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ABSTRACT 

The prime objective is to define and characterize the various 

coastal environments in the Canadian Arctic Archipelago. The research, 

Hhich utilizes both secondary source information and actual field 

observations, takes into account coastal morphology~ beach profil e , 

sediment types, sea ice conditions, tidal l"ange , depth of the frost 

table and wave energy. From a total of tw~lve coastal divisions based 

on the cri t eria of coastal morphology, t idal conditi ons and length of 

open water season, five have been chosen as t he basic coastal environ 

ments of the Arctic Archipelago. They are as follows: the Arctic 

Coastal Plain, t he Ice Shelf, the Fiord environment, the High Strai gh t 

coastal environment, and the Ridge and Va ·, ·1 ey co as ta 1 env·J ronment . 

Field observations within the last three environments provided 

additional evidence for the divisions and observations on the beach 

and nearshore characteristics at five selected locations. 
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Explorers say that harebells rise 

from the cracks of Ellesmereland 

and cod swim fat beneath the ice 

that grinds its meagre sands 

No man is settled on that coast 

The harebells are alone 

f~or is there talk of making man 

from ice cod bell or stone 

xi 
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INTRODUCTION 



INTRODUCTION 

The prime objectives of this thesis are to define and 

characte rize the coastal enviroriments of the nbrthern Arctic Archipelago, 

cH1d to analyse the nearshore processes and their effects at five selected 

coastal locations. Previous attempts at mapping coastal types in the 

Arctic have either focused on the south-eastern Arctic (Bird 1967), or 

have been part of world classification (Valentin 1952, McGill 1958) and 

too genernl to achieve the present objectives. The present research 

·involves th.:.: inventory and analysis of coastal morphology, tidal ranges 

~nd lengt:lls of open water period) using secondary sources (aerial 

photog ~· t~ p hs~ sea ice observations, publ·ished reports)~ in or-der to 

define the mair coastal environments of the Canadian High Arctic. Fi te 

specific coastal locations were then selected, as reprssentative of the 

basic co as ta 1 types, for deta i 1 ed fie 1 d studies. The study s ·j tes were 

also selected because of their location on or near proposed tran~mission 

"co-rt--k:or-s" or- their suitability as marine terminals. 

The 1972 field season of almost three monthss from J~ne 22 to 

September 7, involved detailed field work at each of t he five study areas 

(Table 1.1, Figure 1.1) for a period of thirteen to sixteen days, depend­

-ing on ~:eather and logistics. Four of the research a.reas were located on 

or· nor t h of Par'ry Channel, while thl~ fi f th ar·ea, Eclipse Sound~Pond Inlet, 

\tlaS fu r- ther .south on the NE coast of Baffin Island. 

The field p-r'ccf!dtn·e involvr.G the establish -ing of survey stat ·ions 

i 
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Study Area. 

North shore of 
Somerset Island 

r~1ak i nson In let 
(SE El l esmere Island) 

Hooker Bay 
(W Bathurst Island) 

Radstock Bay 
(SW Devon Island) 

TABLE 1.1 

LOCATION OF STUDY AREAS 

Latitude and Longitude 

77° 15 I N' 81 ° 31 1 w 

75° 25 1 N, 100° 30' W 

Pond lnlet ~ Ecliose Sound 72° 45' N, 77° 35' W 
(NE Baffin Islan~) 

3 

Date of Field Work 

July 1 - 14 

July 16 - Aug. l 

August 1 - 13 

August 14 - 22 

Aug. 25 - Sept. 7 
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for beach profiles, the monitoring of sea ice and climatic conditions, the 

systematic sampling of the beach sediments, observations of the effect of 

sea ice and rivers on the nearshore and beach zones, and the determining 

of the frost table depth across the beach. In addition, the littoral 

processes such as wave activity, currents and tides were examined, where 

possible. These basic geomorphic observations provide much of the 

information, about the beach zone~ which is regarded as essential (Pa~hy 

and Garvie 1970) before complex marine facilities can be constructed or 

safely n1aintained. Thus~ the study has practical applications which have 

been brought to the fore by the recent discovery of l arge quantities of 

natural res1urces in the High Arctic Islands and discussions concerning 

their transport to markets in southern Canada. The mode of transportation 

can be shipping or pipelines, but in either case, the beach and nearshore 

zones must be fully understood. 

The present research is a development of the detailed work 

compl etr-~d a.t Radstock Ba.y ~ Devon Island by the Geography Department of 

McMaster University (Owens 1969; McCann and Owens 1969, 1970; Carlisle 

1972; ~cCann and Carlisle 1972; McCann 1972, 1973). This study~ though 

broader i n scope, has taken advantage of the field techniques devised by 

the authors m~nt:oned above. This thesis begins with the division of the 

northern Arct1c Islands into general coastal r2gions, fo.llm1ed by 

detailed observations at se1ected locations within the newly-defined 

reg -; ons. 

1\s a summa-ry of the former investigations at Radstock Bay, Devon 

Island and others, particu·larly those centred on Poi nt Bar·r0\•1,. A'laska 

( Hume '1964 ~ 1965; Rc x ·; 964; Hume and Scha 1 k 1964 !· 1967) a genera 1 mode 1 
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of the annual beach ~egime can be established. 

Annual Beach Regime 

The processes which occur in the beach and nearshore may vary in 

frequency or magnitude from year to year, but the following is a typical 

sequence of events. During the winter months, November to April, very 

littl e , if any, activity occurs; in fact, the only marine processes 

observed have been the creation of ice pressure ridges offshore, the 

grounding of ice in the nearshore and the possible movement of ice up the 

beach face. Sea ice break-up can occur any time between April (Smith 

Sound ) and August (Jones Sound) ) ot net at all (Peary Channel ), but i s 

be·l·ieved to begin only after the mean daily ternw~ratut·es arc greater tha.n 

0° C. The snow cover on the land is transforned ir.to puddlP.s o.nd then 

into ra9in g me ltwater strea.ms \AJhich result ·in the destruction of the near~ ... 

shore i Cf-L Large l":l_mounts of flu vi a i clebt·i s a i~e deposited on the sea ·i r:e 

during spring flood stage, but because the sediment hastens the melting 

of the underlying ice, it is not i ce rafted far from shore. Rock debris 

is a ·1 so found on the sea ice at the base of c 1 i ffs and tal us s 1 opes. 

There, the ice carries the debris beyond the littoral zone, which prevents 

the bu·ildup cJf a protective bea.ch (~kCann and Owens 1970). 

As spr~ng break-up contin ues, a f racture zone of tidal cracks and 

leads is created alongshore. The width of the fracture zone is regulated 

by the tidal range and nearshore bathymetry. In generul, the final 

removal of ~ea ice wit~in the small bays and inlets is dependent on the 

rap·i d·i t_y \"dth which the sea ice "leaves the larger cha.nnels ~ vJhich in turn 

is dependent on wind conditions. If favourable offshore winds ao not 
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occur , the sea ice either begins to melt i!l sit!:!_ and is removed later, or 

remains until the followi .ng fall when new ice is added to the old. Even 

after the offshore ice has left, a narrow band of beach fast ice normally 

remains. If the fast ice eventually floats out to sea, it usually 

carries beach sediments which have become frozen to the base of the ice 

during the previous winter. 

During the open water season, processes similar to those found 

i n tempe rate latitudes are observed. In fact, the locally derived waves 

attempt to produce an equilibrium beach profile, and transport sediment 

alongshore. 

The beach sediments, e.g. shingle, are normal ly quite angular 

and poor to moderately sorted, which is due t) thE low energy coastal 

environment. When high onshore w~ nds and open water· occur together~ 

wide spread changes can occur to the b'each; for example, at Barrow, A 1 aska 

in 1967, one storm moved the equivalent of twenty years normal longshore 

transport load (Hume and Schalk 1967). Net sediment drift alongshore is 

thought to occur in response to waves frcm the greatest fetch~ but in many 

areas the changing wind systems result in an overlapping of sediment move-

ment from two directions. Thus, the overall effect is less net sediment 

movement ·;n the higher latitudes than in more temp~rate latitudes. In the 

fall, most oi· th2 low discharge stroams in the eastern Arctic become 

blocked off at their outlets by a ridge of transported beach sediment from 

Aciditional fine 11 aterial is mov::'d alon~shore by 

flotation \vh i ch df~pends on surface tension, and ·i ncrt:ases with ·j ncreased 

, .• ' t "::) d 'l . "' r-arl t· n~ ·t· voo SQ. j 1.11 .y ...... na t_crca . .::. t . ._. emr- crr:t ,_L .•• Although Hume (1963) found this 

process to be effective near Barrow, Alaska, flotati on h&s not been given 

I 
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much importance in the gravel environments of the eastern Arctic. 

One of the most striking features found in the coastal environ-
........ 

ments of the Arctic is the ice-push ridge or mound. It has been 

suggested by Hume and Schalk (1964) that only 1-2% of the local beach 

materi al is involved in the process of ice-push. In addition, McCann and 

Owens (1970), who found only small-scale ice-push ridges, suggested that 

these features do not affect the overall shape of the beach. The 

. generally accepted hypothesis of formation is the movement of loose pack . 

ice or sol ·id winter ice shoreward against newly formed shore ice or 

remna nt beach fast ice which buckles and leads to irregular mounds of 

beach ma te rial. Two other factors involved in the formation of ice-push 

ridges are the strength and d·i rect ~on of wind and the height of the tide. 

The push ri d9es wi 11 only b2 preserved if ice act·i on ends far e 1ough 

inland or in areas of continual pack ice where wave action is non-exista~t. 
-
Permafrost, a characteristic of the polar Leaches (Nichols 196~ ), 

can prevent the reworking of large amounts of beach mRterial during stonns, 

and reduces the permeability of the beach face ~lope. As a result, the 

swash and ba.ckvms h ve-locities a.re nearly equal (Kirk 1966). The depth cf 

the active ·ia .. yer is~ ~s would be expected, least in the spring and 

greates t in the fa·n . t~cCann and Ha.nne 11 { 19Tl ) found that there was no 

aprreciable ·inc('0ase in frost tab l e depth seaward on the intertidal zone. 

