakes occur in

several afeas, including the Tuktoyaktuk Peninsula, 0ld

Crow Basin, and Great Plain of the Koukdjuak (Bird, 1967,

pp. 211-216; Mackay, 1956a, bj 1957; Price, 1968). In
%

addition, they are a major terrain component on southwest

Banks Island, occurring extensiﬁely in the Sachs River.low-
lands and Kellett River valley. Their initiation, morpho-

logical developﬁent and thermal influence cdﬁﬁfitute

significant problems within the field of permafrost

104
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'beneafh drained lake baSins, are examined to deduce paleo-

’ . ' : . ) v 105

geomorphology (Black,'lQGQﬁbmJj¢ |
This chaprer'describes four aspects of_the thaw

lake pronlem with respect to southwest Banks Island. Firsc;‘;-

the geologic and thermal controls over thaw lake growth .

are. established. Second, stratigraphic sections, exposed

enVironments associated with thaw lake. development Third,
lake morphology: is analyzed to investigate possible eqguili-
brium relationships between lake form and éeomorphic pro-
cesses. Fourth, a.number of. lake drainage mechanisms are
discussed, with reference to field observations and air
photo interpretation. o | ;
To(?lace the thaw lakes of this area into a regional
per5pective;‘some discuSSio of ake development on Banks
Island in _general is approprEEé} Four major lake types
may be recognized (Figure 4.1). Within the eastern moraine
belt a number o{llarge kettle lakes of irregular outline
exXist, formed by the: melt -out of burie%ﬁ?laCier ice. Smaller:
kettle lakes also occur within the area‘of the Sand Hills |
Readvance.on socuthwest Banks Island. The western3and central"
lowlandé are characterized by numeroua small lakes which
belong éo.one of two cateéories The first type consists
of isolated ba51ns occurring Within dissected interfluve
zones. These have been termed 'ground moraine ponds' (Fyles,
1962 p. 14}, and are contained within baSins formed by
topographic irregularity of the surficial sediment cover.

The second and more important type occurs within concenprated

t
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zones, containing tgns to hundreds-of_meoberé, developed
upon fluvial and q;ECiOfluviol terraces and outwash plains.
These have been termed 'tundra ponds' (Fyles, 1962, p. 14),
~and are believed to;Lriginate Primarily by the melt-out

of grouna ice. Although it is likely that all lake basins
developed in ico—rich permafrost owe their origin at Ieast:
in pért to thermockarst processes, it is to this latter group

that the term 'thaw lake' is restricted in the following

discussion.

4.2 Geologic and thermal controls

‘ ' ‘ : /

4.2.1 Ground ice and
.. potential thaw. subsidence:

The primary factor influencing thaw lake occurrence
is the presenoe of excess ice within unconsolidated sediment.
If the volume of ibe within frozen éround is known, then
the potential thaw subsidence resulting f}om a given depth
of thaw may be calculaied (e.g. Hussey and Michelson, 1966;
Sellmann et al., 19?5). Oboorvations of ground ice distri-
bution in the Sochs River lowlands enable calculation of
ground ice volume, based on a methodology developed by Brown
(1967) in northern Alaska and subsequently applied by Pollard
and French (1980) in the- Mackenz1e Delta area. Following
these authors, the dominant components of total ice volume
are believed to be wedge ice, segregated ice and pore ice.

. To determine the contribut}qn of pore and segre-~

gated ice, gravimetric ice content (W) and excess ice
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.confent (E) of sediments were sampled at 50 cm vertical

4,

'intervals within three coastal permafrost sections, located
H . N

approximately 4.0 km southeast of Sachs Harbour. Volumetric
ice content (Vi} was calculated following the methodology

of Pollard and French (1980, p. 511):

-
Vi (8) =V x 100/ (v, - V) (1]
where, v, =W + (0.009W) [2]
and | Vs = Yd/Ps | (3]

(where: 2Vi = volumg of.ice, VS = volume of so0il solids,

Yd = d;y soil weight, P5 = part%cle denéity). The contri-
bution of wedge ice to the ground ice profile is complex,b
since both active and inactivé (i.e. buried}, ice wedges
occur in this area. Analféis of ice wedge distribution

in pérﬁafrost sections, together with measurement of polygon -

diameters along a 2.0 km coastal transect, suggests that

active epigenetic wedges account for abproximately 15% by

///rvolume of the upper 7.0 m‘of permafrost. Smaller wedges,

truncated at the base of the organic horizon 1.5;2.0 m below
surfac\, account for a further 5% by volume. At depths
betwée§§5.0 m and 10.0 m, inactive epigenetic wedges
developed within the gréy silty sand, together with basal
sections of active ﬁedges;‘occpby'approximately 11% of perma-

o

frost.

-
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Typical values of V, and E for the upéer 8.0 m of
permafrost in the Sachs River lowlands are shown in Table
4.1. It is likely that these data,reéresent maximum values,
as ice wedge volume may have been overestimated. Mackay
{1977b) notes that, where ice wedges are measured in linear
exXposures, apparent widtﬁ is greater and apparent spacing
less than true values. As a first app;oximation, howeyer,-
the present analysis suggests that ;ce may constitute 58.9%
of the upper 8.0 m of permafrost. Total thermal degradation
of .this material may resultjjlthermokafst subsidence of
at least 3.0 m. This is consistent with figld observations
which suggest that most thaw lakes on southwest Banks Island
range from i—3 m in depth. _Howéver, several=large iakes
in the Sachs Rive; lowlands may be considerablyrdeeper.

For example, the estuéry of the Sachs River consists in

- part of drowned lake basins which are between 30 m and 40 m

in depth (Canadian Hydrographic Service, 1972). It is
unlikely that they could have formed solely by melt-out
of ground ice and may instead represent kettle lakes, formed

by degradation of buried glacier ice.
...f

4.2.2 Thermal effects
The development of a thanlake produces a heat reser-
voir which substantiallf disturbs equiljibrium geothermal
éonditions (Chekovskii and Shamanov, 1976; Chizov, 1972:
Grigor'yev! 1959; Mackay, 1979, pp. 29-30). An important
distinction exists betﬁeen shallow lakes, with aepths less

than the maximum thickness of winter ice cover, and deeper
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"
lakes. Since the former freeze cbmpletelxﬁﬁg winter, the
mean annual lake bottom temperature may bé-alﬁost as low
ars that of the surrounding tundra. A talik cannot develop
benéath such lakes. If, however,\a lake remains unfrozen
at depth throughout the winter, mean annuél la%e bottom .
temperature‘is positive and ; talik forms. Sellmann et
al. (1575) suggest that, gs a thaw basin deepens, it is
in the central zone that ?ater depth first exceeds maximum
winter ice thickness. Thus, the talik forms first beneath
thg centre of the basin, promoting rapid thaw subsidence,
whiie the sublittoral zon;slof the lake, which continue
to_freeze in ﬁinter, remain as shallow shelves. This pPro-
vides‘a possible explanation for the bipartite structure
of lake basins observed in Alaska and the Mackenzie Delta
{Carson and- Hussey, 1962; Mackay, 1963a, p. 45), and also
visible on air phqtos of . the Sachs River lowlands (Figure
4.2). If thermal disturbance is sufficient,‘a through- ~
going talik may develop, completely perforating the perma-
frost. Mackay (1979, p. 30) suggests that, as a first approx-
imation, lakes with minimum widths of twice the undisturﬁed‘
permafrost thickness willrbé underlain by throughgoing
taliks.

The chief factor determining the thermal influence
oleakes on underlying permafrost is the mean annual tempera-
tuFe of bottom sediments. Thi¥ is relaged to the lake

thermal regime, itself a function of regional climate.

Although no systematic records of lake temperature are
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available on southwest Banks Island, ice cover has been moni-
tored on a small 1ake-(approximately 500 m in radius}),
located close to the Department of Transportation facility

on the Sachs

arbour ridge. During the period 1958-1981,
open watep” conditions have existed, on average;.for 70 days
between/ July 07 and September 16 (Table 4.2). Ice breakup
is 1n1t ated on average a full month before the lake is
cempletely open. A maximum ice thickness of approximately
2.0 m is attained shortly prior to breakup. Although ice
cover is likely to persist laterlon large} lakes, it may .
be assumed that these data are.representative of most lakes:
on southwest Banﬁs Island.

Few c0mprehensive.thermal surveys of arctic lakes
have been undertaken, however some date are available which
allow estimation of mean lakeltemperatures, given a know-
ledge of ice cover. For example, Brewer (1958) measured
water and bottom sediment temperatures in Imikpuk Lake, -
Alaska. This lake, which is 1.1 km long and 0.7 km wide,
has a maximum water depth of 2.8 m. Qeésurements indicate
that, during the open water period, the lake is essentially
isothermal. . Durlng the perlod of ice Fover, the lake bottom
at depths greater than 1.98 m (the meximum winter ice
thickness) remains at alfemperatum?/of between 0.5°C and
1.5°C. However, beneath sha;low'dreas of the lake, which

¢ -

are completely frozen in‘winter, bottom sediment temperatures
!

fall below 0°C. Thus, the mean annual temperature of bottom

sediments may range from-5°C or less close to the shore,
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"to “between 1.5°C and 2.0°C néﬁr~the lekebcentre.

A similar thermal model is probably applicable to

lakés on southwest Banks Island. Wlthln the unfrozen portion

of deep lakes, bottom sedlment temperature is likely to

range from zero' to l 50C durlng the winter period of ice
cover. During the open water period,dmean lake temperature
is closely related to mean air temperature, and probably
ranggs'from 3.0°C to 5.0°C. :Mean annual bottom sediment
temperature is thus likely to 1ié between 0.5°C and 1.5°C.
Shallower lakes will heve.correspondingly louer mean annual
bottom temperatures, depending primarily on tﬂe duration

of bBottom-fast ice. -

These data may be useu to preaict the impact which
thaw lakes have upon the ground thermal regime. Equi}ibrium
peothermal conditions may be computeé using numericai simula-
tions based on heat conduction theory (e.q. Smlth 1973;

1977; Smith and Hwang, 1973). For the purpose of geothermal

-

'analy51s, thaw lake terrain may be divided: into two reglons,

,f‘

lake and tundra. Subsurface temperature at any point is

then determined by the extent to which the lake component

"modifies the tundra ground thermal regime. Ground tempera-

ture, T, at depth, z, may thus be calculated from the summa-

tion of three factors:

b

]
il

T +z.Q +6 [4)
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where: | . _ ! /
N : : ./
Ty = undisturbed equilibrium surface temperature;
z.Q = the 1ncrease in temperature with depth ‘due

to “the geothermal gradient, Q;

B - = the increase in temperature due-to the pre-

sence of lakes.

. i
-

- Lachenbruch (1957a) has developed a solution for 6, which
may be applied directly to the thaw lake problem. Under

1ong-term equilibrium conditions, the solution may be stated

as:
0,
8 = (T - T,) L - (5]
N ] I N S IR R VAE
where: _
-~
i‘ Tl = mean annual lake'bottom temperature.

.

_— i’
M

ﬂ

The first term in this expre551on represents qhe dlfference
'between equrilbrlum Yake bo m and tundra sur%&ce tempera-
tures - The second term represents a summation of lake tem—
perature influence at the common apex of sections of a
circ&lar annulus'of ientrar‘ﬁgg}b A, and inner and outer
radii, Rl and R2 (see Brown, 1963; Smith, 1973, p. 59}.