Fr·eeze·· 1Jp gen(:~ra ll y begins when the sea temperatures approach 

-2 .2° C and the spray from the waves begins to freE·Z2 on the sno\tJ-covered 

beach. Initially, a slushfoot is created, followed by a more subs tantia l 

icefoot as the air and water temperatures decrease. There are diffe rent 



types of icefoot created under different conditions in the Arctic and 

Antarctic~ but all have been well documented (Wright and Priestly 1922; 

Koch 1928; Bentham 1937; Joyce 1950; Feyling-Hanssen 1953; Rex 1964; 

Kirk 1966; Moore 1968; McCann and Carlisle 1972). 

During some years, freeze-up can be initiated with the blowing 

inshore of large pieces of multi-year ice which ground in the nearshore 

zone and dampen the effect of waves, thereby allowing the calm nearshore 

waters to freeze. ' The method of freeze-up is important, because it 

dictates the composition and conf i guration of the nearshore ice wt1ich is 

observed in the following spring. 

Although this is a valid sequence of events, these observatio ns 

are based on investigations carried out over a long period of ti 1ne at 

only ~ few locations within thP A· ctic. The present observations at 

several coastal areas, on a short term basis, add to the nwnbe r of 

coasta·l types examined, and strengthen the validitJ of the suggested 

annual sequence of events. 

8 



CHAPTER 11 

ARCT IC CO/ STAL E ~VIRONMENTS 



2.1 INTRODUCTION 

A study of Arctic coastal environments requires an understanding 

of the underlying geology and major landforms .that together constitute 

the physical framework of the coasts. In addition, the factors which 

influence the magnitude and type of coastal processes should be 

ex ami ned; for ex amp 1 e, the da i ., y t ida 1 range and the 1 ength of the open 

water season. General research on the coasts of the Queen Elizabeth 

Islands has only been completed by three authors; J.L.Jenness (1951), 

A.Tayl or (1956) and J.T.McGill (1958). Taylor (1956) dealt with the 

pi.ysiog·raphy of t l1e Queen El ~zabeth IslaLds, bCI. s- ed o:-1 c~xp-!c'~ rers 1 

tecords and the r·ecent a.erial photogr·aphic covet·a.~e of the e3~"'1.Y 1950 1 s. 

His wor·k was not specifically on coasts; it dealt ~'.lith the physiog·· 

raphy according to island, not to any chos~n critAria or classification. 

McGil-l (1 958) completed a map of coastal landforms of thi.:: ~~orld base,..r 

primarily on geology, major· l andfor·ms and mar·in8 ttan:;gression. H's 

appraisal of th~ coasts in the Arct ic was accurate but because of the 

very small sca·le to V·J. hich he \'IJas confined, his d·ivis·ion of co&st s vJa s 

very genPru.l (fiy.2.1). Jenness (~95.1) studied the oceanography ~nd 

pJ·I\/S i c9 rap\,~ of the w.es tern ·is 1 ands of the arc hi pe 1 ago and his report 

was vety detailed~. but lacked a good ct ·iscussion of nearshore coastal 

pt"ose::ises ctr:c beach character·! sti cc::. 

In the pn2sent study, information on the physical framework uf 

the c:o c.: sts \'i'as ~c~:omp1·ished us·ing aerial photography, histor ·ic records 

9 
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and recent literature. From the accumulated data the Queen Elizabeth 

Islands were divided into a number of regions, based on three criteria: 

(i) general morphology and coastal relief (ii) tidal conditions and 

(iii) length of open water season. Detailed maps showing the coastal 

morphology of the Queen Elizabeth Islands are i11cluded in Appendix A. 

2.2 COASTAL ENVIRONMENTS - PHYSIOGRAPHY 

" The physical characteristics of the coasts ·in the 
Arctic Arch·ipelago are greatly influenced by t he u:~der­
lying rock type and structure, each specific ccnbination 

11 

produces its m·n distinct ·~ve landscape. 11 (Arct i c Pilot~ vo·l.l p.l) . 

The Queen Elizabeth Islands and t~use islands along the south side of 

the Par ry Channe 1 can be d i v·i ded into four nw. in phys i ograph ·i c reg ·j ons 

(Thors t einsscn and Tozer 1970): (i) The Precambrian Shi eld is a 

be 1 t of deeply dissected crys ta 11 i ne rocks vJhi ch extends a 1 ong the 

eastern side of the Arctic Archipelago a~ far north as the Bache 

Peninsula~ Ell£smere Island (Figure 2.2). · (ii) The Arctic Lowlands are 

compos ed of flat lying Paleozoic sedimentar-y rocks and extend along the 

eastern and western sector of Parrv Channel and in Jones Sound. Cenozoic 

normal faults are expressed in this physiographic region as high linear 

stretches of coast. (iii) The Inniutian Region can be subdivided into 

the Greenland-E -ilesmere and Parry fold belts :. whicl1 include much of 

Ellesmere, Axel Heiberg, Cornwallis~ Bathurst a~d Melville Islands. 

The land varies from high spectacular fold mount~ins on Ellesmere Island 

to stronJly ridged terrain of less than 250m relief on Bathurst Isla nd. 

( i v ) The Ar-c t i c Coast a 1 P ·1 a i n a. n d Sverdrup Bas i n , v~ hi c h i n c 1 u de the 
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northw2stern islands, are underlain by the Beaufort formation of 

unconsolid<1ted Tertiary or early Pl eistocene sands and gravels) and soft 

Mesozoic rocks, respectively. Although some areas contain dissected 

plateau up to 370m.~ much of the coast is extensive plain only a few 

metres above sea level. 

Usinq the recognized physiographic units (fig.2.2) of the 

archipelago, the coastal environments have beer. divided into four 

general divisions: (i) The Fiord Coast (ii) The High Straight Coast 
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(iii) The Ridge and Valley Coast and (iv) The Coastal Plain. In addition, 

the ice shelf alcng the r1orthern coast of Ellesmere Island has been 

given special attention (fig . 2.3). 

The F"ord Coastal Enviromnent 

The f·iord er.v ·iromner. t ·includes two physiograptric regions: the 

Precambrian Shield and the Ellesmere-Greenland fold belt. The 

charact eristic features of the first region are the hi gh 180 to 925 m. 

re s ·istant rock cliffs, the large proportion of tidewater g·lacier-s and tlr.:. 

numerous shor-t, deep fiords. The fiords of the fold belt are much 

better de'·e ·loped (i.e. longer) and have beer. structurally controlled. 

The direction of folding is NE-SW, with the best examples of control 

being Vendom:J Ccu :nn and Archer f·iords on E"llesmere Is 'land (plate ·1 ). 

In thr:: s ~ fivrr.'s, t he coastal relief is very high! ranging from 615 m 

(near Vendom fiord) to 197C m (near ~udge Da!y Promontory); however, 

the steep sides are frequently broken by valley glaciers (plate 2). 

The terra in arou:1d Baum;:: nn and Slidre Fiords 5 although r gged!> is much 

·1 ov;er· ~ vJ·i th r ? ~ s ed t;Eac.h te:oraces 2.nd a wider bnach zone. 
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The eastern coast of Ellesmere Island, between Makinson Inlet 

and Buchanan Bay, is almost continuous ice cliff. In fact, Wright (1939) 

estimated that only 20 of the 200 miles of coastline were not covered by 

ice, and even then the coast was composed of steep scree-banked cliffs. 

Whereas the Ellesmere coast has, at best, only a very narrow fo resho re 

(backed by cliff), the coastal zone on Devon Island contains a mu ch 

wider bearh and more raised beach terraces and strandlines. In addition, 

the gene ral coa-tal morphology of Devon Island is quite rou nded and 

lower, as we ll as containing fewer tidewater glaciers (pl cte 3). 

Wi th respect to tidewater glacierss it is at the edges of the 

11 Expo.nded l-oot'' var·iety that g1 a. cial deposition has been observed. 

Th~ detris can t ake the form of terminal or lateral moraines (e.g. base 

of ice c1 ·iffs, ea::t c.f Cape VJdrrender, Devo n I sland) which encl ose -c~.0 

tongues of ice (Bc~ nti : 0m ·1941, Taylol~ 1956). Although many of these 

glaci ers nre actively discharging icebergs, the majority of icebergs 

found in B~ff 'n Bay originate from Melville Bay, Greenland (Dunbar 1967) 

An intere~t ing phenon1enon observed on air photos was the movement of 

suspended sedi men t offshor·:e from several of the glaciers along 

Clarenc<:' !ir.~,;id 1 t.ll0smere Island . Hm·Jever~ it is also poss ·ible that 

what \'ia s oL.s (:~r ·..-ed wer·e the 11 
• •• hot springs flowing int o the sea bes·!de 

one of the glaciers ... ~~~ that vJa s mentioned to Bentham (19 41 p.40) by 

natives . If this ~·/as true, ·it could pa.rtially exp·ia in the 11 North t~ater" 

a ldrge~ nea rl y pe1hmane1t body of open water in northe rn Baffin Bay. 

The co"'st of Axel Heiberg ·is generally lm~1 and br-oken 

occa s ionc.>lly by cliffs Oi"' Y'OC 1"J' b"iuffs, particul ar ly on the southf.c~stern 

coast. Th~re, the fiords rur across the strike. Taylor (1956) suggested 



that these (Strand, ~li ddl e and L i fiords) be 1 ong to the 11 Coasta 1 Plain 11 

environment and therefore, were cut along drainage channels in softer 

post-S i lurian sediments. 

In accordance with the rest of Ellesmere Island, its northern 

coast is bold and high, and is topped by tongues of the inland ice cap, 

and fringed by wide shelf ice e.g. up to 16 km wide 

Ice Shelf Coastal Environment 

Peary (1907) first reported that 11 a 1 g.lacial fringe 1 

16 

exte1 ded al l along the north coast , even to Nansen Sound ... 1' At present, 

the Ellesmere ice shelf stretches f rom Yelverton Inlet to Markam Bay, 

with some isolated oatc 'es of ice f urther east and we~t (plate 4). 

Bird (1967) L~lieved ~h,:. icc .s :1elf 12r1· iror:mcnt to be the o tiy coastal 

type unique to polar areas. The ice has a distinctive 1 ridge and 

valley' topography~ with a relief of l to 8 metres and a general th ick­

ness ranging from 40 to 85 metres (Hattersley-Smith 1952, Keys et al 1968). 

Open water, found along the valleys of the shelf ice and at the mouth of 

rivers ) gives the appearar1ce of many discontinuous moats. Also, at 

several locations (e.g. McClintock Inlet), the ice is covered by debris 

ft"Oiil adjacent slc1Ciers. Belovv the ·ice sht.. lf, Keyes et iil (1968 ) have 

found tidal currents with semidiurnal and diurnal periods and a tidal 

t'0.ngt3 of ten to f·i ftoen em. In addition, they found that fresh water 

frcm snow mi:~ lt f!ovJed uOv·:m1a rd t ~· qgh the ·ice , supercooled and refroze 

t o th~ base of the she.i f ice, t lk: .:. by caw~i ng the s!le1f to grow from 

benea t h. Hatters l ey-Smith (1952) believed that ice shelf disi nteg-

. . d K. . (l~r:·')) I ~ t :l Jl• ratlc;n was then at a max1mvm, an oen1g ~;)t.. ~ (l0.(l repor .ec 1ce 



islands•', or tabular bergs of up to 17 by 18 miles i n dimension, which 

had broken away from the coast. In the winter of 1961 nearly half of 

the Ward-Hunt Ice Shelf broke away into five ice islands (Holdsworth 

1970) . Th2 causes of this massive calving event are reported to be 

tida l and seistnic two major disturbances that occurred in close 

succession. In the past, two theories of the effect of ice shelf on 

the form of the coastline have been recorded. Nares (1876) and 

Taylor (1956) suggested that the large ice floes, as they moved west­

ward~ had fil ed away the headl and, thereby creating a curved 

coastline. Hattersley-Smith (1952), on the other hand 5 beli eted that 

the ice s!1elf had acted as a buffer preventing the wearing down of the 

hec:.dlc.nds, Ir. any case ~ ·it is th€ bel ief of the author th~-tt coasta -l 

pr'ocesses , in t~1~-~ i r normal sense: , are non-exis tant ·n the areas vf 

substanti<1 l ·i ce ~: hclf. 

Hi :Jh Str·ci"i ght CtP:tst a 1 Environment 

Included in the Hi9h St!~a.ight coastal env·ironment are th2 

shotcliP c~s 1:--f ~ - i.~. ncJ.ste~-- and Jones Sound and McClure Strait . The coast:; 

for the most pa;t ) is typified by straight stretches of s+eep scree­

b:.n1ked c'i·lffs, 12~:; to 515 m hi g h~ with frequent indcntatiow:· of short 

n?: ¥'t0\"J ·inle ts (platE~ 5). The shorelines of less relief t e .g. t~estern 

D(:von I ~d and) ~ re composed of raised beach ter·races ~ strandl ·lnes and 

lowland plains . 1ne l a:t is particularly characteris t ic at the head 

rrf u·~ e in; E~ts. The be a ch~)S fronting the c 1 i ffs ha \1 12 been observed to 

be narrow '' ... rarely more than a f ew metres wide and cften do not 

e;r t.sr:d Qbove high ~;rater m&rkil, (f1cCann and Owens 1970), whereas those 
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fringing the lowland areas are much wider. Simple shingle spits are 

usually found within inlets containing suitable current systems, 

e.g . Baad Fiord, Ellesmere Island, and larger, more complex off shore 

11 barri er ridges" have been observed in front of the larger deltas of 

the shallJwer bayss e.g. Erebus Bay, Devon Island. The primar·y reason 

for the ilbundant source of shingle for beach and talus development, and 

additi on al offshore features, is the nature of the underlying bedrock. 

The up·l ands and p'l ateau are composed of easily erodabl e sed imentary 

rocks, predominantly of a li mestone and sha le compos ition, with some 

sandstonr. 

Tidewater gl aciers are few in number in t his environment, and 

arc restricted to the fiords of northern Jones and Lancaster sounds. In 

f•icC1 ure Str(d t ~ tr:e sea ·j ce Las Lcc i1 obs,.. r·ved to p 1 ay an important ro ·1 e 
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i n the erosion of the cliff faces along Dundas Peninsula, Melville Island 

( {\. Y'C t i C p i"i 0 t VOl • 111 ) . 

Several of the inlets alo ng the Devon and southern Ell esmere 

coasts can he considered fiords, but have been placed in the High Strai gh t 

coastal environment because of the straightness of the overall coast li ne 

and the nature of the underlying bedrock. The main differences between 

t he Fh1rd and Hig;1 Stra ight coastal environments are t he re .!ief!l 

bathymetry:. bedrock and the pr-oportion of t ·idevJater glaciers . The 

f·lord s of th::: former environment are also usually lonser and r.arrov:er, 

·th,·s n·<= .. , rr.o·~A P l"ll"'~---"~c:.d ,, -, ... U\"'e ·H·tan tt1e ·in.'-et·s l'.r-l·r.y>d,_.)· f·ou --lci .;11 +'nn ' "" ~ I CL Ill I ~ ~· •' I '.) .J .... \.< 1,. . l .... l • I vI I . ' \ I J I J .I .. I .... "-· 

Hiyh Straight ~o astal environment. 



Ridge and Valley Coastal Environment 

This region includes all of Bathurst and the surrounding 

islands, as we ll as parts of Cornwallis and Melville Islands. 

Geologically, the region is part of the Parry fold belt, and along 

~nany parts ot the coast it resembles the High Straight coasta.l 

environ~c nt. Desp ite this resemblance, however, a separate coastal 

environment is proposed because of the characteristic ri dge and valley 

topography which is best developed on northern Bathurst and southern 

r~elville Islands. Taylor (1956) referred to these coasts as "strike 

coasts '' because, here ~ the diffe rential erosion of hard and soft 

stratn in the folds has given rise to an int ricate coastline which 

exptesses tre str i ke of the fo 1 ct·; ng. The more r·es i stant Y'ocks cteitte 

tht:. lo ng p. nins: .. llas and s t rings of o· fshote ;sland_., wh·il e the 

embaymc·nts are ) in many cases, the expr\:.ss ·ion of the softer s ·tr~. ta ~ 

e.g. Graham Moore Bay, Bathurst Island and Bridport Inlet, Melv ille 

Island (Pl ate 6). The orientation of the folds does change, just as 

the configuration of the coast, but on northern Bijthurst, Erskine and 

May Inlets run at right angles to the folds. It has been suggested 

that they were drowned estuaries of rivers from the south, and were 

less affected by the fo.ld ·in9 pr·ocesses (.Ar-ctic Pi.lot, vol. 1, p.l8). 

Two add itional marine features, created dS a direct result of the 

resista11t bedrock, are the structural terraces found along the north 

and south shot 2 s of P cars e S t r-a i t and P e 11 Chan n e 1 by ,Jenne s :. ( l 9 51 ) 3 

and the deltaic coasta l promontories (Taylor 1956) created by streams 
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which cross the resistant rock structures and do not terminate in 

coastal embayments, e.g. Northwest Bathurst Island. 

In areas where the folds are less pronounced or have been 

severely eroded, e.g. Cornwallis Island, a much lower and more regular 

coastline exists. These coasts are normally lined with raised beach 

terraces and strandlines, and resemble those of the High Straight 

coastal environment. 

Coastal Pl ain Environment 

The coastal plain includes those islands of the northwestern 

and nor··th centr-al part of the f.n-"ch i pel ago. These is 1 ands, vJh i ch are 

ch~racter i zed by their lJw relief, rarely exceed 150m and are usually 

drained by short~ consequent streams which flow parallel to each other 

and norma l to the coast. The bedrock is young, sedimentary rocks; mud, 

sand ~nd some gravel constitute the beach sediments. 

Sea ice and fluvial processes play a much more important role 

·in the a 1 teri ng of the r.eatshore zone than in other parts of the 

Arch i pelago. The large number of streams which line the shores have 

created v~st lowland p1ains, m~d flats and many deltas ' Plate 7). 
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Roots (1963), Taylor (1956) and Jenness (1 951) all believe that the 

presEnc2 of the numerous deltas within the Coastal Plain indicate the 

·inab·ility of vra.ves to remove fluvial sediments from the mouth of rivers. 

Dt~lta.s have br.:~en obss·tV(;d to eithe:" extend stra ·ight. offshore~ g1ving 

the ·coast a spa+.u·! atQ appearance~ or become curved, e.g. Egl i nton 

l s 1 a. nd -~ de 1 t as cur-\10 south ·'ihere strong currents exist. The gen r:: ra l 

la~k of marin0 proces ses is & direct t·esult of the semi-~ermanent to 



permanent ice cover found in the north central Queen Elizabeth Islands. 

The islands skirting the Arctic Ocean are those most affected by 

the shifting or moving arctic pack ice. There, the low relief and the 

fine coastal sediments enable the ice to easily scour the shore and 

travel large distances inland. The most distinctive feature created 

by the sea ice is the 11 pingok'1 or ice push ridge. 11 Pi ngoks 11 have 
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been reported by several of the explorers of the western Arrtic, but are 

best descr"bed by Stefansson ("1917, p.278) who stated: 

1 the b·i gges t "pi ngol/s r: near the beach are not much over 
ten feet high, if that, and there a~e some equally 
large a quarter 0f a mil ... ~nland. There are hundreds 
of them (on Lo ua heed I~land) ... between one quarter and 
one half mil e inland and t heir bases are some twen ty 
feet above sea level.' 