On southwest Banks Island, ground temperatures are fur;her‘
modified by proximity to the Beaufort Sea. Under equfli-
brium conditions, Laohenbruch (1957b) showed that the thermal’
effect df an ocean at a dlstance, d, from the shoreliTe
' i
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and at a,depth, z, below surfaée, is approximated by:
o - _l/ ‘/
i - - tan z/d
- a= (T, - Ty 180 el
where:
T = mean annual sea bottom temperature.

s

Two models of lake thermal influence may be derived
from equation [5L§Ebaéed on previous analyses by Mackay
(1963a, pp. 78-80) and Smith (1973, pp. 65-72). The simplest

application is to consider the thermal disturbance beneath

he centre of a circular lake of radius R. Then, R, = 0,

R2 = R, and equation [5] reduces to:

Py, T T T |- ﬁﬁ‘]ﬁ’ < (7]
The first model uses this relationﬁhip to calculate equili-
brium thermal conditions'beneath thaw lakes and is, for example,
primarily of use in-egtimating maximumrtal;k depths asso-
ciated with lakes of‘varying dimensions. The second model
- uses.eéuafion [5] to calculate the thermal contfibution :
of lakes to the grbund temperature field at any point. .Pro-
| gram listings for both models are presented in hppendix
B. |
The following assumptions are implicit in both mo-
dels: Fi%st, heat transfer takes place by conduction alone;
thus for example, convective_heéﬁ transfer'within'iakes
1s not considered. Second, earth materials are homogeneous

T
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in both space and time with respect. to thermal propertles.
Thus, for example, the 1atent heat effecfs‘associated with
water-ice phase changes are not consl&ered. Third, ground
temperatutes are related to current climatic conditions,
which have not changed sign}f};antly during the period re-
quired to establish an equilibrium geothermal regime.
The flrst model was tested by comparlson of observed

/
Alaskan coastal plain regions. Assumed values cf thermal

\/ and predicted talik development, in the Macken21e Delta and

parameters are listed in Table 4.3. 1In the Mackenzle belta

-area, lakes greater than 85 m in radius are predlcted to

possess throughg01ng taliks, which perforate the estlmated

100-150 m of permafrost These results are consistent with

field observations in this drea (Brownﬁetﬂa‘., 1964;.Johnston
and Brown, 1961; 1964; 1966; Smith, 1973). In‘no;thern
Alaska, the model predicts that a critical lake radius of
300 m is required to generate a talik which perforates the
estimated 300-400 m of perﬁafrost This suggests that Imikpuk -
Lake should possess a throughgoing tallk rather than an

o °Pen  talik as indxcated by Brewer (1958). This is not
thought tc be a fault of the nodel, but rather maf indicate
that permafrost temperatures in this region are in disequili-

brium with the present cligate (see, for example, Lachenbruch3

and Marshall 1969) When applied to southwest Ba\ks Island,
»

the model indicates that deep lakes which are greater than -

700~800 m in diiﬁeteé‘are probably underlain by through-

going taliks. Lahes greater than 2.0 m in depth, but below®

N
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this threshold diameter, are underiain by open taliks
of varying dimensions {Figure 4.3).

The second model was used to construct a geothermal
transect across the Sachs River lowlands, to-illustrate
‘the considerable thermal influence of thaw lakes in this
a;ea.(Figure 4.4). Maximum predicted permafrost thickness
is 450-500 m beneath land and 50-60 m offshore.f.Howeyer,

Fa

both the upper and lower permafrost boundaries vary greatly
in depth, due to the influence of water bodies. Be;;ath
lakes approximately 50 m in radius (for exémple lakes A
and C on Fiéﬁre 4.4), thé thermal disturbance extends down-
wards for 100-150 m and si ‘low-taliks are developed.A Beneath
lake B, which hqs a radius of approximately 250 m, the upper
permafrost boundary is éepressed to form a 40 m deep_talik.
The thermal influence of this.iake is also sufficient to
raise the lower permafrost boundary. If lake B were 50%
larger, the permafrost 5oundaries would heetnto form a narrow
'héur-glass' talik. Lakes greater than 1.0 km in radius
(for example lakes D-and E in Figure 4.4), méy_be expected
to poésess throughgoing taliks under equilibrium conditions.
The thermal influence of such lakes is very extensive; for
example, although permafrost exists beneath thelnarrow
isthmus which separates lakes D and E, it is predicted to
extend only 250 m below surface. n

) Models of this type are liﬁéted by their  inability
to predict disequilibrium permafrost conditions.- In many

regions, permafrost temperatures are related to past
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Figure 4.3 Predicted equilibrium talik dimensions beneath

circular thaw lakes on southwest Banks Island. . -
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Line of sactien A=-E Lakes

~ =~ Mean annual isotherm °C D Permatrost

Geothermal transect across a part of the Sachs River lowlands.
(a) Air photograph showing terrain conditions along the

line of ééctioir{gfrts of A 15980-31, 66).

(b) Predicted equilibrium mean annual ground temperature
field.

Figure 4.4
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climatic conditions. The downward penetration of a thermal
wave is such that a lag develops progressively with respect
to surface temperature. For example, the deoth of perma- .

frost aggradation into unfrozen sediments is approximated

by:
z =b Yt ' (8]
p .
where:
zp = permafrost thickness;
b = the constant in Stefan's heat conduction
equation;
t = elapsed time since initiation of permafrost
growth.

In areas of thaw lake terrain, digequilibrium thermal gon- .~
ditions may be related to both lake development and drainage.
For example, Mackay (1979, p. 30) estimates that a thdwf
pericd of 10,000-20,000 years wouid be required to form

a throughgoing talik in 500 m of permafrést with a mean
surface temperature of —l0.0°C." In the Mackenzie Delta

area, temperature anomalies .of 2-3°C commonly exist beneath
lake basins more than 100 years after drainage. Substituting
values of b = 2.0 - 3.0 in equation (B8], it follows that

a 100 m talik beneath a drained lake may require 1,000-2,000
years to freeze completely. In spite of these limitations,

thermal modeiling provides a useful tool in the study of
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thaw lake terrain. For example} predicted talik dimensions
may bF used to estimate the effect of thaw lake development

on regional permafrost stratigraphy.-

4.3 Basin stratigraphy and age

Coastal truncation of thaw lakes in the vicinity
of Sachs Harbour provides a unigue opportunity to examine
permafrost stratigraphy beneath drained basins. This may
be interpreted to reconstruct pqleéenbironments associated
with thaw lake evolution. One section, located app;oximately'
4.0 km southeast of Sachs Harbour (71°57'N, 125°14'W) was
examined.in-detail in August 1980. At this local%Fy, an
elongate bas;n has been truncated acrosé its short axis
ané is now drained completely, with the excep£ion of a‘small
residual pond approximately 100 m from the coast. Along
the line of the coastal section, the basin is 420 m wide
and has a maximum depth of 5.0 m. A number of stratigraphic
sections, spaced at irregular intervals across the basin,
were examined in the 3.0-9.0 m high sea~-cliffs (Figure 4.5).

On either side of' the basin, the stratigraphic
sequence is similar to that described previously (see pp. 62-
66) . At least 5.0 m of grey silty sand is overlain by
1.0-2.0 m of yellow-brown medium sand, with a detrital organic
horizon within the contact zone. Surface sediments consist
of between 0.2 m and 0.4 m of humiferous eolian sand.
Beneath the central part of the basin, a seguence of stra-

tified lacustrine sediments is exposed (Figﬁre 4.6a). These
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reach a maximum thickness of 1.6 m and consist of laminated
organic s11ts with a basal horizon contalnlng 1ntact gastro—
pod and pelycypod shells (Figure 4.6b). This unit is over-
lain in places by up to 0.6 m of fine to medium ripple cross-
iaminated sand. Both units dip inward towards the basin
centre and are overlain unconformably by eolian sand. Lenses
of blocky blue-grey'clay, ap to 0.8 m in thickness, flank
the laminated organic sediments on each aide of the basin.
_Beneath the lacustrine'sediments, the stgatigraphy consists
of.grey non-oxidized sand overlying grey silty sand. These
sediments contain 40-50% less excess ice than equivalent.
materials outside the“lake basin,

This lithostratiéﬁaphy illustrates several stages
of thaw lake development ;nd drainage. A thermokKarst origin
for this basin is indicated by the vertieal eompression
of the'stratigraphy beneath the basin and by the reduced
ice content of these sediments. For éxample, the detrital
organic horizon} which occurs normall§ at an elevation of
-appreximately 6.0 ﬁ a.s.l., dips to 0.5m a.s.1l. beneath
the basin flank and is probably beneath sea level in the'
central parh of the basin. Since this lake may have been
up to 5.6 m in depth and 200 h in Fadius, it almost cer-
tainly possessed a talik (see Figure 4.3). The stratigraphic
evidence suggests thaw:subsidence of at least 5.0-6.0 m;

given the high initial ice content of the 511ty sand (see

Table 4.1), thls is certainly feasible,
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Ben;éﬁh the central part of the basin, deepfwater
sedimentation resulted in accumulation of a sequence of
laminated orga;ic silt.. The clay flanking these sediments
may representﬂmgrginal mud-flat deposits. The fipple Cross-
laminated sand; which overlies the basin sediments, indicates
an abrupt change to a higher energy environment, character-
ized by bottom currents and/or wave action. These sediments
probably/represent a transition to shallow water conditions,
during or subsequent to-dake drainage. - Sinée this basin
was truncated by coastal retreat," it is péssible that some
of this sediment represents an over@ash deposit, transported
during.storm events into a shallow lagoonal environment.
Following emergence, a thin layer of eolian sand was depo-
sitéd on the lake floor. The unconformable contact between
eolian and lacustrine sediments sugéests that the latter
were subject to a period of deflation prior to the onset
éf net deposition. THis process may be observed at other
sites of more‘reéent lake drainage in the Saché Rivertlow-
lands. “

A number of radiocarbon ége determ;nations relate
to thaw lake development on southwest Banks Island (Table
4.4). Organic material collecteé frdm the basal horizon
of lacusfrine'sediments in the,éectionldescribed above yields
a *c date of 8,560£210 years B.p. (GSC-3292). This pro-
vides a maximum age for the initiation of lqké sedimentatiop

at this site. At a second. locality in|thé Sachs River low-

lands, Vincent (1980, pP- 237) obtained a 14C date of
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/§{3§01140 years BTP' (GSC-zsz) from peat underiying lacus-
trine eediments within a.drained lake basin. 1In 1974, a
coastal exposure approximately 4. 0 km west of Sachs Ha/bour
allowed examination of frozen silt beneath a drained _lake
basin (H. M French, personal communication) The' silt

4

contained blocks of fibrous organic material, which yielded
a Yic aate of 9,490180° ‘years BIP. (GSC-2364). This may
.indicate a maximum age of talik development at this locality.
It seems 11kely, therefore, that many thaw basins
10oeted/1n the -lowlands west and southeast of Sachs Harbour "
were initiated approx1mately 8,000~ 9,00Q years B.P.1 Thls
period corresponds to an early phase of the mid-Holocene
climatic optimum, during which warmer air temperatures may

have triggered the melt-out of bnried ice. This conclusion
'1s consistent with that of Rampton and Bouchard (&975;‘Rampton,
1974), with rESpect to the origin of thaw lakes on the
Tnktoyaktnk Peninsula. gi\f;

By contrast, many thaw lakes within the Kellett
‘valléy are developed upon river.terraces which probably
'post-date the climatic optimum. It follows, therefore,
that thaw lake development in this area must have occurred
;during a more recent period of cold climate conditions.
At that time—a network of iceZWedge polygons may have formed
on the terrace surface, faollitating the ponding of water
bodies and initiation of self-sustaining thermokarst. It
is significant in tnis_respect that the majority of small

lakes in’ this area are located wholly within low~centred
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polygons. A similar mechanlsm has ‘been invoked to explaln
the formation of many small thaw lakes-in the. Macken21e

Delta area.(Mackay, 1979, p. 31), whlle Gravis- (1978) also

_suggests that perlods of thaw .lake development 1n the nor-

1

thern U.S5.5.R. may be correlg;ed with cold climate conditions.