In a later article (1922, p.248) he wrote of the magnitude of the 

ice movements on the Isachsen Pen i nsula (Ellef Ringnes Island): 

' ... the ice heaps upon the land and thousands of tcr.s 
of it are shoved hundr-eds of feet inland und 20 or 30 
feet above the 1eve1 of high tide. r 

Another feature thought to hi3ve been the r~~sul t of ·ice movel:1ent 

ar·e the "isletsi! which are found just offshure of many o-f th~ is!ardt~> 

e.g. Brock Island (Plate 8). The islets which were 1 to 4 miles 

offshore of Brock Island VJere reported by Stefa.nsson ("1915 ~ p.99 . as: 

1 Gr·ave l r·i d9es eight to fift een fec.t high a 1 onq the 
coast with lower 1a.nd irru:1eciiately beh ·ind thern ris ' ng 
inle.nd. • 

On the Gorthern coast of Prince Patrick Islandj ~cClintock (1858, p.228) 

r·eportc~d sec:dng r-idges "40 to 60 feet high'l which had a ~,t cE:pe r 

.:>eawar d side. 

Ice rafti ng of beach sediments has also been observed to be a 
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comtllon occurrence, e.g. Southern Mackenzie King Island, the reason 

being that the fine coastal sediments are easily blown off the land 

onto the offs hore ice floes. 

Accumulation (mar ine) features formed in thi s enclosed 

environment are generally of a simple form; however, on the east 

coas t of Borden Island, bay bars have attached themselves to headlands 

which have cr ~ated enclosed littoral swamps and saline lakes (Taylor 1956). 

On the other hand, to the south, on the Beaufort Sea, large complex 

systen1s of ba rr~er islands and sp i ts have been produced, e.g. Banks Island. 

Theoret ically, th is southern rAg ·on i part of the Arctic Coas tal Plain; 

however, ·it was not ·j ncluded in the area of study. 

2. 3 COASTAL ENVI qoNr~ENTS - Tl DAL RP.t~GE 

The type of tide, tidal per iod and tidal range are important 

contra l s of co as ta 1 processes because they determine the deg·"'ce to which 

wave attack is concentrated on a particular sector of the beach. On a 

tideless coast the area of beach face under wave attack depends 

pr·imar ily on the size of the \t'Javes. On a coast w11ere a latge tida·l 

range exists, the breakpoint of the waves is never fixed in position 

for l ong, and the effect of s~rash tan operate across a wide in;ertidal 

zone if the coa.s ta 1 s 1 ope is gentle. On steep coasts, the usua.'l 

wide~ horizontal disp acement of water is re st r icted to a narrow zone, 

and a.p 11Cct t'S cs only a rise and fa ll i n ·~ 1e v.'&ter ·leve l . 



different tidal ranges. They observed that on coasts with little or no 

tidal range a single beach bsrm was usually formed, but on coasts with 

a large tidal ra nge and substantial amounts of available material, a 

multiple 'ridge and runnel' type of berw was produced. Tides also 

give rise to C'~rrents, flood and ebb, the efficiency and strength of 

which is aff~cted by the tidal range. The tidal current s are best 

developed on coasts with a large semidiurnal tidal range, and very 

weak on coasts 1ith a small tidal range. The tidal current s are lesr 

effective in mov·ing beach materia l b·9Cause of their change in direction 

with each t ide. However, si~c~ the currents flow at different leve,s 

on the beach~ thc:y affect the movE.~ment of mat~ria. 1 d·ifferent ly across 

t h~ beach flee (~ing 1972). 

The tidal environmerts of the Queen Elizabeth Islands were 

defined on the basis of tidal range, using the classes proposed by 

Davies (19 64): Macr'otirlal (greater than 3<96m ) , tv1esot i da1 (2 .13 to 

3.96m) and r"icroticial (less than 2.13m ), (figure 2. 4). o·ifficul·~ies 

arose because of the general lack of tidal observations, and the fact 

that di fferences in tidal conditions occur betw'"':en tile inlets a.nd the 

mnjor sea channels~ but a successfu-l attempt vas made v.s ·ln9 tLe tidal 

range vu. l ~:es for lar~12 tides given in the Tide and Cu rrerit Tables 

published by the Canad ian HydrograpMic Service. Supplemental mean 

t ·!dai rangt; va l ·es were collected f rom f1;"ctic Pi"!ot (Vols. 1, 11, 111). 

The regular h2igh .s of the ·t.ides are oft~n alte.·ed by \'riilds. 

L·Jinds ?Jhich b1ov: onshcre Y'<.l'ise the 'dater j ,:.= •.fel, whil2 tl1o~e vJhich b"lo' r 

offshore lower t~e level. A c~mbinatio . 1 of high cnshore winds and hi gh 

tida·l condit-ions can r~sult h1 tirla. ·l surges~ wt1i ch Ci' dSC catastrops ·it. 
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changes in the beach environment. The tides within the inlets, with 

on l y one restricted opening to the sea, can oscillate in sympathy with 

the externdl octan tide and become quite large~ or can be independent 

and be governed by the characteristic period of the inlet or basin. 

The period of the basin is dependent on the depth and length of the 

part icular basin (Defant 1958). 

In the Queen Elizabeth Islands, the tides increase both west to 
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east and no rth to south. The only area of macrotides is northern Baffin 

Bay and Smith Sound where tidal ranges of 4.7m O\ greater are 

experience=d. The size of the tides te1d to vary with chat·nel width and 

location. F0r examp le, along Parry Chan ne l the greater width of 

Viscount Melville Sound only produces a m~an tide of 0.6lm then, as 

the water p3sses quickly through the narrow Barrow Strai t, a mean tide 

of 1.28m is found. Additional water from Wellington Channel into 

Latlcaster Sound increases the amount of water wh i ch must funne l into 

Baffin Bay; hence~ the mean tide increases from 1.7lm at Beechy Is~and 

to 1.8m (mectn tide) at Dundas Harbour. Then .ar tideless conditions of 

the northern and northwestern portion of the Qu een El~zabeth Islands 

would l i8it tht part of the beach face subjecterl to wavP action . It 

would also r~duce the effect of the wa ter level variations in the 

format i on of the sho1e leads And cracks, and the format ion of currents 

and the resjll tant r2mova i of ~ ea ice from the inlet. and channels. 

The suggested tidal env irornr.·:nts vrithin the High f\ctic~ a1though 

not precisely de finedt do help in the in terpretat1on of the variety of 

beach characteristics observed th ro ughout ·he Queen El 'zabeth Isl~nds. 
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2.4 COASTAL ENVIRONMENTS - OPEN WATER SEASON 

The p re~enc~ of ice at sea or along the shore (icefoot) for 

much of the year prohibits substantial ave action, and means that the 

beaches are, in a general sense~ low energy beaches. There is a 

r·e 1 at ·i ve ly 1 ow degree of rev.Jork i ng of beach sed ·ments ~ and the a.n ·1ua l 

changes in the beach plan or profile are minor (Ving 1972, McCann 1972). 

The pr incipal feature of 1ce disintegration is the steady~ outwdrd 

progression of open water from several well defined areas of weakness 

(Schule and Wittmann1958). Nevertheless~ considerabl~ variability in 

se3 i ce remova 1 occurs from season to season \.oJ • th s o1.1C areas open 

every yef r ~ others severely congested, and a trans i t ·i on area where th ~; 

annual differences in sea ice cover is greatest. Ice drift and 

disintegrati on are responsi ve t~ several factors: wind, currents , uir 

temper0 tvr-e and~ in some measure, bathymetry and tides (Collin 1962). 

In ge n~ral, a narrow waterway , or one studd~d with numerous islets, is 

one v-;hete me 1 · i ng of the ice depends on air temperature and so 1 ar 

radiation. On the o~ her hand, in wide u1restricted waterways, 

e.g. Parry Channel, wind is the main deteY'm ·inant of ice break-up . 

An interpretation of the differences in annual beach regime 

throughout the Queen Elizabeth Islands can be m0re easily achieved if 
,--
~he coasts are divided acccrding to the duration of ice free waters ~ , 

) 

Four ca.tegJ ri es wer·e sel ect.ed, ba.sed on i c0. obser'va -~i '~ns from 1964 to 

1969 by the Canadian Meteorological Service and ice data from previous 



years, summarized ·in other literature (Ar·ctic Pilot, vol.l). The 

categories are as follows : (i) ·permanent - predominantly old ice 

which is solid and unmov i ng most years . Arctic pack ice, although 

permanent, is slowly mov ing throughout the year. (ii) Inclosed - less 

th an fo ur weeks of restr i ctive ice movement, wi th 8 to 9/lOths ice 

cove r with extensive shore 1 ea.ds. (iii) No. vi gab ·1 E. .. 4 to 12 weeks of 

open watet or very yo ung ice; at most 9 3/lOths ice cover. 

( i v) Q~ - over i 2 weeks of open itJater, centre of sea. ·j ce brea.'<.up, 

and the ice is i~ motion during t he winter under the inflJe~c~ of 

wind and curr0nts (Figure 2.5). 

The number of ice-free or open water days was computed for 

each waterway in the northern Archipelago, us i r:g op _n water to 7 to 

9/lOths n .w ·ice as the limits of the ice free season. Waves can 

form l ong bAfore open water exists in the whole channel; however, 

the presence of an i ce foot or a narrow band of fast ice along shore 

would prohibit the altering of the beacn by waves. Similarly~ wave 

a ctio ~~ can be effectively el·iminated before a ~vaterway contains 7 to 

9/lOths n ~w ice, but since a storm could des troy a smaller 

ccncentrotion cf nev.f ice, the h·igher limit was used. 

The waterways des ignated as OPEN consist of north Baffin Bay, 

Smit t1 and Lan:as~e r Sounds, Prince Regent Inlet and He11 Gate-Cardigan 
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Stra ·it , ea~h of v-1hich has constantly mov·ing ice dL~r·ing the \"linter wo~ths. 

Thtee of the four centres of ·ice brcr.kup in the J\rchipe1ago are found in 

the OP EN co.+egory - the North Watet', the Barrow Po-lynya and the 

The fourth cent re is found in the Penny Strait-

Q . "' ., • 1U·-:JC."JS ' 'lan nP I r · r:l Oft .• X:..: ! .....,. '....Jt 1 !I; ":..- '-~ • The Nor·th ~J a.t e r ·j s by fat the most 
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important and largest of the centres of sea ice breakup. During the 

winter 5 open water may be found in Smith Sound because of the strong 

winds and currents~ l arge tidal oscillations and the formation of an 

ice bridge across the northern entrance to the Sound (M.Dun bar 1969). 

By May or June , the polynya has spread south a·long the west side of 

Baffin Bayinto the entrance of Jones and Lancaster Sounds. The time of 

ice removal in these waters is very important to the sequence of 

breakup in the rest of the Archipelago, because the former- acts as a 
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route for ice dispersa l to the east and south. In the OPEN water area, 

the rule :s for the inlets to become ice free after the main sea cha nnels. 

Sea ice removal in the NAVIGABLE region depends on favourabl e 

north &nd west winds which b. ow the ice to the already ice free w~ters 

ft~r-th,.::~"' ec-2:;t. T~ e : u(·ro~\J chan! cls ad nume ous islands, fuu·nd in th·!~ 

categGry, 1 imit the p. ssibie wa:-:e fetch, as does ·the remnant ice floes 

usua1·1y found ·in l:he centre of the channels unti l late summer. The 

channe l s are usu ally navigable by mid- August or early September, and 

are covered by new ice by mid to late October . 

A considerable amount of second or multi-year ice is found in 

the ENCLOSED waters, and, to some degree, the exten~ of ice break-up 

gover-ned by the amount of old ice which enters from McClure ()rid Byam 

~lart ·l n Cllan11el s the previous summer. Fr·actur-es and 1 eads are observed 

radiating outwar-d from he:tdlands, and a considerable shore ,ead is 

usua 1·!y developed alor1g the coasts by early September. Contrary to the 

OPEN re:ion, the inlets generally become ice free before the larger 

sea channe 1 s .ecau::;e of the effect of rivers and th -:. presen ce of 

youn~-;er, th·inner ice. Viscou~-i~ Me·Jv·ille Sow1d co,n be cons ·idered a 



transition zone between NAVIC'P,BLE and ENCLOSED ice conditions 

because of the great year to year variation in ice cover; however~ for 

the sake of simplicity, it was grouped under the latter category. 

The ~egion designated as PERMANENT ice cover was difficult to 

delimit because of the lack of sea ice data for the northwestern part 

of the Archipelago. It is thought that the ice cover remains solid, 

although excessive puddling and ice fractu res occur. Ice may be set 

ir restr·icted motion once every three or four years, but even in the 

most favour·able cond·itions V·:hich occur once every fifteen to twenty 

years, the ice cover rarely becomes less than 7/lOths ' (Arctic Pilot 

vo 1 . -~ ' 1 97 0) 

Fr~"~m t he forego·inq st.utcments, it can be surn;narizec that the 

i ce free ronditi0ns vai~ both with year and location, with comparable 

vari ations res ulti ng in the annual beach regime. 

2.5 CONCLUSIONS 

Five distinct coastal environme nts are fou nd in the Arctic 

Archipelago: the Fiord Coast, the Ice Shelf Coast , the High Straight 

Coast:~ the Ri dge and Valley Cra.st, and th2 Coasta 'l Pl· in. Fur·thermor2, 

thr'ee d·i v~ s ·1 OdS based on t·i da 1 :--anges, and four based or. the 1 eng t h of 

the open water season can be delineatec. Many observations have been 

made, a~1d considerable overlap was found w:th t he re:ultant divisions; 

thu:-, some gen·2tal s ta.terr.ents are now in order. 

The under-·lying bedrock, or geology, ~s importctt:t to the 

characteristics of the coastal environm2 .. t becRuss it det~rmines the 

rate cr· erosion, conseq t:entl', the relie? and ·fo y·m of the coast and ~:. he 
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availability of sediment for beach development. 

In very general terms, each of the coastal environments can be 

associated with one or ~wo agents of formation. For example, the 

3i 

Fiords are associated with glacial erosion, the Ridge and Valley with the 

geologic evolution (folds), t~e Coastal Plain with bedrock, easily 

eroded, and the High Straight Coasts with isostatic uplift, e.o. raised 

beaches, and the bedrock, easily eroded. Since the initial shaping, 

conventional marine processes have modified the shoreline in each of the 

environments, but to different degrees because 0f sea ice and tidal 

condi t ions and the resultant amount of wave action. 

The areas cf the largest tidal range and swiftest currer~ts vve ' e 

also th8 same as thA OPEN ice cover region. However, the coastline of 

these areas was u~ua l ly very h i g~ and steep which almost negates the 

great possibilities for beach development and coastal processes. 

MorEover~ a large proportion of the ice coasts~ excluding the Ice 

Shelf, were found there. At the other extreme, the ENCLOSED and 

PERf•!ANENT ice cover reg ·i ons conta ·i ned near' tid .less conditions a.nd very 

lm·J coasts consisting of fine sediment. The result is very little , if 

u!I.Y, wave action, but the S\AJash zone is concen·~-rated in a narrcrw band 

and the beacl1 sediment is quite fine, thus more easily r~worked and 

transported. Therefore~ conventional marine processes, ~lthough 

rest r icted D.l"t: st. i 1·1 poss i b ·1 e, part i cu 1 a rl y wi til the pr·esenc2 of the 

nurnt? r ous str'earns •r!h·ich 1·ine the shores. In the transiti0n zone which is 

characterizea by steep plateau or raise~ bea~h shor: l1tl2S, the length of 

open water sea~on varies cons~derab1y from year to ytar but is 

sufficiEnt, Rlong with th~ mesoti rl al ranges, to produce simpl e 

~.cc~~mulo.t·ion forms and subc·tantial shingle beaches. 



CHAPTER 11 ·1 

THE FIORL CO.'\STAL ENV IROlH,'!ENT 



3.1 INTRODUCTION 

A very high, rugged coastline extends along the eastern shores 

of the Canadian Arctic Archipelago, from Davis Strait north to Smith 

Sound . The eastern edge of the highlands, composed of Precambrian rocks, 

grani tes and gneissess has been dissected by steep walled Norwegian-type 

f iords which, in many places, are intersected by glacial tongues. The 

1nountainous t~rrain usually cnly extends inland to the head of the 

fiords w· er . a lower plateau or up1and topography exists. 

Detail ed investigations of the Fiord environment were cent. ed on 

rvw.l:inson ··n·i et (77° ·15' N:-. 80° 15' L1J), in southeastetTI El'!esmere Is·. and, 

and c r' Pond I n 1 e t ~ E c 1 ; p s e So :.m d ( 7 2 o 4 6 ~ N , 7 2 ° 30 ' ~~) , i n north~ Ci. stern 

B ~ ffin Island. R~~ear~h at Makin on Inlet took place between July 1~th 

and 31st from ~ hase camp situated on the south side of Swin~erton 

Peni nsula. The i~vestigations at Pond Inlet-Eclipse Sound were less 

deta :1ed th n those at Makinson Inlet, but were to reinforce the data 

already collected at the former location. The ba . e camp w~s located a~ 

the s~tt le~ent af P0nd In l et and the research was conduct~d between 

August 26 t h ,1d :eptembe~ 8th . 

r~Al·~INSON INLET, ELLESiv1CRE I -LA!~D 

3. 2 COA.s· "/\L !··10RPHOLOGY A~~O P.J\THYt·1ETRY 

The ·j rd e , is very deep throughout its ent ·j re i fl ngtl~ !' and 
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especially so at the entrance where depths of over 300 fathoms are 

recorded . Off the tip of Swinnerton Peni~sula, depths of up to 129 

fathoms are suunded, but in both of the arms of the inlet lesser depths 

are encountered. In fact, there is shoaling to less th~n 20 fathoms a~ 

the head of the arms (Figure 3.1). 
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The entrance to Makinson Inlet is bordered by high, steep, talus­

banked mountains, frequently separated by glacial tongues, rr;any of w!1ich 

extend into the sea (Arctic Pilot Vol. 11). The inlet divides 45.6 km 

from the entrance to Svvinnerton Peninsula, into a south~"'e (~t,;; (n arm 2F3.3 km 

long ~nd a nort nwr.s tern arm 43.4 km long. The southwestern arm is 

basi ca. lly bordered by d·i s sec ted p 1 a.teau countr-y frin ged by raised be; ch 

terraces and large delta ; lut the coast of the northwestern arm, 

particu ·larly the eastern side, remains steep 9 though there are rumer0:Js 

deltas and alluvial fans present (Fi ~~re 3.2). 

Sw "nnertcn Peninsula9 upon which . the base camp was located~ was 

the site of the most d€ta ·lled field investigations. Here 5 the re .lief 

was less than 300m , and the topography ~us that of dissected limestone 

plateau. The coastal morphology varied from sheer cliff at th~ tip 1f 

the pen i n s u ·1 a to a 1 o vJ 1 a n d of ct e 1 t as and a 11 u · , i a 1 fa. n s at e ·1 the r en d o f 

'Black Band Valley. In general, the modern beach ·is very narrow and is 

backed ty a series of raised beach terraces and talus-banked~ plateau 

slope~. Pt the sea~ard edges of the raised beach terrace~, fros ·. 

cracks a !)peat~ed to be centr~s of t.henna·l erosi(Jn (melt·ing of gt'ound ice), 

a prc~e ss which had led to severe gully erosion on the terrRce slopes. 

No curve c:r1, as yet, be drawn to represent the rat-2 '1f ·isostat~c 
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rebound from the last glaciation for Makinson Inlet area; however, 

the limit of marine transgression seems to have been between 100 and 

140 metres A.S.L. 5 at about 8,500 to 9,000 years B.P. The only 

shoreline sample that has been radiocarbon dated, from Makinson Inlet, 

was found at approximately 73 metres and dated as 8,200 ~ 220 years B.P. 

(Dyck and Fyies 1964 ) . In addition, wood samples found by the author at 

4.27 and 33.2 metres have been sent to the Geological Survey of Canada 

for radiocarbon dating. 

Aithough the geology of the area has not been completed, field 

observations indicate that Black Band Valley' is primarily co~posed of 

the mid -~ Cenozo·ic, Eureka Sound Formation, while the plateau is composed 

of Pa.l eozoi c ro - ~. The pl a teat! ,, tl.e tal uc and the beach sediments 

which lie beneath consist primArily of limestone shingl _ which va~y 

from approximately -8 ¢to -1 ¢ in size. On t e other hand, the beach 

s .di ments fror. t:i ng 1 Black Band Va ·11 ey 1 consist of a i a rgeY' propor·t ion 

of fine sediments. These finer sediments are the result of the under­

lying bedrock of the Eureka Sound Formation \'h ich consist ma'nly of 

sands t one and shale with numerous coal seams. The source and type of 

sedimenLs are important to know, especially when analysing the size and 

shape of he sedi ments found &long the co3st. 