4.4 Lake morphology -

4.4;1 Distribution and size

Oon eouthWest Banks Island, high concentrations of
lakes occur in two‘hajor areas (Figure 4.7); To the nbrtq
of Sachs Harbour, lake cover eiceeds 20% in some parts;ef
the Kellett RiYer”yalley, with highest concentrations
occurring on iow terraces above .the present floodplain
(Figure 4.8). Numerous small ponds occhpy low-centred poly—
gon:sites, while larger .lakes have formed by bae%n coaleécenee
following breaching of the polygon ramparts. Southeast
of Sachs Harbour, the Sachs River lowlands are'éha;acterized
by a number of large lakes,_greater than 1.0 km in diameter,
together with numerous smaller tundra ponds® Most of this
area has-a lake cover in excess of 20%, rising in some places
to over 50%. While both areas contain a.similar proportion of
small lakes, phe Sachs River Iowlands also contain a smali
éercentage'of lakes which are a full order of magnitude
larger than those oecurriné within the Ke{}ett River valley

(Figure 4.9).
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L4 .
Few comparative data exist with respect to thaw

" lake morphometry. This is surprising in{view of the wide-

spread application of morphometric analysis thaw
lake problem. Sellmann et ai. {1975) present histograms.r

illustrating -lake dimensions within a number of terrain .

"subdivisions of the Alaskan coastql plain, and it is

interesting to compare these to the Banks Island data. As
these authors utilized satelllte 1magery in their analy51s,
‘the minimum lake dlameter discriminated is correépondlngly
large, 50& m. On southwest Banks Island, only 55 lakes
exceed this diameter, all 19bated within thé Sachs River
lowlands. Comparison suggests rhat, first, the Banks Island
lakes are ciose to the small (L3) Alaskan lakes in size

and, second, the range of lake size is much greater on Banks

Island (Figure 4.10) ., ‘ ‘ )

4.4.2 Equilibrium morphology
Whlle the initiation of thaw basins 1sua function of
subsurface thermal and ground ice condltlons, the subse-

quent development of basin morphology is controlled by.geo—

morphic processes. In the absence of pronounced topographic

control, basin morphology may be regarded as representing

&a
a quasi—equilibrium geomorphic condition.

Many thaw lakes possess an equilibrium shape which,

-in its simplest forp, is expressed as a preferredllong-

axis orientation (e.g. Black-and Barksdale, 1949; Carson
and Hussey, 1962; Mackay, 1956). Random sampling indicates

that 84% of lakes in the Sachs River lowlands and 97% of -
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, | P
lakes in the Kellett River valley have a measurable long-

axis orientation (defined by a length-width ratio greater
than 1.1). Mean lake elongation is 1.53 in the Sachs River
’lowlaods as compared to 1.92 in the Kellett River valley
(Figure 4.11). This disparity is partly . accounted*for by
the prevalence of basins in the latter area which have coales;ed
in the direction of elonéation. Lake orientation patterns
are similar in the two areas, with a major noroheast—southwest
component and a minor perpendiculor component (Figure 4.12).
The "‘Kellett River valley lakes display a very low degree
of variance in orientation, with approximately 60% of long
axes possessing azimuohg'between 230° and 240°, —
.Detailed morphological analysis requires the defini-
tion of shape cotegories. Since some lakes have a siméle
shape, while others possess intermediate characteristics,
a two-level shape classification was devised to describe
‘lakes on southwest Banks Island. First, a number of primary
morphologies were identified from air photographs. These
were defined as circle, oval, ellipse and rectangle, based
in part on shape categories used by Mackay (1963, pp. 47-
50} to deocribe lakes in the Mackenzie Delta area. A
D-shaped class was added to describe highly asymmetrical
elliptical lakes and a 'complex' category was established
to include irregular or multiple basins. Second, where
lake shape is intermediato bétween two categories, the next
closest class was used to define a secondary morphology.

Thus, for example, a circular lake is defined as
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Thaw lake elongation, southwest Banks Island.
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A Sachs River lowlands

B Kellett River valley

Figure 4.12° . Thaw lake orientation, southwest Banks Island.
Note: R; and Ry are opposed vector resultants of
the summer storm wind regime at Sachs Harbour.
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circular/simple, while an equidimensional sub-angular lake
may be classified as.circular/rectangular. This procedure
establishes a matrix of 36 shape categories. Analysis of
.rendom samples of 100 lakes suggests that, in the Sachs
River lowlands, complex, elliptical or-D-sheped morphological
typee are most common (Table 4.5a). 1In the Kellett Rlver
valley, primary morphology is predominantly complex, reflec-
ting the high frequency of coalescent basins. However,
over 50% of lakes possess a D-shaped element (Table 4.5b).

Under equilibrium condltlons, it is probable that
a lake basin will develop an outllne consisting of a number
of smoothly curved bays (Mackay, 1963a, p. 52). This form
should be widespread and develobed upon a range of su}face
materials. _On southwest Banks Island, lakes of the D—shape.
category moet consietently satisfy these criteria. The
D-shape is, in feot, curvilinear; the 'straight' segﬁeht
forms approximately half of an extremely flattened ellipsei
while thHe opposigg 'bow' segment forms a broad semi-ellipse
or‘semicircle. Non-dimensional analysls of D-shaped lakes
of varying size in the Kellett valley indicates only slight
variation in shape (Figure 4.13a). It is suggested, there-
-fore, that this shape represents the]equilibrium form of
thaw lakeS on southwest Banks Island. ‘m

The development of equilibrium morphology and
.orientation is not restricted to arctic thaw lakes (see

e.g. Kaczorowski, 1977;-Price, 1968), and it follows that

the presence of permafrost serves only to modify the action

L

T
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Orientation - 237° L

Elongation - 1.48

k ?-'-I‘

Orientation

Elongation - 1,54

(B)

Figure 4.13

* Equilibrium thaw lake morphology, southwest Banks Island.
(a) Observed morphology, based on analysis of five.
D-ghaped lakes in the Kellett River valley.
(b) Predicted morphology, based on calculation of
equilibrium bays related to the summer storm wind
regime at Sachs Harbour. :
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of essentially azgnal processes. A number of possible orien-
ting'mechanisms have been suggested which fall into two
broad categories, relatea either to the geoiogic setting
of lakes or to:surface end atmospheric processes operating

upon them. Bedrock structure is believed to ‘control the

shape of some oriented lakes (Plafker, 1964; Short and Wright,

. 1974); however, this factor may be discounted on edﬁthwest
Banks Island where lakes are developed upon a thick sequence
of unconsolidated sediments. Thaw laké® which are initiated

.

as ice Wedge junctlon ponds,~or tundra pondﬁ 1ocated within
low-centred polygons, may possess an orientation- related

to a former %ce wedge network (Carson and Hussey, 1959-
Tolstov, l966):i However, it is llkely that this orlentatlon
would be substantially modified durlng ba51n expan51on and
coalescence.

In all probability, £hérefore, the‘pteferred orienta-
tion of thaw lakes on southwest'Banks Island results from
‘the operation of geomorphic processes. This is true, for
example, of thaw lakes in northern Alaska and the Mackenzi@l.
- Delta area, where the majority of-lake basins are oriented.
perpendicular to prevailing wind direction (e.g. Black and
Barksdale, 1949; Carson and Hussey, 1962; Mackay, 1956a).

It has been shown that this relgéionsﬁib is a funétion of
wind—genefated lake circulation (Livingstone, 1954; Rex,
~1961) .. On southwest Banks Island, the mean ;eng-axis
orientation of thaw iakes bisects‘the vector resultants

of the opposed summer wind regime (see Figure 4.12). In

I3 e

N
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particular, the long'axes of D~shaped lakes; which'extend
-parallel to the 'straight' shoreline segment, have an
orlentatlon almost exactly perpendlcq}ar‘to the’ northwest-
southeast wind resultants.

4.4.3 A process-response ' "
' model of lake morphology

-

i

Since lake orientation_appears to be sYstematically
related to wind direotion, an understanding of equilibrium i
mOrphology may be based oh models of W1nd-QEnerated wave
and current distributions. It has been shown that the
equ111br1um fora:of a shoreline developed in unconsoclidated

sediment is a cy0101d w1th1n which erosion is greatest

in zones prlented at 50F to wave approach (Bruun, 1953).

—N\

Mackay (1963a,pp.53454) proposed a simple process-response
model of lake morphology, based on the assump;;y% that winds
from each compass point tend to develop cyclo ;al bays.

In thls way, equ111br1qm morphoIogy ﬁay be regarded as the
integrated form of a number of cyclolds of different size.
Assuming that the dlameter of tle cyclold generatlng circle
is proportional to the wind resultant, R, in that direction,
it follows that the vector ieﬁgths of the cycloid at angles
of 22.5°, 45.0°, 67. 5°_and 90.0° are approxlmately l 04R,

1. 16R 1. 36R and 1.56R respectively Lake radius in any :
direction may thus be calcdlatea by summation ofﬂnine indi-
vidual vector components., a2

This model was tested with respect to thaw lake

morphology on southwest Banks Island, using seasonal wind
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data from Sachs Harﬁour'(see Table 2.2). Predicted”lake
morphology is elliptical, with a length~width ratio of 1.23
and a long-axis azimuth of approx1mately 247°, Although
this rov1des a2 good first approximation {o observed lake
morph:;ogy, a much, closer %préespondence is obtained if

only storm wind data Ere used. In this case, the model

predicts a D-shaped lake, with a iength-width ratio of 1.54

‘and ‘a long-axis azimuth of approximately 237° (Flgure 4. 13b)§

The 51gn1ficantly better fit suggests that storm events
play a major role in shoreline evolution.