3.3 TIDAL CONDITIONS 

Tidal observations within the Arctic Archipela:o are very 

1 i mi ted !I and ~ t i s dcubt fu ·1 if any m2a s '.!rem0nts have been made in 

~1aJ·inson Jn .l::.t . .Accord ·in:;-ty, a br'ief e/ &mination of daily tidal 



TABLE 3.1 

TIDAL CHARACTERI STICS 

Comparisons of Makinson Inlet with Resolute and Pim Island 

Location Higher High Water 
fviean Large 
Tide Tide 

Resolute 
Bay* 

r;rn Island* 

1. 60 

2.19 

Mak·i nson I li let 
(proposed 
values bas ~d 2· 02 

on cbservations) 

*published values 

Location 

Resolute 
Bayc 

Pim Jsland 0 

~1ak·i nson 
Inlet 
(observed 
values) 

~1ean 
High 
Tide 

1. 46 

2.28 

2. 11 

o predicted v~lues 

2.00 

2.80 

Mea.n 
Lmv 

+ Tide + 

0.59 

-0.06 

0.04 

Lower Low Water Mean 
~1ean Large Water 
Tide Tide Level 

0.30 -0.10 1. 00 

0.61 0.12 2.19 

0.47 

Mean Range 
Water Mean 
Level Tide 

0.97 0.82 

2.30 2.22 

0. 98 '). 90 

+ level of averAge tide above or below mean water level 
All heights given in metres. 

Range 
t~ean 
Tide 

·1. 30 

2. 86 

2.46 

Period 
(i n hours) 

10 

12 

12 l /~ 
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changes was carried out at •rern Cove•, from 1500 EST, July 24th to 

1730 EST, July 25th, with measurements of water level every half hour 

(full moon occurred on July 26th). For purposes of cnalysis, the 

Makinson data was compared with predicted values of tidal height and 

tirnes for P·im Island (Smith Sound), the closest secondury port, and 

Resolute Cay J the tidal reference port (Figure 3.3) . 

It is apparent that the mixed, mainly semi-diurnal type of ti de 

occurs at all three localiti~s~ and that the range at Makinson is 

greater than at Res o ·1 u t e but 1 e s s than at Pi m I s 1 and ( Tab 1 e 3 . 1 ) . The 

esti1nated range at m an t-;de f or tLe r .~&kinson site 1s 2.~6 m0."Lres. 

Makinson Inlet and Pim Island are qlite close, but the tocal situations 

are different~ P·i m LJle.nd L; ~ituated on a ,najor sea channe-l!> Sr:~·ith 

Sound > ''Vhile the st:dj ._,·)te '' ies \·rithi .. a fiord linked ·vo th ·. se& by:~ 

r.a.rrov.t chanr:c;l , It is considcre':l t.!1 at phi?.se differe.H::es may exi~. t 

between nL-t thcrn l3affin Gi.~'· and inner Mak ·i nson Inlet, and a·lc.o that 

there m;:~y b~ ·ind2pendent oscil'lations 'Jithin the inl e t governed by 

the pc:r·i od of t.he b; s ·in. 

3.4 SEA ICE CONDITIONS 

Ice cover d3 ta for r 1C:. ~' i nson In 1 et is very meagre, a:- the a.er·i a 1 

reconnaisance fligl1ts in the past have concentrated on major sh'pping 

chann2 ·1 s ~ !:: uch o.s L ancas 1~.er Sound - ba. rrow Strait, or a. r-ee; s of lri gh 

prior··ity rcsea.rch projects. The account ,,1h ich fo'l1'.)'r'!S cons·is ts of a 

"''0!1lp·i1atirH1 fr·om severr.'l sources of ice c ndit~ons in preti ou~ yea.rs. 

FrZI OR TO 1965 

Ice d~ta. for' the y · ·2 c~ts 19!~. 6 to '1958 is st.m!ma r-·i zed in 
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Swithinbank's Ice Atlas ("1960) ; however, the nearest station to 

Makinson Inlet was east of Smith Bay. As part of the 'North Water ', 

the open water season was long, generally lasting from the end of June 

to mid-September, a period of 75-77 days. 

In the summer of 1959, much of the Arctic Archipelago, including 

Makins~n Inlet, was photographed. From these photos, a detailed 

analysis of ice conditions within the inlet is possible for one 
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instant in time. From figures 3.5, 3.6 and 3.7, it is evidert that the 

northern arm becomes ice ftee before either the southwes tern arm or the 

entr·ance to ~1-:t :-'! nson In 1 et. Neverthe 1 es s, floating g 1 aci a., ice 

occurred in considerable quantities, especially opposite the large 

calv·i ng glaciers halfway along the nor-thwesteY'n U.i"~q. Remnant ·ice of 

f · ts t and s ~c0nd year o.9e h1as 1 c•.., .... e ' et 1 ong the (-last ac ng s ho "e ·1 i ne. 

L1 the southern pcr-t·ion of the inlet, open \•Jater ex·fsted at the head, 

but near-·ly co~lplete cover of fir·st yea.t ice ~xisted elsewhere. 

Photogra r.y ·fi own on August 17th, 1959 s indicated comp 1 ete open "' ter 

cond ·it :ons for tl'e area s described abovr.. 

1965 - 19'/2 

The ice observations of the Ice Division of . the Atmaspheric 

E11vironmuntal Service and of the Polar Continental Shelf Project provide a 

useful, though ~t.coiTlple te!> recor"d of ·ice condi ti ons dw ·ing this period. 

The ddt a f J r the e i g 1 ~: year-s i s s umm a r i zed i n F i cures 3 , 8 , 3 . 9 u n d 3 . ·1 0 , 

v s e r ·i e s of m<1 p s v~~ h ·; c h ·i n d ·i cutE: s :'1 a ·i c e content and t.y p e i n the t hi r d 

week of t:?ach of the thr~e months of July, August crd Sr;.ptembcr. The 

appro3ches to Sm·i t h Boy in the a rt::a of th~ ' Nor·th ~:ater' ( D~.mba1 , ·: 969) 

ar·e usua·l-l y op.:;n by l &te thm 7• ot ear·ly July, but Srcri't:h [~u.Y -· rt:a!c=nson 
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OPEN THROUGHOUT BY A UG. 20 

!968 

OPE.f\J '>N.L\T[F~ 3Y /.\ )G . 2'7 
(within inlet only) 

!97 0 

(Only one reading ) 

197'2 



OPEN TH!" OUGHOUT BY AUG. 20 

_.·.·.·Of>E.N 

(f.• 
1966 

1367 

OPEfl W.:\TEF{ B'/ t·.UG. 27 
(1Ni tliin inlet only) 

i970 

1972 
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Year 

1965 

1966 

1967 

"19 68 

196~ 

1970 

1971 

1972 

TABLE 3.2 

LENGTH OF OPEN HATER SEASON 

Break- Up 

Smith Bay = July 30 
Makinson = Aug 20 

Smith Bay = Aug 27 
Makinson = Sept 24 

Smith Bay = Aug 13 
lvtak i nson = Aug 20 

('·nli th Bay = Aug 20 
Makinson = Aug 27 

Smith Bay ~ A~g 27 
Ma.--i nsol! = Sept 1 · 

Freeze-Up 

Smith Bay = Sept 24 
Makinson = Oct 8 

Smi~h Bay= Oct 8 
Makinson = Oct 22 

Sept 24 - Oct 8 

Smith Bay ~ Aug 30 
Makinson = Sept 24 

Smith Bay ·­
Ma ·inson - Sept 24 

Insufficient Data 

Smith Bay - Aug 11 
Makin_on = July 25 

Insufficient Data 
Sept 1 - Hard to pass 
through Smith Bay 

B~' eak·~Up Not Sufficient for Navig'ltior 

No. of 
days 

25 
49 

42 
28 

48 
4'1 

10 
28 

28 
14 

20 

44 
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Inlet remains blocked by solid fast ice until at least the end of Ju.ly. 

The observable trend has been for Smith Bay to be open by August 20th 

and frozen over, or sealed off by pack ice, by September 24th. Arctic 

pack i ce usually enters Smith Bay from Smith Sound-Kane Basin by mid­

September, and in many cases has built a narrow but strong barrier 

across the entrance. 

Inner Makinson Inlet, i.e. the northwest and southwes~ anns, :s 

usual ly open, or partially open, by the end of July. The areas of open 

water , as observed in 1972, tend to occur near the mouths of streams 

(several) or near headlards or large tidewater glaciers (Figure 3.11). 

The normnl open water season lasts trow August 20th to late September, 

whi c. result s in an averagE: O) en \~later pe:"i od of 32 days. On many 

occurred at the wouth of th~ Pntra~ce channel to the inlet. Wh~n a 

compari sor of the ·ice conditions observed in July of 1972 \IJas made v.rith 

those of July, 1959, several similarities were noticed. The areas of 

glac-ial ice ground·ing 9 the width and configur'ation of beach fast ice!< 

and areas of open water were formed in almost the same locations. 

Therefore~ breakup may well follow a similar sequence each year, but 

with differPnt timing. 

3. 5 BE/~CH AND NE.ARSHORE CHAF~ACTERI STI CS 

BEACH PROFILES 

A set of seven beach profiles, ~hree on the south shore a~d four 

on the north, was sur-ve.,'ed along i_he shore l·i ne of Sw1nnerton Peninsula. 

The ~rofile sites we•e selected to represent the various beach 
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condi t ions found in the area . Profiles A and F (Figures 3.1 2, 3. 13) 

are typ ·ical of s .• orel ·ine~ crossed by many small stream channels; both 

contain a tidal lagoon backed by low beach or dune ridges, and show low 

flat relief. The barrier beach ridges damming the main lagoons have 

been creatE.d by normal processes of longshore transport of beach 

material 3 and are usually reached by small inlets opposite the main 

stream channels. Former lagoons further inland have been in~illed by 

alluviunt VJhich dries out in summer. Profiles Band Care locatt:d or. t he 

north and east shores of 'Tern Cove'; the former is characteri z. 12d by a. 