_ Fieid observations made at a typical D-shaped lake
in the Kellett River valley (72°04'N, 125°33'W) tend to
support this.model; Shoreliné'characteristics are closely
related to the inferred pqttern'of wind-generated littoral
drift fFigure 4:14). At the northeasz'and southwgs£ corners
of the lake, and along the southeastern 'bow’ segment,
shoreline morphology is predomin;ntly erosional. The 10~50 cm

high shoreline bluff.is*undercut and terrace gravels are

. -
exposed in the lake bottom (Figure 4,15a). By contrast,

“the ! stﬁalght' shoreline is characterized by a broad, 1low

angle dep051tlona1 flat (Figure 4.15b). According to Rex's
(1961) model of lake circulation, this is expected to be
a zone of minimum littoral drift under prevailing wind .con-

ditions.
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Kellett River floodplain

Terrace

i

EceefEEf" AN Tecr'éce
. ‘ ' Y ) "
TYR

X . Y

; [ M‘Thaw Lake .
m s e -

0 m 300
(B) ) |
[T : - 7 - - .
SHORELINE TYPE' LITTORAL DRIFT ZONES
D Depositional Nodal tone of zero drift

E]' Erosional . E Zones of meximum dritt

Figure 4,14 'Geomorphology of a D-shaped lake, Kellett River valley.
. Coe Note: The location of this lake is indicated-on Figure 4.8.
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4.5 Lake drainage

AL

Within areas of thaw lake terrain on southwest Banks
Island many basins are either partly or completely drained.
The mechanlsm of thaw .lake drainage therefore represents
an.important aspect of the more general problem df thaw ) ‘
lake evolution. Two model§ of lake dfainage have been pro-
posed. Thg ﬁ;rst consists of slow infilling, segmentation
and revegetafion (e.qg. Kaczorowski, 1977, p. 111}, While
the second consists of catastrophic outflow, fo;lowihé lake
tapping or truncation by coastal retreat (e.g. Mackay, 1979,
p. 31; Walker, 1979; Weller and Derksen, 1979). on southwest
Banks fsland, evidence points strongly to thé importancé

of the latter model.-

4.5.1 Lake taﬁping

Catastrophic lake drainage may result from tapping
by headward eroéion'of streams or by coalescence with a
basin at a lower eleﬁatioﬁ. Once flow is initiated through ‘//
the new outlet drainage may be extremely rapid. Although
no measurements have been made of a lake draining under
natural conditions,.discharge rates of 10 - 20 m3. s‘l
were récorded during the artificial drainage of Illisarvik
Lake in the Mackenzie Del;a (Mackay, lQBl)._ This results,
in the formation of box-canyon outlet channels, character-
ized by steep bluffs and flat floors, which may be incised
into the former lake bed. Féllowing lake drainage, these

channels may be either dry. or occupied by misfit streams,

»
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-~ In the Sachs River lowlands,”a number of?lakes appear
to heve been drained by this mechanism. For example, to the
west of Fish Lake, approximately 30 km southeast of Sachs
Harbour, a series of small lekes have drained by a combina-
tion of stream tapping and basin coaleseence (Figure 4.16).1”
The lake adjacent to Fish Lake is particularly interesting,
since it agpears to have been affected by two distinct
drainage events, indicated by the occurrence of box-canyoh
drainage&qgtlets. One channel, whlch is deeply incised
into the former lake floor (Figure 4. l7a), may be associated
with bifln capture by Fish Lake, the level of whic¢h is at
present approximately 20 m beneath‘the drained lake floor.

A second, shallower drainage outlet is‘lbcetediat theé south-
east end of the basin‘(Figure 4.17b). This channel links
the basin to a second drained lake and forms part of an
integrated drainage network, discharging into Middle Lake

2 km to the northwest. The.eequence of drainage events

at this locality is not known.
AN

T—
. 4.?;3// Truncation by coastal retreat
{////"fruncation of thaw lake basins by -coastal retreat
-also results in eataetrophic lake drainage, accompanied

in some case::By marine inundation of all or part of the.

basin. For xample} in .the Sachs River lowlands immediately
souEheast o%‘Sacbs Harboug; a complex sequence of drainage
events is evidenced by the distribution of drained or
inundated }ake babins, former lake bluffs and box canyon

drainage outlets (Figure 4.18). Analysis of air photographs

!

\/

L
{



1152

Thesiger

Figure 4.16 Air photograph illustrating lake drainage by basin
. . capture and stream tapping, Sachs River lowlands
: (Part of A 15980-25). Note northern 'A' and western
'B' outlets from basin 'X', described in the text.
Lake 'Y' drained catastrophically in January 1977 (see
PP- 155-157).,
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(a)
s
{b)
Figure 4.17 Outiet channels associated with the drainage of a small
basin near Fish Lake, Sachs River lowlands. July 22, ,1979.
(a) Drainage channel eroded into the floor of the basin,
. probably as a result of capture by Fish Lake (in
distance). Note figures for scale. ‘
(b) Shallow box-canyon located at the southeast end of

the basin, This forms part of an integrated drainage
network, discharging into Middle Lake.

o~
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Figure 4.18

Air photograph illustrating lake drainagt
truncation and basin capture, Sachs Rivegi
(Part of A 15980-65). “Wote: Permafrost stratigraphy
exposed beneath truncatéd basin 'A' is described in
the text (see secrion 4.3).

4,
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indicates that at least flfteen lake basins greater than
20 m in diameter are at present truncated by the coastline
of Thesiger Bay. Q{

r Few basins located within 50 m of the coastline
contain lakes and it is likely that drainage occurs prior
to coastal breaching, through melt-out of ice bodies (Figure
4.1%a). For example, two small lake basins, located approxi-
mately 5 km west of Sachs Harbour, ha;e drained through
gullieslformed by erosion along ite—wedge troughs. Analysis
of sequential air photo coverage indicates that the western
basin drained prior to 1950, at Wthh time the lake margin
was at least 45 m from the coast. Ground survey in 1979
showed that durlng drainage the ice- wedge trough was- enlarged
into a thermokarst ravine, 5.0 m in width and 2.0 m in depth
fFigure 4.&9b).- The eastern_.basin was drained at some time
between 1972 and 1979, when the shoreline was 20-30 m dis-
tant. ~This lake also discharged along the line of an ice—

wedge trough. - e

4.5.3 Lake drainage and ice-cored terrain
Within areas of ice-cored terrain, other mdthanisms
of lake drainage'may exrst, related to.the distribution
of ice bodiesl On eouthwest Banks Island, extensive areas
h‘within the llmlt of the Sand Hills Readvance may be under-
'laln by buried glacier ice (see PP. 97 989) . Under certain
circumstances, this may provide a subsurface outlet for
lake drainage. For example, one lake located approximately

40 km socutheast of Sachs Harbour (71°48'N, 124°35'W), was
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{a)

R S R (b)

. e ——
T o

Examples of drainage by coastal truncation, August 06, 1980,

{a)

(b)

Drained basin truncated by sea cllffs' approximately
30 km southeast of Sachs Harbour. . Note the deep
gully eroded during lake drainage.

Small drained lake basins, located approximately

4 km west of Sachs Harbour Note the rectilinear
outlet channels developed along ice uedge troughs,

-
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observed by an Inuit during a-ﬁeriod of catastrophic drainage
in early-January 1977 {(David Nasogaluak, personal communica-
tion). At least partial lake drainage was indicated by
collapse of the ice cover. Although this was accompanied

by considerable noise, no surface flow was observed. The
lake was visited by D. G. Harry and H. M. French in-July
1979, at which time the basin was partly.}iiled (Figure
4.20a). The minimum volume of water lost, given by the
product of’basin area and observed drop. in lake level, is

6.6 x 105m3.

Although the lake is located within 100 m

of thin or discontinuous permafrost, res

tion of thaw sinks (e.g. Hopkins, 1949;

glacier ice.

A9

4.6 Summary

A number of researchers have advanééd the concept N
of a thaw lake cycle {e.g. Billings and Peterson, 1980;
 Britton, 1966; Everett, 1981; Tedrow,.-1969), consisting

. S
of sequential stages of initiation, expansion and drainage.



.o 158

i rrleamar e e et

- : . - (b)

Figure 4.20 Partially drained lake within the Sand Hills area of ice-

cored terrain. July 22, 1979.

(a) Lake shoreline photographed July 22, 1979. Note
minimum 3.7 m drop in lake level.

(b} Evidence of recent collapse at the southeast corner
of the lake. During catastrophic outflow in
Janvary 1977, water may have drained into a cavity
within buried glacier ice. (See Figure 4.16 for
vertical air view of this area in July, 1958).
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However, observations made on southwest Banks Island suggest'
that such models are by no means ﬁniversally applicablegj

It seeme; rather, that arﬁumber of alternative models of -
thaw lake development are possible,'inure;ponse'to a deli-—

cate equilibrium between proceés!‘materials and morpﬁclogy.

On southwest Banks Island, thaw lakes appear to
have originated by melt-ocut of ground ice"during'a mid-
Holocene period of climatic amelioration, or by ponding
within ice-wedge polygons developed during subsequent cold
climate'conditions. It is also possible that some of the
largé,.deep basins within the Sachs River lowlands originated
by melt-out of buried glacier ice. Once a lake basin forms,
the thermokarst process may become self-sustaining, since
each increment in basmn size increases the geothermal distur- °
bance associated with the lake. The maximum size of baSlpS
is thus llmlted onlyxby the potential thaw subsidence of
underlying sediments.

In the absence of topographic control, lake expaneion
is strongly influenced by wind-related patterns of wave )
and current erosion, resultlng in the development of a pre-
ferred long-axis orientatiog?\,The sensitivity of this pro-
cess is demonstrated by the relative rarity of oriented
lakes elsewhere on Benks Island. For example, thaw lakee
developed upon terraces within the Big Rlver valley, only
50 km north of Sachs Harbour:nshow ‘no evidence of preferred

orientation (see Figure 4.1c). . It would appear that the

development of preferred-orientation is-dependent on the
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existence of an opposed summer wind‘regime, unmodified by

local topogréphic.effects.‘ For example, within the Kellett

4

valley, a marked eastward reduction in the occurrence of

preferred orientatioh occurs, presumably as a result of

the progre551ve 1ntrenchment .0f the valley and consequent'

dlsturbance of the wind.regime. .

-, It has been suggested that the orienting mechanism
may also.-result in migration of thaw lakes across the tundra
surface (e.g. Sukhodrovskii, 1960; Tedrow, 1969; Tomirdiaro
and Ryabchun, 1978). No evidence'of Egis phenomenon was
found on southwést Banks-Island; " Wind-generated patterns
of shoreline erosion have resulted in asymmetrica}‘expansiOn
to form D-shaped lakes; rather than causing an overall trans-
locétion of the basin. Thaw/ lakes in this area appeag,

therefore, to represent quasi-equilibrium landscape elements.
. o - i

e}

-

4 SRR - §
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CHAPTER FIVE .
COASTAL CHANGE IN ICE-RICH

PERMAFROST TERRAIN

1



5.1 Introduction

" Much of the coastlipe of southwest Banks Island

is developed ia ice-rich'unconsolidated deposits of fertiary
or Quarernary’age. Studies elsewhere.have shown that thaw
degradation of ice-rich permafrost cliffs, subject to wave
attack duriné&;he open water season, results 1n rapld coastal
retreat (Are, 1972; 1978; Grlgor yev, 1976, pp. 75-94; Harper,
1978; Hume et al.,=1972; Lewellen, 1970; MacCarthy, 1553;
Mackay, 1963b- 1972a, p. 9). At the same time, mOblllZathD
of sediment provides a source for\the development of construc-
tional shoreline features, for example spits and bars“(e.g:
Lewis and Forbes, 1974; McDonald and Lewis! 1973).

Several reconnaissance studies of coastal conditions
have been undertaken on Banks Island (Manning, 1954; Miles,

1976;. 1977; Stephen' 1976), however the coastllne adjacent ,

_to Sachs Harbour has not yet been descrlbed 1n detail.

Although this coastal zZone 1is c1a551f1ed as primarily wave-

erosronal (Beak Consultants Ltd 1978), areas exlst where

- depositional processes clearly dominate, partly as a result

of the shelter afforded by the Sachs River estuary. ‘In
other areas, however, the occurrence of truncated thaw lakes

and absence of cliff-foot debris accumulatlon, provide evi-

" dence of active coastal erosion.

162
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This chapter describes coastal morphology in the"
vicinity of Sachs Harbour, with- particulag-respect to the
influence of permafrost conditions. The'objectives are, -
first, to determine the nature®and rate of anstal erosion

! in an area of ice-rich permafrost and, second, to document
ﬂ‘ ' the evolution of depositional coastal landforms, which result
K from the release of ice—cemented cliff sediments. Detailed
investigations were restrlcted to the coastline between
Duck Hawk Bluff and the Sachs River lowlands. However,
a number of v151ts were made to Cape Kellett in order to

monitor high-magnitude pProcesses, which attajn their maximum

— ! ) . vl
level on, this exposed coastline. ’

-+ «

4,

\ . w
sﬁz Coastal erosion ,

5.2.1 Cliff materials and profiles
"Sea cliffs ip/ the vicinity of Sachs-Harbouf are
developed in poorly consolidated and frequently Lce rich
‘“permafrost sediments. Except at Duck Hawk Bluff, where
// Tertlary age sedlments outcrop, the CllffS are rarely more
' than 6.0 m to 8.0 m in meight. To the southeast of Sachs
| Harbour, clitfs are developed. in unconsoiidated fine-medium
sand,lthe rapid erosion of which provides a major source
for beach and spit nourishment. Coa3tal profiles, measured
in August 1979; 1ndicate/a close refationshih between cliff;
- and beach morphology (figure 5.1). For‘example, cliffs

behind Allen Creek spit are progressively less degraded in

/t,’\‘ . N
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Figure 5.1 Coastal proflles in the vicinity of Sachs Harbour showing
“ ' generalized Quaternary stratlgraphy

{b) Beach and cliff profiles (surveyed by M. J, Clark

agd W. H. Pollard, August 1-4, 1979},
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the direction of spit progradation (profiles, ,/A)
This reflects variation in the time since accumulatlon“o%\
a beach armour and cessation of cliff-foot erosion.

hThe nature of cliff‘and beach material is also an
important control on morphology. For eiample _cliffs wesg S
of Allen Creek, developed in ice-rich organic srlts and
-peat, are subject fo freguent slumps and flows. Thus!oliff
angie is frequentdy‘low, despite periodic rapid erosion
(profile l) West ofl.the Sachs Harbour townsite, the beach

- f'
is, mantled by exHumed 1gneous erratlcs which are derlved

from a basal till exposed near the cliff-foot (Figure 5. 2a)
The narrow beach zone is backed hy steep, actively eroding
cliffs (profile 7). By oontrast, the beach zone immediately
to the west is con51derably wider and 15 backed by low,

degraded cllffs, consrstlng primarily of colluvium (profile

6}.

-~ 5.2.2 ‘@Pr0cesees of cliff degradation

Wave erosion-ofcéea clif;s is achieved primarily
during storﬁ events, through the hydraulic pressure exerted
by wave impact and by the abrasive action of entrained sedre
ment (Komar, 1976, p. 15). Processes and rates of Cllff
degradation are thus normally related to the structure and
lithology of cliff materials, and to{the frequency and.mag—
nitude of storm-wave attack. In permafrost regions, sedi-
ment cohe51veness is partly a functlon/pf temperature, since

frozen ice-cemented sediments possess é strength many times

. that of similar materials in an unfrozen state (see e.qg.-

. —
L

F
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(a)

Figure 5.2 Examples of cliff matetials and morphology, in the vici-
. nity of Sachs Harbour.
(a) Cliff 1.0 ktv west of Sachs Harbour, developed in clay
" till overlain by colluvium. Note the erratic blocks
armouring the narrow beach zone. The wide beach in
» ' background is backed by degraded cliffs developed
- ' entirely in colluvium (see Figure 5.1, profiles 6
- and 7). August 20, 1981, : . 5
(b) Cliff 4.0 km southeast of Sachs Harbour, developed in
. fine-medium glaciofluvial sand. Note the accumulation -~
v %i\? talus rampart (see Figure 4.1, profile 9).
3

A u§t'13, 1979, n
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Jéhnstoﬁ etgal., 1981, pp. 73-147; Tsytovich, 1975, pp.
138—78, 213-56). As a result, it seems likeiy that actively
eroding.arctic sea cliffs follow an annual temperaturé—
related morphological cygle. A further constréint on this
cycle is érovided by the seasonal regime of pack ice-limited
wéﬁe action.

In winter and early-spring, cliff materials are
frozen and almost inactive. The onset of thaw may be retarded
by éhe preseﬁée of an insulating snow ramp, formed by winfef
snowdrifts extending upwards from the beaéh. As the upper
section of cliff thaws, mbbilized seéiment may be transpo;ted
onto the snow ramp and, in some cases, may flow across the
ice-foot covering the beach. This material may then protect '
part of the beach ice énd snowcover from thaw.

. : As summer progresses, the tbgying front penetrates
///F‘i)further into the cliff face, releasiﬁg icg—cementedlsediment
\\_ which accumulates as a talus apron at the cliff fooﬁ. This

process continues until an eduilibfium profile is' developed,
related to the angle of repose of cliff sediments and the
thickness of slﬁpped debris required to prétect the cliff
)\from fﬁrthe; thaw (Figure -5.2b). Observatigns suggest that
most of the slumped debris is removea during latégséason
storms, so that actively eroding cliffs probab;y attain
‘their steepest profile just prior to freezeup. .
Cliffs developed in icgffich sediments may degigge’
very rapidly by a.number ofdfailufe_mechanisms, including

flows,'sliaes and falls (McRoberts and Morgenstern, i973,

el
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1974). These'gxocesses can supply large quantities of sedi-.

m?nt to the beach system (Figure 5.3). For example, in
L1
August 1981, a bimodal flow was observed extending across

the beach east of Mary'Sachs Creek. This was related -to

10 m ihland from the cliff edge. 'In many areas,.the surfi-

cial 20- 30 cm layer gf cliff >ﬁ¢er1al is bound by a vegetal

mat and, when undercut, fails in coherent blocks up to 1.0 m

-

in diameter which slide down the debris slope to the beach.

, Where massive ground ice or very icy sediment occurs, the

cliff face may form a low-friction surface across which

detached blocks readily move (Figure 5.4).

T In many areas, cliff degradatlon is controlled by

1ce-wedge distribution (e.gq. Walker and Arnborg, 1966).
Where ige wedges are oriented normal to ;he coast, prefer-
ential thaw results in the formation of \a crenulated cliff-
line (Figure 5.5). .ice wedgee oriénted parallel to the
coast act as petural lines of Qeakness and facilitate cliff
failure by block detachment {Fig‘fe's.é). Dering high-
magnitude storm events, £hermal erosiogoat the cliff foot
may fo:h a thermo-erosional niche, extending'up-to 5m
beneath the cliff (Figqure 5.7). If the ?che intersects

| failure may occur

a, shore-parallel ice wedge; massive clif

during a single storm event. For example in 1981, failure

~of a polygonal block during the storm of August 18 was fol-

lowed by its compleEe destruction on August 22 (Figure 5.8).

27N

an active layer detachment slide, which exgended approximately

N\



Figure 5.3
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(a)

(b)

Examples of Cllff failure mechanlsms in ice-rich permafrost.

(a)

(b)

Ground ‘ice slumps in ice-rich silt, approximately

20 km southeast of Sachs Harbour. Note debris flow
across the talus slope to the beach zone. August .

06, 1980, \ E
Mudflow extending across the beach approxlmately 9 km
west of Sachs Harbour. This bimodal flow is fed by an
active layer detachment slide on sloping ground above
the cliff face.’ August 18, 1981,
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Figure 5.6 Cliff failure by block detachmfnt along ice wedges
: oriented parallel to the ciiffline 4 km west of Sachs
Harbour. (Photograph by H. M. French, July 08, 1976).

<. Figure 5,7 ;permo erosional niche beneath cliffs 4 km west of Sachs
rbour. The niche undercuts cliffs by up to 5.0 m at
this locality. August 07, 1980,

.

/ .

3
fe
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Figure 5.8
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(a)-
. ¢ \
1 Y
Lt
(b)
Destruction of a tundra polygon, located 4 km west of - \ﬁN\\\\\

Sachs Harbour, by storm wave attack in August T98

(g) Failure of polygon along aishore-parallel ice wedge,

- following undercutting during the storm, of August Q
18, 198].. (Photograph taken August 19, 1981).

{b) Destruction of polygon by wave attack, during the
"~ storm of August 22, '1981.
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-”gons;derab}e‘volumes of sediment may be entrainedf-
durang storm events. For example, during the storms of

August 31, 4980 and August 18, 1981, the debris rampart

along the coast of the Sachs Rdver lowlands was completely"
_removed, Assuming a mean clift height of 8.0 m.and a cliff :
angle of 40°, t 's‘represents'a loss of approximately

3.8 x lO4 ﬁ3 of\sediment per-kilometre of cliff in the space -

- of 1~2 days. Following both storms, the newly formed cliff )
face was either vertical or overhanglng by up to 2.0 m
(Flgure 5. 9a) As a result the ‘havigation beacon located

F)
southeast of ‘Sachs Harbour is now seriously threatened.

-

Accumulation of debris at the cl;ff foot begins
immediately, following cessation of_wave etosion {Figure
5.9b). For -example, in August of 1979;and51980, coastal

.‘sections were cleared of debris using a.Wajax'high-pressdre:
fire pump. Subsequent recovery to an equilibrium'profile'

- was extremel; rapid, usually'in the order of 7-10 days.
In the v1c1n1ty of Sachs Harbour, this process is favoured

by the south fac1ng aspect of ‘most sea cliffs, Whlch lnter—

cept maximum solar radiation. ’ s
, i , - \
5.2.3 - Coastal change 11950-1981 o
o The}spatial‘nattern and‘rate 6f—coasta1 changerin
\”the V1cinity of Sachs Harbour was investigated by coQParlson
of air photo coverage dated 1950 1962, and 1972, and by.‘
. . field survey in the period 1979—81 ﬁet accretion has

‘occurred on the Allen Creek and Sachs Harbour spitt - (see

\pp. A177-184), while between Allen Creek and Duck Hawk Bluff,

-
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(a)
=
S :
{b)
Figure 5.9 Removal and replenishment of cliff-foot talus rampart,

Sachs River lowlands.

(a} Near-vertical cliff profile developed following. re-
‘moval of unfroZen talus during the storm of August
31, 1980. Note the massive cliff failure, threatening
stability of the navigation beacon. September 01,
1980. ,

(b} Replenishment of the talus slope, following the storm
of August 18, 1981. August 19, 1981.
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and in the Sachs River lowlands, coastal retreat has averaged
1.0-3.0 m. yrﬁl. Paﬁticularly high rAtes of cliff recession
have occurred in the area immediately west of Allen Creek
spit. ‘Detailed analysis df.coastal change in this‘area

is facilitated by the availability of 1972 air photo cover-
age.At a scale of.l:7,60d. An qccuraté fecord of coasta;
recession since this date may be dete;mined with reference

to the erosion of ice-wedge pélygons (Figure 5.10). Between
1972 and 1979, the coastline has receded by up to 35 m and
two small thaw lake basins have been drained and truncated

b

(see pp. 155-156).

5.3 Development of depositional coastal landforms

Depositionallfeatures'ake characteristic of arctic
coasts develqpea in ice-rich unconsolidated sediment and
subject to a siénificant period of open water conditions.
Offshore bars and spits, whlcﬁ typify extensive areas of
the Yukon and northern Alaskan coastal plains, also commonly
occur on the west coast of‘Banks Island. For example,
approximately 15 km west of Sachs Harbour, Cape Kellett
spit forms one of the lafgest depositional anstal landforms
in the western arctic. In the immediate vicinity of Sachs
Harbour, two smaller depositional features exist, referred
to as the Sachs Ha;bour spit and Allen Creek spit. Khalysis

of the eveolution of these features provides useful data

regarding rates of coastal'change in this environment.
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. 5.3.1 sachs Harbour spit - .

This feature consists of a recurved sand spit with
'5 1.6 km 1inearutrunk.and-a single 0.7 km hook (Figure'S.li).
The trunk axis is oriented northwest-soutﬁeast, parailel
to the coastline of the Sachs lowlénds. The spit is asym- }
metric ip~cross-profile and the main ridge crest lies close
to the southern shoreline. This zone is characterized by
a clean, dry sénd surface, while central and northern areas
of the spit surface consist of organic silt and a remnant,
wave-washed vegetal mat. At_the base of the recurve, the.