.Jer·i t:..> of smal l ridges creel ted by vJa ve action due to r'efract ion, c. nd 

the latter has a StLep~ na: 0W! active beach LOne al~ a narrnw tida1 

i agccn. Profil i-; s D and G are r·epr·esentati ve o·r the b _ac.hes near or 

bea~h zon~ ~ bac :ed by rai:ed bcac~ !2rr~ ces. Profile E is repres~r tat i ve 

of the w1de, re ·latively flat shore at the ncr't'ler;~ end of 'Black Band 

Va ·11 e./' . J\ featw~e, common to most profi 1 es, is the steep s 1 ope 

sect i c n w rd c !1 occurs j us t above ;nc~ an h i g h t i de 1 c · · e l • T hi s i ~ , i n 

p?.rt, a prodL1Ct of the coar-se size of the beach nlater·ial which is 

la.r·gely £jrc:~ ve ·l, and r·epY'esents a wave Si'Jash gr'adient steepened b.Y the 

combing dowr of s edi~ent by wave action ( ~cCann and 01ens 1970). Ice 

cored bars or ridges occ i;~ or some profiles in the i tert1da1 LCne. 

at. s·1te 

The: south shore p:--of·J 1 e~. !• / \ , B and C, slow something ot the; 

n ;. denths of 1 ., c::. 
l ...... ~etres were record0d 20 
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approached i ts low. Greatest overall slopes within the beach inter-

tidal zone exist at sites C (20%) 5 D (23%) anr G (22%); sma l lest over-

all slopes occur at sites B (7%, ~nd F (1?%). 

BEf\CH SEDI ME! 1TS 

Compos ite samples of beach material were collected at selected 

points along the beach profiles , at sites A,B,C and E, normally at the 

first raised beach ridge, at HHJ t and at MHWM. Additional samples were 

taken of the Material on top of t he nearshore ice at sites A and B. 

The material was sieved, the various sieve fractions weigh d, and th ~! 

size distribut"o1 investigated, using ~tandard mom~nt measures. In 

addi t i on, th~ a!~ and£ axes and the least rarlius of curvature~' of 

25 pebbles, between 4 and 64 mill imetres !'I Here mea~tJred. The purpose 
....,., 

Vias .o ana lyse th- shape, r·oundness and sphericity of the beach 

sed ·iments. The rn . thad of 11easurerr:ent and formulae used in the deter-· 

minat ion of the shape indices are given in Appendix C. 

Tn gen~ral, the beach zone along the 

south shore of ~winnerton Peninsula is composed of poor to moderately 

sorted gro,el. There is no apparent regular variation in sediment s ize 

along t i c shore ~t ich was profiled, but further east, towa rd the end of 

Sv:i nnertori Per, ins ul ~ ) the beaches are bu ·i l t of fine grave 1 s to very 

co ai~s llia ·te ·ial of cob".le size (base of the s· a~i' ). A pro;·wunced 

across-beach sorting f di~ferent kinds occurs at p~ofiles A and 8. At 

!\, the sed·i mt:!nt becomes finer with d ·j stanc-:. sea "F rd, while o.t B, it 

bE~comes coa'"~>er sea\~Jard_. Site f; is more exposed and ·l·ikely to r-ece·;ve 

greater wav2 d~t : cn , thcreforg thi pattern is teadily exp !Lired. Sand 
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size material makes up only a small proportion of the beach samples 

pr'oper, but increases to 12 and 50% in the materia 1 co i 1 ected on the 

surface of the ice, which fact substantiates the view tt,at this material 

has been carried out by the streams during the spring flood period. The 

sediment or the floor of 1 Tern Cove' (not sieved) was a compacted fine 

sandy silt. A majority of the sediment samples collected, especially 

thos e from the Eureka Formation, were positively skewed. 

The range of sedim~nt sizes along the north shore of the 

peninsula (l late 16) i s similar to that along the south shore3 hut 

there are 110 significant variaticns in _orting vn1ues or mean size 

valu2s acro:;s the beach zone. Tl.is may indicate that the soutr. shore 

is an area (If sreatcj·· wave ar;cion, i.e. tnore pen water, '!ofl~!(:;i" fetches. 

Lon~ shore movem:·n·t~ of LeBch nate. i ( 1 ocr~:;l\~~ .:;n !~ cth she. res cf the 

peninsula~ but th~ ~ain ~curce of sedim~nt in ~he w~der beaches appears 

to be t h:... input -~·rom rivers and streams eluting the flGod stu~-=>. 

(2) _?j_1.,9.pe 1\n~-,_Lysi~: The principal mea::urc-;s uf qrain shape us ..:d ·in 

thr; c. nalys ·j~ ; of the beach sodimentc \"t'ere rlatnes:: and \"OU!1d!leSS rat·ios 

(Cuilleux 1947, ·1952; and spher' icity a.nd shape indices (Sneed and Fol!/ 

1958, Zingg 1935). An examination of the mean values of flatness! 

roundne s and sphericity indicate ~ever ~l trends. The majority of 

beach sedi m€ nts ~~11 into the Zi ngg shape index of disc, except for 

profile C ~·~ ·:e rG a tod shape predominated~ The Sneed and Folk share 

index is mor·e deta ·i -led; consequ-:ntly, the r·esults reveal ed sed iment 

shape: r angi 1g from tdaded to very platy. Fcl~ (1965 ) f,und that 

river'S tende·' to produce rod~-·ike pebbles and beache~-s ctisc·- -like 

pebb 1 es; t : .ere fore s thx:: p re:.r~nr:e o 1: t:1e rod shaped pebb l9s a.t pr-ofi 1 e C 



can be explained by the proximity to the stream mouth. Sediment 

shape influences tractive movement in that round particles can roll but 

discs shuffle along, hence the large proportion of disc-like pebbl es at 

Maki nson indicate the latter mode of longshore trans port (Bluck 1967). 

Flatness ratios were slightly higher (303.2) on the southern 
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side of Swinnerton Peninsula than on the northern shore (292.3); 

howe ver~ no cone·! us ions can be drawn because only one profi 1 e was 

samp l ed on the north side. The mean flatness value for all sediment 

samp l ed \•las 299.2 . The small number of sediment samples examined from 

along the shoro prevented the de t ection of any trends in either 

dir·ection , but the mean flatness tatios calculated for samples taJen 

froiT, acr\)SS the beach ·j r:di cat ~d r1n expect ed trend. It via s observed tha.~.. 

the .2bb 1 cs i ncr-ensGd in f .l =jtness ups 1 ope ftorn ~~Hl M ( 253.4 ) to th :1 

raised beach ridoe where the highest values (374.1) were r2corded. 

O~posi ·e trends were fou~d across the beach when sphericity and 

r·oundne:-:.s para.rr1c~ters were calculated . The greatest ·p '1 er··ic1ty va1 es 

and roundness rati os (214.5) were discovered at MHWM, and progrcss ·ively 

decreased ups1ope to the non-active beach. The higher values at MHWM 

are belie ved to be the resu lt of the greater amount of wave actior tc 

Hhic:h those pebb.les are subjected. 

Littl~ aifference in sphericity or round nes s were observed 

between the rorthern and southerr shores of ~~ ·nnerton Peninsula. The 

sirni-larity in s ~ di m0.n~ cha~·--acteristics on tha tv;o shores ind icates that 

there i .-probably li-'-.tl e d·iffe-tence 1n t~~~ v.;ave. r-c;g ·ime or length of open 

water season betvteen the two br nch~s of ndk i nsm~ l n l e·t.. The meo.n 

roundness y·iJ.tio :1nd sph2ticit) v1lue) fo ·r al l of th~~ sediment su.m~J led 'l 



was i85.3 and 0.561 respectively. 

These results only represent a smal l portion of the coast, and 

before beach sediment characteristics in ~akinson Inlet can be 

generalized, a considerably greater number of samples will be needed. 

FROST TABLE DEPTHS 
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Measurements were made along profiles A,B and C , on July 20th, 

and along profiles D toG on July 27th (Table 3.3). The gre2test depth 

to the fros~ table was usually found at h·igh high wate\' mark, and 

values decreased both landwa rd and seaward of that point. The mean 

depth at all sites was 50.1 em. On the first raised beach ridge, depths 

ranged from 34 to 45 em, and at the se-ward end of the profiles, f :om 

15 to 46 r~. Aspect and sediment size app_ar to plty only a minor role 

in dete rmi ning the thickness of the active layer, though the greatest 

thicknesses were recorded at site A, which is south facing. Spot 

measu-rements thr'ough the silts and sands of the tidal 1 a goons gave 

active l~ye~ thickness~s of 90 em or greater (Figure 3.13). 