-

vegetal mat is ihtgcpwand surmounted‘by a number of small,
well-vegetated'sand aanes.

A survey of the superagueous portion of the spit
was undertaken in July 1979, and further topographic infor--
mation was derived from air photo cdverage dated 1950, 1958
and 1961. These data indicate that the present simpl%city
of form conceals a considerably more complex developmental
.higtory (Figure 5.12). The 1950 outline shows not only
a major northward disélacgment of the main trﬁnk's central
portion, but also evidence of a complete breach 30-40 m
in width. The concave indentation thus formed on the spit's
southwérd margin had an area of over 50,000 m*, yet had
been completely infilled by 1958. A crude estimate of the
volume of mate;ial involved may be calculated using an empi-
rical relationship between beachﬂagea and sediment volume

(U.S. Army C.E.R.C., 1973, p. 5.8). This suggests that

a~0.09 m* increase in beach area is equivalent to a 0.76 m®



Figure 5.11  Sachs Harbour spit. Y
(a)

(b)

(b)

Oblique air view of Sachs Harbour spit. (Photograph
by H. M. French, July 16, 1972).

View northwest along the spit axis. Note the asym
metrical cross-profile with a clean sand surface
south of the ridge crest, The broad area north of
the axis has g surficial cover of organic silt,
August 19, 1981.
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Figure 5.12 Topography and pequential development of Sachs Harbour
spit, 1950-1979. Note: Map derived from air photo
coverage dated (1950, 1958, and 1961, and from survey
by M. J. Clark |[and J. A. Baker, July 29-30, 1979.
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. ' r %
gain in sediment volume. If this assumption is valid, it is

5 m3 of material was

likelynthat dﬁproximateiyr4.6‘x ;b
emplaced between 1950 and 1958, a net gain of 5.7 x 104.m% yr_l
above sea level. )

‘A’temporary sh@reline ipdenfation othhis type forms
a very efficient sediment trap within the littoral drift
" system. Thus the overall raté of spit gfowth'probably offérs
a mére :epresentative indiéétion of sediment accumulation
rate. Between 1950 and 1979 the distal end of the spit
prograded appr?ximately 40Q_Q: reflecting an annual dreal
increase of almost 2.5 x 103 mz. “This suggests an annual
distal sediment gain of 2.1 x 104 m3, déspitg the_fact that
breach infilling was élso in progress at tﬁé beginning of
this period. If similar growth rates have prevailed in —
the pés;, then the entire superaqueous portion of the‘spit

could have Beeh\deposiped in a period estimated at between

70 and 230 years, depending on the time period selected

—
"~

for rate célculation, with a mean age estimate of 135 years.

5.3.2 Allen c;eekfspit

This feature extend; for approximately 1.5 km
-parallei.to the coastline west of‘Sachs Harbour, aﬁd enclose%
a small lagoon. The spit is constructed primarily ﬁrém
sand, although'medium—coarse gravel is also present, Plant
colonization has commenced in some areas of the backshore.
Aﬁélysis of sequential air éhoto coverage.auggests that,
between 1950 and 1972, the primary morphological change

consisted of eastward progradation of the spit (Figure 5,13).
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Successive stageé in distal extension may'be correlated to
cleﬁrl&,ﬁefined ridges, mapped in July 1979. Distal exéen—
sion since.1950 exceeds 600 m, representing an annual fore-
shore growth of 3;3 X 103 m3, in close accord with the
equivalent rate caléulated for tﬁe Sachs Harbour spit. Growth
rapes of £hi§ order suggest a total growth period of between
30" and 70 years for the Allen Creek spit, with a mean age
estimate of 45 yearé. .

The development of this spit was'ﬁnterrupted Sy
a major breach, which was first?ﬁ?ticed in early-July 1978
(persoﬁal communication, H. M. French). The bgeach repre-

4 2

sents a loss in area of{épproximately 5.5 x 10" m”, equiva-

5 m3 of sgdiment. The rates of distal

r
accretion prevailing on this spit indicate that such a

lent to about 4.6 x 10

breach codld be healed within 6-10 years. This is confirmed
by the gubstantial morphq@qgical adjustment observed‘between
July 1978 and August 1981. Beach récovery iﬁ the breach
zone has resulted in the .development of a_smbothly concave
beach plan (Figure 5.14a). |

- The breach may have been formed by wave action auring
a late-season storm iq 1976 or 1977. Alternatively, it
may have resulted from ice pile-up and overriding in the
winter of 1977/78. Available evidence supﬁorts the. former
explanation. Aléhough a low ice-pushed ridge was observéd
iﬁ July 1979, surmounting ghe 3.0 m hiéh cliffs inshore ‘

from the breach zone, neither its coméosition nor its volume

suggested that it represented-material lost from the spit.

-~

e
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A

Figure 3.14 Allen Creek spit.
: (a) Oblique air view, fugust 06,.1980. Note beach
recovery to 4 smooth plan outline, rfollowing

. breaching in 1976 or 1977,
{b) Overwash of spit during the storm of August 227, 1981.

This event did not result in major strucgural damage

to the spit. '
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In'general, Breaching b& iqe—push is unlikely since,_prior
.to breakup, beéch sediment is probaﬁly ipe—bopded and thus
resistant td erosion (e.gq. Harper-et al., 1978; Owens and
Harper, 1977). 7 N |

) Analysis of pack ice aéa.wihd records indicates ’
that two major onshore storm events occurred in association
with ice-freé fetch conditions, on Seétember 13-16 agd
..Segzg;ber 21-22, 1976. Thése représent the highest magnitude
storms in thelld year period of record, in terms of both
duration and ki%éﬁetres of wind run (see Figure 2.3). They .
are also associated with the largest hindcast deépwéter
waves, in excess of 3.5 m {(see Figure 2;12); Two lesser
stdrms occurred in Septembef 1977, gimilar in magnitude_
to storms observed directly on Aﬁgust 30-31, 1980 and-August
22, 1981, On both the latter occasions, 1.0-1.5 m waves
were generated which overwashed the spit (Figure 5.14b),
e?oding shallow channels through the main trunk. However,
overall structural damage was slight. It is most probable,

therefore, that the breach formed by wave attack during

the high-magnitude storms of September 1976,

5.4 Disecussion

' Observations”df coastal environments in the vicinity
of Sachs Harbour suggest that rates and patterns of coastal
change are controlled by the duration of open water, fre-

quency and magnitude of storm conditions and nature of shore-

line materials, with particular respect to their ice content.
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-

In process terms, the area appears to be intermediate be-
tween southern storm wave enpironments and the High Arctic
coastal environments described,by S B. thann and associates
(e.g; McCann, 1373; Owens and McCann, 1970; Taylor, 1978;
Taylor'and McCannl 1976) . Storm wave genexation in the
latter area is considerably restrlcted by heavy pack ice
conditions and limited inter -island fetch during brief perlods
of open water. ©On the other hand, it appears‘that the signi-
ficance of, sea ice to beach development is far greater than
on southwestlBanks Island.

The closest analogue to this area is provided by
theiBeaufort Sea'coast of the Yukon Territory. Similarities
in sea ice conditions, storm wave generation and cliff
materlals results in a general equivalency of coastal pro-
cessés and morphology. A recent survey has demonstrated
_the effects of storm wave erosion of ice-rich cllffs, and
abundant nearshore sediment supply resultlng in development
of constructlonal morphology (McDonald and Lewis, 1973).
These authors conclude ‘that: (1) Some coastal areag have
gndergone rapid retreat of up to 88 'm in the period 1952-

70 (an average rate of 4‘9 m.yr -1

); {(2) Sediment derived
from coastal erosion and fluvial discharge is dlspersed
along the coast by a well-developed system of longshore
currents; - (3) Longshore sediment drift is responsible
for. hundreds of metres of spit extension between 1952 and

1970 and; (4) Ice-push did not exert a major influence

on the beach zone in 1972. These conclusions are
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substantially in agreement with those of the present stﬁdy.
. A major problem in arctic coastal analysis is related
to the importance attached to low-frequency, high-maghitude

storm events (e.g. Hume and Schalk, 1967; McCann, 1972;

Reimnitz and Maurer, 1979). Although this is a general

"problem of coastal'geomorphology, it is highlighted in arctic

N
regions by the predominance of ‘ice-limited fetch condltions,

which have led many researchers to characterize the shore-
1ine as a low-energy environment. On southwest Banks Island,
rapiF coastal erosion and dynamlc growth of depositional
features suggest that this classification may be inappropriate.
Previous studies have indicated that sediment trans-

port along arctic coasts is a storm-dominated process and

this assumption appears justified in the present study.

It is possible that the importance of a storm event such

as that of-August 23, 1980, in supplying sediment for coastal

~ transport, is as great as the annual total supplied by normal

summer low-energy wave action.. During a major storm, coastal'
morphology may evolve catastrophically, by accelerated ero-

sion, removal of cliff-foot debris and breaching of spits.

‘At the same time, sediment transport to beach, spit and

offshore sinks is probably at a maximum. During intervening
pericds of 1ow-energy wave attack, coastal morphology remains

relatively ‘stable and tends towards an equilibrium status.
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" exposed in coastal sections on southwest Banks Island, T

i

6.1 Introduction

The conclusions reached in this study are presented

"on two levels. First, specific conclusions are summarized

in relation to the permafrost geomorphdidéy.of southwest

Banks Island. These contribute to an understanaing of

the complex relationships between permafrost stratigraphy,

geomorphic processes and landforms which exist in this

e . .
area of the Western Canadiand Arctic. Second, general

conclusions relate to the use of permafrost geomorphology
. %
and stratigraphy as conceptual frameworks for arctic

terrafn analysis. In addition, it,iz possible to make a

number of recommendations with respett to future research

" in this field..

6.2 Summary of results o

6.2.1 Permafrost stratigraphy

‘The study of’ice wedges and their enclosing sediments,

3
suggests that permafrost aggradation has been continuous

in late-Quaternary times. A -temporary period of deeper

seasonal'tﬁaw'occurred during-‘the mid-Holocene climatic - - °
"~ .

optimum. Strdtigraphic analyses of two pingos support this

" interpretation of permafrost history.

R
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In the Sachs. River lowlands, four systems of ice
wedges are recognized within a seguence ?E outwash sediments,
‘attributed to thé (Wi;consin) Amundsen Glggiation. The
first system consists of inactive epigenetic wedges, related .
.to a paleo-surface dated at greater than 10,600£130 years B.P.
(GSC-3229). The second system consists of small syngenetic
ice veins, deﬁeloped during a subsedquent pericd of rapia

surface aggradation. These are of particular interest since,

in contrast to observations in the Soviet Union, few syngene—‘
tic ice wedges have been recognized in North America. Thé’
third system consists of inactive epigenetic wedges, which
are tr;ncated approximately 1.5-1.7 m below surface. Thé
level of thaw uncénformity is datéd at,gfeater than
6,490t60 years B.P. (GSC—3216), and éiﬁost certainly repre-
sents the maximum depth ¢f seasconal thaw during the mid-
Holocene climatic opt%mum. Tbé fourth éysFeﬁ consists of
active epigenetic wedges, which are reléted to the distri-

- .
dbution of thermal contraction cracks.

Pingos on southern Banks Island differ from those
of the Mackenzie Delta area in a number of ways. First,
they are both smaller and less nﬁmerous. This probably
refiects the colder climate, which limits talik development
and thus potential pingo dimensions. Second, most pingos
aré located on low fluvial terraces,'rath;:7khanzwithin
drained lake basins. Third, they range mérphologicélly

from conical mounds to elongate ridges, which may be several

hundreds of metres in length. Fourth, many pingos are in



-

.varying states of collapse.

a séction, excavated through the rampart of a
collapsed pingo near Carpenter Lake, indicated that the
remnant ice core comprises both segregatiogfand injection
ice. A'small, now horizontal, ice vein extending 3-4 m
inﬁarag‘towards‘the pingd centre indicateghthe probablé‘

"

extent of permafrost agéradation beere“shut—off pressure

was exceeded antl ice core growth commenced. Based on 14C

age determinations, a second pingo,‘located-in the upper
Kellett River valley, is thou§h£ td pave grown between
3,920:80 years B.P. (GSC-2395) and 2,480%50 years B.P.
(G8C-2397). Pingo developmeﬁt probably reflgcts climdtic
deterioration and renewed permafros£ aggradation in late-
Holocene times. There is broéd synchroneity between the

age of this pingo and that suggésted for pingos elsewhere

on Banks Island. It is thus likely that the majority of

pingos on southwest'Bahks Island, including_the Carpenter
Lake feature, érew during this period. |

Neaﬁsthe linmit of the Sand Hills glécial readvance,
ice%ablation features exist which are morphologically simi-
lar to collapsed ﬁingos? Howevef, their geomorphic setting
is not consistéﬁt with a pingo arigin. Eﬁamination of an

ice core and overlying sediments suggests that these features

formed by'ablation of buried glacier ice. Their recognition

complicates the interprétationﬁof presumed pingo scars,

in regions of both contemporary and Pleistocene permafrost.



6.2.2 Thaw lakes ) : =

Thaw lakes on southwest Banks Island appear to bes
quasi-equilibrium landforms, and tannot readily be inter-
preted within the traditional thaw lake 'cycle’, aé proposed
for example in northern Alaska. Iﬂitial basin formation,

" by thermokarst subsidence,” has been followed by asymmetri-
cal expansion under the inf%uencgvof geom&fphic processes.

This has resulted in the development of a preferred’

&

long¥axis orientation. There is little or no evidence of
thaw lake migration'acrosS the tundra surface.

The volume of ground ice in the upper 8 m, of perma-
ffost in the Sachs River lowlands indicates that lake basins
at least 3.0 m in depth coﬁld have originated by thermokarst
subsidence. .This conclusicon is supported by the reduced \
ice content and straéigraphic thicknesg of sediments exposed
beneath a dréined laké basin. Basal lacustrine sediments

14C date of 8,560%210 years B.P.

in this section provide a
(GSC-3292). This is consistent with the age of other thaw
lake sediments on squthern Banks Islénd, and supports a
conclusion that basin formation was initiated during tﬁe
mid-quocene climatic optimum. However, many smaller lakes,
located on terraces éf the Kellett River, pfbbably developed
at'a later date by ponding within low-centred polygons.
Geothermal analysis, based on heat condgction theory,

indicates that thaw lakes significantly modify the regional

permafrost regime. It is concluded that, under equilibrium



192

-
« 4

conditions, lakes greater than 700-800 m in diameter are

A

underlain by throughgoing taliks, which perforaﬁé?the esti-
mated 400-500 m thick permafrost zone.

A majority of thaw lakes on southwest Banks Island
are oriented, with a mean loné—akis azimuth approximately
perpendicular to the opposed resultants of the summer wind
régimg at Sachs Harbour. The most common, smoothly curved
lake oﬁtiihe consists of an asymmetrical éllipse or D-shape,

which is assumed to represent the equilibrium lake form..

Lake morphology was sigulated using a model based on the
calculation of cycloidal bay fadius, from input wind fre-
quency data. The éorrespondence between prgdicted and
ébserved morphology is close, particularly when stofh wind
data are used. It is concluded that: lake orientation on
southwest Banks Island‘is directly related to wind-generated
geomorphic p;écesses. The sensitivity of this relationship
is demonstrated by the rarity of oriented thaw lakes else-
where on Banks Island. Thaw lake drainage occurs primarily
by catastrophic outflow, .as a result of either lake tapping

or truncation by coastal retreat. In areas of ice-cored

terrain, subterranean drainage occurs under certain circum-

stances. The sedﬁence of infilling, segmentation and revege-

tation, which forms an integral part of the classic thaw

lake 'cycle', is rare in this area.

N

-

e



_averaged 1.0-2.0 m.yr
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6.2.3 Coastal change f

_-h- P
ORI
Rateg arid pqtteﬂns of coastal change on southwest
Banks Island are stronglb influenced by the presence of
;o a

unconsglidéted and perenﬁially frozen shoreline materials.
‘ ) .
Coastal processes are fur%her controlled by the duration
of opeh water conditions gnd the frequency and magnitude
of Onshdre storm events. In genefal, the area is inter-
mediate between pack ice—ddminated High Arctic coastal
environments and southern sébrm wave environments.

Actively eroding sea bliffs follow an annual,

temperature-related, morphological cycle. Cliff failure

mechanisms are frequently controlled by the quantity and
distribution of grdund ice. Cliffs developed in ice-rich,
but homogeneous sediments typicaliy fail by active layer
detachment slides and bimodal flowgf By contrast, cliff
failure in areas of polygonal groundmis controlled by ice-
wgdge distribution. Catastrophic bléck failgre usually
occuré along the line of‘ice wedges, particularly where

the cliff foot is undercut by a thermo-erosional niche,
During the-  period 1950-1979, coastal retreat between Alién
Creek and Duck Hawk Bluff, and in the Sachs Rivef lowlands,
1. Cliffs developed in ice-rich
silt immediately west of Allen Creek receded by up to 35 m

between 1972 and 1979, : | 2

Sediment mobilized by rapid coastal retreat 1s trans-



194 .

ported by littoral drift to a number of 'sinks', including

the Sachs Harbour and Allen-Creek spits. Between 1950 and

1979, these features prograded by approximately 400 m and

—

600 m respectively. The presence of well developed deposi-
tional landforms, subject to rapid morphoiogical‘change,
seems characteristic of arctic coastlines which consist

of\i?consolidated ice-rich permafrost sediments.

6.3 Conclusions . y :

This study demonstrates that a knowledge of
permaffosp conditions forms an integraﬁing-factor in the
study of afctic terrain. On southwest Banks Island, thfee
aspeéts of meso—scalé land form are shown to comprise
elements of an interdependenﬁ landscépe system, controlled
to a considerable degree by the nature of perennially
frozen ice-rich sggiménts.\
~In #hiSJ rea, pefmafrost aggradationhin‘late;

-

Quaternarj“times has resulted in the growth of pingos and

- .,‘ ‘ . PN
the development of multiple systems of ice wedgesf/’At ~>
various time%, thermokarst processes have led ta_partial

’ N

collapse office-cored features and the formation of th&ﬁ?{
lake basipg. The latter in turn significantly modify the
thefmal ﬁégime of underlying and adjacent permafrost. In
the coast%i zone, rapid éliff recession is caused by the
melt of i;e—rich uncongglidated sediments, especially along
ice wedges; At some localities, truncation‘and subsequent

drainage of thaw lake basins has occurred. These obser-
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. , MY
vations suggest that permafrost geomorphology provides a

'strdng conceptual framework for arctic landscape investi-

gation. X

This study also shows that it is possible ﬁo
deduce paleoenvironﬁeﬁtal‘conditionsfip permafrost. regions
through the study of ground ice boaiés‘and their enclosing
sediments. Stfatigraéhic studies have\traditionally formed
a basic research methoéblogy in investigations of Quaternary
geomorphology in nonpermafrost regions. Within the pefma—: “\\i
frost. zone, the usefﬁlness of such an approach is further ' ~
enhanced by the possibility of reconstfucting not only

depositional events but also paleothermal and paleo-

hydrologic conditiqns, based on the nature and distribution

‘of ground ice bodiés.‘ In this respect, future studies of

Quaternary geomorphology in arctic regions should include

detailed analysis‘of perm;frost stfatigraphy as an intégral

1 .

component of field investigations.

A

6.4 Recommendations for future research

3

Many opportunities .exist . for further work in this
field, and a number of specific lines of future research

may be identified.
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The relati&ely short history of permafrost aggrada-
fion on southwest Banks Island in postglacial timés repre- .
sents a significant limitation of the present study.- It
would be instructive, therefore, to investiéate permafrost

geomorphology within an area such as the Beaufort Plain

of northwest Banks Island, which has experienced a cold

-'nongla4ial climate since at least the end of the pre-Wisconsin

interglacial period. A more complex pérmafrost stratigraphy
might be expected, similar.Ep-that described from ungiaciated
aréas oflSibﬁfia.

The study of permafrost stratigraphy Qoﬁld be
strengtheged by the availability of thermal data from a
nearby deep borehole. This would aliow vérificatidn of
thermal models géherated in relation te present geomorpho-
logical conditiqns. It may alsc allow correlation of thermal
events recorded within the permafrost stratigraphy with
temperature anomalies in the borehole. Sinéé therma; waves
penetrate earth materials at a finite velocity, it foiiows
that groundﬁtemperatures at depth are related to former
surface conditions. | | y

With respegt to the study of ground i&e bodies and
their encleosing sediments, particular attention should be
focused upon the nature of cryotextures. These are used
widely by Soviet geocryologists as ind%;ators of ffeezing
and thawing histories, for example in a former talik. A
meﬁhod of directly dating ground ice bodies, based for

example on isotope ratios, would also represent’a méjor
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contribution.télthe field.

The .relative rarity of'inland permafrost sections
_has limited the use of a stratigraphic approach to perma-
frost studies in large areas of northern Canada. In the
near future, extensive artificial exposures, albeit both
shallow and temporary, will bg produced during the construc- =
tion of northern pipelines. These sections shbuld provide
unique opportunities to examine surficial‘permafrost strati-
grapby, in relation to é wide range of arctic terrain

conditions.

¥
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APPENDIX A

COMPUTER MODEL OF ACTIVE LAYER REGIME:

TABLE OF INPUT DATA




i AE Eendix A
e :

Computer Model of Active Layer Regime:
Input Data ' '
Site #1 .. Site {2
Dry Tundra - Wet Tundra
Surface Characteristics ¢
Snow albedo 0.82 0.82
Snow roughness 01 0.01
Snow density 0.18 0.18
Surface albedo 0.20 ~o - 0.20
" Surface foughness 1.00 2.00
Surface wetness 1.00 1.26
Subsurface bharacteristics
Layer 1 Sand Peat
.Depth Range {(cm) 0~1500 0-50-
Kf . 0.0057 0.0020
Ku ) , 0.0040 0.0007
Cf 0.78 0.42
Cu 0.54 1.00
Layer 2 - Silty sand
Defth Range (cm) 50-1500
Kf 0.0054
Ku 0.0034
(53 0.73
Cu ’ 0.47

Kf, Ku: - Frozen and unfrozen thermal conductivities (cal/cm/sec/°C).
Cf, Cu: Frozen and unfrozen vqlumetric heat capacities {(cal/cm®/°C).

Note: For full program listing, see Smith (1977, pp. 33-49).

References: Brown and Williams,' 1972; Slusarchuk and Watson, 1975;

Smith, 1975; 1977.
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APPENDIX B

COMPUTER MODELS OF THAW LAKE GEOTHERMAL INFLUENCE:

. . PROGRAM LISTINGS

sy
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THIS PROGRAM CALCULATES EQU IsIBRIUM TALIK DIMENSIONS
IEVEEOPED BENEATH THE CENTRE OF CIRCULAR LAKES OF
GIVEY umus

NAUT FARAHETERS

Tk : MEAN ANNUAE BAKE BOTTO"I TEMPERATURE
TG : MEAN ANNUAL TUNIRA SURFACE TEMPERATURE
'Q : MEAN GEOTHERMAE GRADIENT (MK/M)

METHOD : IESCRIBED IN MACKAY, 1962 PP.35-48.

CAhCUBATE EQU Ik IBR UM PERMAFROST THICKNESS,P,
MAXIMUM IEPTH TO PERMAFROST BENEATH BAKE CE‘ITRE,C.
MINIMUM RADIUS OF WAKE WITH THROUGHGOING TARIK,M.
99 READ(5,100,ENI»999)TL,TG,Q

WRITE(6,1C1)TL,TG,Q

BaTL-TG

P2-TG/Q*1000

T A=1.0/3.0

l‘ Cx(((B*BETL)*#%A) _Th)®*Q
\ Wa((((Q¥BRC)*%2)/(((Q®B)+(Q¥TG)+C)%%2)) (C'C))“O 5
\WRITE(®,102)P ,C w
CALCUBATE IEPTH, D, Or TALIK BENEATH L4KE RADIUS R. .
25 L
2 CONTINUE
Ra((((Q*B*Z)®%2)/( ((Q®B)+(Q¥*TG)+Z)**2)).(2%Z))*%0 5
¥xR/10
ISaTF DI(U)
RSal-IS
F(RS.ET.C.5) GO TO 3
ISx IS+
3 CONTINUE
WRITE(6,103)Z,R

C TEST FQR PRESEVCE OF THROUGHGO ING TALD(

IF(Z.GT.C) GO TO 5
Z3Z45
GO TO 2
5 CONTINUE
WRITE(6,104)wW
G TO 99 ' oo

999 CONT INUE —
STOP

100 FORMAT (2FS5.1,F4.1)

101 FORMAT (1H1/SX "PERMAFROST PISTRIBUT JON BENEATH THAW BAKES'///5X,
1'RAKE TEHPER}\TURE = ' F5. 1,710X, "TUNERA SURFPLCE TEMPERATURE = ',
2F5.1,//5X, "GEOTHERMAL GRADEVT =' F6.1,' MIRLIKERVINS PER METRE'/)

102 FORHAT(SI 'MAXITMUM PREDICTE P PERHAFROST THICKNESS = ' ,F8.1,

1 HETRES‘//SX 'MAXIMUM IEPTH TO PERMAFROST BENEATH MKE CE‘ITRE =
2',Fg.2,! HETRES'//SX 'MINIMUM RADIUS OF WAKE POSSESSING THROUGH TA
3hIK s 8.2, HETHES /771X, 'TAVXX EEPTH' ,7X,'WAKE RADIUS')

-103 FOR'{AT(SX F5.1,12X,F6.1)

END

$ENTRY

104 FORMAT(1X, 'THROUGH TAKIK' ,8X,F6.1,' +') /

200 i
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C
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THIS PROGRAM CAWCUBATES THE THERMAM EFFECT OoF HATER BODIES
ON EQU TbIBR UM, PERMAFROST TEMPERATURES.

" INPUT PARAMETERS : )

R1 : INNER RADIUS OF RAY
R2 : OUTER RADIUS OF RAY

METHOD : EIESCRIBED IN BACHENBRUCH, 1957A.
PROGRAM MODIF D AFTER SMITH, 1973, PP.151- 16/9 )
DIMENSION R1(100),R2(100) , X20) ,SSTEMP(20) ; KSTEMP(ZO)
WRITE(6,400)
NITIALIZE EEPTHS AT WHICH THERMAb EFFECT IS CAMCULATED
M1)=10 ¢
B(2)s25 -
(3250
f._xu)l100
B(5)2150
B(6 )2200
X 7)a250
BP(8)=300
X9)x350
X10)2400
D(11)s450
© D(12)a500 -
X 13)2550 '
B(14)=600 . e
KDs1d . .
SET. INCREMENTAL ANGAE OF RAYS ‘
ANGRE=20.0/360 .0
Jal : X
Kl1 . '.I'
1 READ(S,100)R1(J) ,RZ())

400 FORMAT(1H1, 4X,'THERMAk EFFECT OF LAKES ON EQUIsIBRIM GROUND TEMP
1ERA')rURE FELD',///10X, SEPTH (M)',12X,* PISTURBANCE® 13X , "TEMPERATU
2RE"

100 FORMAT(2F4.0)

F(R1(J) EQ.9999.) GO 10 5
JaJ+l T
GO TO 1 ~
5 CONTINUE | -
KC=J-1
CONVERT DBISTANCES TO METRES sl
0 600 Ja1,KC -
R1(J)=R1(J)*50.C
600 R2(J)=R2(J)¥50.0
CAWCUMATE THERMAk EFFECT OF EACH WATER BODY AT GIVEN EEPTHS
B 710 K=1,Kb
SSTEMP(K )0 .0
K=1.0/ XK)
B0 700 J=1,KC
RATIO1=1./(SQRT(1.+(R1(JI*IX)n%2))
RATIO2=1 /(SQR'I(1.4-(R2(J)'E()"2)) !
SSTMRATIO1-RAT 102 -
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700 SSTEMP(K)=SSTEMP(K)+58TD .. . o .
710 CONTINUE _ '
- DD 720 K=1,KD

720 SSIEMP(K )=SSTEMP (K ) *ANGLE
CALCULATE THERMAL DISTURBANCE AND EQUILIBRIUM TEMPERATURE

DO 750 K=1,KD

ASTEMP (K )=SSTEMP (K }*#11.8

TACT (K )=ASTEMP (K )+ (D (K )*0.022)-10.8

. 750 CONTINUE

WRITE (6.200)(D(K) .ASTEMP(K),TACT(K), K-1 KD)
200 FORMAT{11X.P5.1.17X,F5.1, 19x F5.1)

ST0P

END
$ENTRY
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ABSTRACT

.This thesis explores the felationship between
permafrost conditions and landscape evolution on southwest
Banks Island, Western Canadian Arctic. Pafticular.atten-
tion 1ig focused nupon the history of permafrost and ground
ice aggradation, the deveiopment of thaw lake terrain,
and the influence of permafrost on rates and p;pcesses
of_coagtal change.

Stratigraphic analysis of coastal sections suggests
that permafrost aggradation has been continuous in late-
Quaternary times, with the.exception of a short periocd
of deeper seasonal thaw duriﬁg the Holocene climatic op~’
timum. Both'epigenetic and small syngenetic ice wedges
 are recognized, and their dévelopment is interpreted within

a framework of paleoenvironmental reconstruction. Additional

bodies within sections excavated thfough the rampart of

one feature is interpreted with respect to a model.of pingo
growth. There is broad synchroneity between the age of

a second pingo examined and thgt of other pingos on Banks
Island, suggesting that growth may have been triggered

by regional climatic deterioration in late-Holocene times.
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Thaw lakes on southwest Banks Island appear to
be gquasi-equilibrium landforms, and cannét be interpreted5
within the traditionalﬂthaw lake ‘cycle'. In the Sachs River
lowlands, basins at lé:st 3 m in depth probably formed by
thaw subsidence, initiated during the Holocene climatic |
éptimum. Geothermal analysis indicates that, under equili-
brium &onditions, lakes greater than 700-800 m in diameter
are underlain by throughgoing taliks. A majority of lakes
are oriented perpendicular to prevailing summer wind direc-
tion, and possess a D-shaped outline which is in equilibrium’’
with wind-égngrated geomorphic ﬁrocesses. Lake drainage
occurs primarily by catastrophic outflow, following kasin
capture or truncation by coastal rétreat.

r Rates and processes of coastal change are controlled

by the nature ‘of perennially frozen shoreline materials.
In particular, éatterns of cliff failure are frequently
related to ice wedge distribution. During the period 1972—
1979, ice-rich cliffs west of Sachs Harbour receded by
up to 35 m, The high rate of sediment supply has contribu-
ted to the growth of two sand spitshin the vicinity of
Séchs Harbour whicﬁ have prograded by 400-600 m sinée 1950,

The results of this study suggest that a knowledge of
permafrost cdndit;ons forms an integrating factor in the
analysis of arctic terrain. Moreover, a stratigraphic
approach to permafrost may be used to reconstruct the evo-

lution of present geomorphclogical conditions.



RESUME

Le sujet de cette th&se est 1'&tude des relations
entre les conditions du- ‘pergélisol et 1'évolution du relief -~ ~
dans le sud-ouest de 1'Ile de Banks, Archipel Reine Elizabeth
Territoires du Nord-Ouest. Une attention particuliére esE
accordée 3 l'historique du pergélisol et de 1'aggradatjon
de la glace du sol, au dévéioppement_deé reliefs de thermo-
'karst, ét a l‘influenée du pergélisol sur lés taux d'activi-
tés des prbcessys respdnsables des changement Cotiers.

L'analyse stra;igraphique, dans les coupes le
‘long de la cdte, suggdre une aggradation presque continu
du peréélisol depuis le Quaternaire sup&rieure. Cependant
lors de l'optimum climatique de 1'HolocZne, le mollisol
semble avoir é&té plﬁs €pais. Des coins de glace épigéni-
tiques et syngéﬁitiques co-existent et leur dévelappement
est interprété dans le cadie d'une reconstruction pdléo-
environnémentale.. La présence .de pingos fournit une évidencg
additionnelle de 1l'aggradation du pergé€lisol. La distribu-
tion des sé&diments et des masses de giace dans des tranqhées
excavées dans les femparts d'une structure es£ interpfggée
selon un mod&le d'uﬁ Pingo en crpissance. Il existe un
large synchronisme entre l'3ge d'un second pingo et celui

des autres pingos de 1'Ile de Banks, ce qui sugglre que

la croissance a"pu étre déclenché€e par une dété&rioration

! 1



climatique 3 1l'Holpcéne supérieure,

Dans le sud-ouest de 1'Ile de Banks les lacs de

thermokarst sont s £ es qui semble en quasi &quilibre

3

et qui ne peuvent dgnc étre}interprétés dans le contexte

. du cyéle traditionn Tacs de thermokarst. Dans les
‘basses terre ba sin de la riviare éachs, des dépressions
profondes de 3 m peuvent résulter ae subsidences thermokar-
stiques déﬁutant'a 1'optimum climatiqge de 1'Holoc&ne. ‘
Des analyses g€othermiques indiguent que, dans des conditions
‘_,__M;E;§3P111b¥e' il n'y a pas de pergé€lisol sous des lacs
" de plus de 700 m de diam3tre. La majorité& des lacs sont
perpendiculaires aux vents dominants d'&té et leur tracé
en "D" est en &quilibre avec les processus &oliens. Le
vidange d'un lac est surtout de nature catastrophique
suite 3 une capture ou 3 une récession de la céte.

Le pergé€lisol dans le matériel du rivage, controle -
la nature et.la vitesse des processus qui affectent les
cStes. En particulier, la nature des affaisementé de
falaise est souvent relife 3 la distribution des coins
de glace. Durant la période 1972-1979, le recul des falaises,
riches en glace, & l'ouest de Sachs Harbour a atteind 35 m.
Depuis 1950, la guantit& &levée de s&diments a.contribué
3 la croissance de 400-600 m d'une flache littorale prds

" de Sachs Harbour.
Les résultats de cegéé\thése sugg@rent qu'une

* connaissance des conditions de perg&lisol est un facteur

d'int&gration dans l'analyse des formes du terrain dans



1'Arctique. En plus, une &tude 3 base stratigraphique
du pergé€lisol peut étre utilis&e pour reconstruire l'évolu--

tion des conditions g€omorphigues des reliefs arctigques.