BEACH .l\ND NEARSHORE ICE CONDITIONS 

A variety ')f ice conditions was found within the nea rshor·e of 

f1akinson In1::;t i n ·1972. The most common condition is that wh.:ch 

occurred a 1 ong the southern s h':,re of Sv.li nnerton Pen ins u 1 a, exc 1 ud i ng 

'Tern Cove. 1
, vJhere an ice root of varying w·idth with ~.maximum thickr:ess 

of 2.5 mat l ow water mark, occurred (Plate 19). Since the ice foot i s 

not dis rup· __ ed by tidal .c1ur:ttwtions, it had only been appreciably 

altc~}~e d by mid J uly at th2 mr.l.in stream outlets. 
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TP.BLE 3. 3 

DEPTH OF ACTIVE LAYER AT BEACH SITES, SWINNERTON PENINSULA 

Ra ·i sed Top of HHvJM MH\·vM Edge of Mean Mean P\spect 
Beach Active ice or Depth Gro.in 
Ridge Bea.ch water Size 

( ¢ ) 

IJ5.0 70.0 67.0 46.0 57.0 -3.29 s 

31.0 45 . 0 38.0 15 . 0 3?..2 -3.52 SE 

34,0 26.0 27.0 ~0.0 29.2 -3.27 w 

25.0 46 "0 52 . 0 23.0 36.5 -3 . 00 N 

46 .0 56.0 57.0 19.0 44.5 -3 . 63 N 

60.0 61 • 0 55.0 23.0 49.7 -2.50 N 

50.0 56.0 30 . 0 45.3 -3.10 NvJ 

39 . 5 46 . 4 50.1 47.5 26.6 
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The fracture zone, \<Jhi ch exists furthr:>1; off:;hore, varied in 

widtl1 from 60 to 120 m, and contained from four to six major tidal cracks 

or leads. With a tidal range of 1.9 to 2.5 m, the fracture zone is well 

defined. The destruction of the ice proceeded rapidly within the 

fracture zone, as meltwater drained into the tidal cracks, which 

widened into l eads ; the ice separating the widening tidal leads broke 

into smaller piece5 which eventually melted, leaving a band cf open 

water . Circular pressure ridges of old ice were observed at sany pla ces, 

particulRrly between the fracture zone and the offshore sea ice. Cracks 

and lea.dc· wer·e created, like spokes of a wheel, around thece ridges, 

iflhi ch became furth t:: r centres of early ice destruction. 

f\t a few io-:ations around Swinnerton Peninsula, 'Ter·n Cc·ve' and 

the north shore of 1 8lack Band Valley 1
, , fringe of open water already 

existed by mid-July, ?nd only a narrow strip of beach fast ice remained. 

The reasGn fer the early melting of the near:hore ice at these locations 

was the discharge of numerous nearby streams. The fluvial debris, if 

not deposiLed too tt ti ckly on the ice, had accelerated surface ablatio~, 

and the l a:"ge inpt~ ts of freshwater had melted the ice -~_situ. The 

jeach fa~t ice remaining in these areas consisted of a series of ice­

core~ idges located iust above or below mean high tide level (Plate 24) . 

The ridges were for·med of 1ce attached to the bea.ch siopr., and were 

cove "ed b_r be a h grave 1 s or fl uv·i a 1 debr·i s) 20 em or more thick. These 

r-idges wer-e probab 1y for·med by the bu i 1 d up of ice dp·: i n0 th~ previous 

fall fr··2ezeup~ J.wi may 1"el~l exist for more than one season!/ especially 

i f littl a wav. action occurs. Pieces of ice u~ to 30m in diamet~r 

become grounded on the ,,idges s and produce an irregJlar barri er betw~en 



the beach and the offshore zone (Plate 26). The ice cored gravel 

ridge protects the shore from wave action and ice push. In some cases~ 

th~ grounding of ice floes, i.e. near the ridges, altered the lower 

beach face slope and moved very coarse sediment upslope. 

EFFECT OF STREAMS ON NEARSHORE ICE 
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During the spring melt period, streams have a considerable effect 

on the melting of nearshore ice. At this time, flood-waters discharge 

acro_s the surface of the ice, resulting in the removal of snow cover 

and in the expansio,, of the tid.3l leads. The streams e:1tering the sea 

from th~ plateau area at the western end of Swinnerton Peninsula had 

small drainage basins~ were vel~ cold and carr~ed v~ry ~ittle 

suspe ~1ded __. edi ;,,~n t.; tl,eir _ffect 't!as ni imt"d (Fi gu e 3.12). The s r eams 

entering the SE'a from 'Blaci/ Band Valley' Jon the other hand~ i':1. ppeared 

to have larger discharges and carried large amounts of both bed l02d 

and suspended sediment onto the nearshore ice. Even at the e:1d o-f 

July, when di scharges were v2ry lo~', suspended sediment was still 

being deposited on sea ice. When piled in ridges on the ice, the 

~~2d·in .ent tends to protect it from melting, but more usually it was 

depos i ted as a thin layer and hastened the melting process . Each of 

th0. t i ver iTiOUU- s acted as a fo cal point for break up, a.nd Ly the end of 

July, the i~olated .ections of open water joined +o form a wide shore 

lead. The ~ar~e r waters of +t2 latter streams also ~nhanced the 

break-up and me lti~g pro .ess. Simi,ar effects were observed at the 

norther-n end of 1 lllack Band Va11e_y•. 
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POND INLET - ECLIPSE SOUND, BAFFIN ISLAND 

3. 6 COASTAL MORPHOLOGY AND BATr.Yf~ETRY 

Pond Inlet is the easternmost of the three inlets which extend 

from Bafti11 Bay to Lancaster Sound, separating Bylot Island from Baffin 

Island. The i11let, entered from the east between Cape Weld and Cape 

Graham r ore, is a deep and ~arrow fiord which widens into Eclipse 

Sound approximately 75 km from Baffin Bay. The depths charted wiLhin 

Pond Inlet var·y fr0m over 300 fathoms at the: eastern entrc.nces to o1et 

500 fJ.thoms a l: ·its na. "'rowes t sector n(.la r Ce 1 oe i: Is 1 and ('i~:dr-og ~~ap .. i c 

ch&rt /055 ~ 1969). Much sha 11 mver· depths of less than 200 f~th~J! 1S ere 

recorded ~vi thi il Eel ipse Sound vhi ch ·j s also considerably wide·!" th 3n 

f 1 n d I n h :: t ( F ·i g u re 3 . l 4) . 

The coa_ta l morphology of Pond Inlet is similar to of rnany 

otlv; r cc:ast fiords. The inlet is bordered by very high ~ ~. teep 

mountain~ and there are several large glacial valleys containing 

g·lacier·::: v~hicl t each, or nf:u rly reach, the sea (~igure 3.15). At the 

nri l cs cf the (:Oos t :t I·Jh i 1 e h2 ·! ghts of 800 m are not uncomm0n at the 

st1oreline . T~is stra~ght ste2p coast con t inue ~ along the north shore 

He . e, u ·H? coo.s t takes the form of a 1 ow c 1 iff 
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foreshore. Long peninsulas of morainic rnateria 'i a.nd bott'!ders, together 

with the deltas of the larger rivers, e.g James River and Salmon River, 

give the south shore of Eclipse Sound an irregular configuration. The 

marine li nrit ·in the area is at 200m on the highland adjacent to Mt. 

Herod ier, and at 1east two marine terraces, 10 and 20m A.S.L., have 

been recognized a1ong the rock coast in the same vicinity (T. Mathiassen 

1924) . 

A low coastal plain bac!ed by low sandstone hills occurs en 

south\\'es t Byiot rs ·!und. In add.-ition, the large rive~·s v.Jh~ch cr'oss th/~ 

ar'e~ havs prov·idej the fine sand neces::;ary for th. for-mati on of the mC!ny 

of·fshore spit~:; ~lYKI bars which may h ... observed. To th2 north 9 Navy 

.~ ol ~.·:,a~ !J let in:_ bu L near· the nri dd ~ e of the in ·i e t, tile s hor<:>s rise 

steeply from t~e sea to heights of up to l ,200 m. 

The 1.:ost detailr-:d invest·igations of Pond Inlet ~· Ecl·ipse Sound verc: 

catrisd ou· alor;9 the south shore bet-:een the sa-lmon River and Black 

Pchrt, 0.nd a rapid reconnaissance wo.s also completed of the coast 

betw!:!0n e·l ···ck Point i.1nd i~t. Herodier. There are a. series of bights, 

west of the settl~ment of Pond Inlet, wh ich contair1 relat~vely wide, 

sand.y beaches (P.IElt.e lt:l) bt:c,:.ed by a series of lmv hills (70 m). P,t 

either end of tt·~~ bigh·l:s are lov1 bluffs (P.iate 13) crmposed of coar-se 

grave l or b o u 1 r~-::! r- ~~~ ;.1 t e t 1 :1 1 
• S iv; a ·1 s ~ b l.J u 1 d r: r::; l1 n d off s 1 1 ore bars have 

b ~E:r. s ·i ~!ir!>,?d l n the s ha i'i 0\1/ r:t.:a r·s :-~o1 .. e ~one along this P'-' t o ~· the coast. 

aust east c;f the se.tt'lemen t~ a. nd nsar ~,.lt . lLr.:)d ·let~ 2. re·la ·~;v-ly h·igh 
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westward to Mt. Herodier conta i n a narrow beachs but gravel, rather than 

sand, is the prime constituent. The lowland along the south shore of 

Eel ipse Sound ·j s heavily covered by vegetation , such as hummo cks of 

. grasses and willows, which commonly break off as large masses of 

ma terial when wave or thermal erosion occurs. 

3.7 TIDAL CONDITIO NS 

The tidal rnnge at the settlement of Pond Inlet is reported to 

be from 0.9 to 2.1 mq and at Tay Bay and on Bylot Island 1.7 rn and 3m, 

respectively (A1ctic r·lot~ Vol. 11 ~ 1 9~S). A t~da1 current of 2 knots 

has been reco rded within Ec l·i psc Sound. On a fa ·1·1 i ng tide~ t;1e cur:··:-:n t 

flows io the east , \·Jhile on a rising tide it f ·low_ :-,, the vtc:st (.1\r·"'t·:c 

Pilot, vo·! . ll, 1968). Ui1servations of the moving ir:e c!L,ring the 

prcs2nt study onlJ i~c:icat~d a current of approxi~ately 1 krot per hour. 

A brief ~nv~stigaticn of the da1ly tidal oscillati ons ~as 

conducted from ., ?. : JO E. S. T. , Septembe :' 3r-d, to 17: 30 E. S. T. , :-eptemb(·:r-

4l:h using a - taff (marked in 'Tletres ) anchored just offchore of tt·1e 

RCMP office (Figure 3.16). Since a complete tidal curve was not 

obtai ned !I a detii i 12cl ar.a 1 ys is and c mpar· i son vri th o refer en ~e pert \vas 

not Cli i'T ·i ed I ) 'I+ 
\.IUt.· • 

of nea.p ti rJe C('r,ditior. s , iY~caus(! Se~>tcmber 3r·ri wv.s just afte r" .he 1 e.s i.. 

quart?~~'· (rnoon). 
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3.8 SEA ICE CONDITIONS 

Information on sea ice conditions in Pond Inlet-Ecli pse Sound has 

been derived solely from the ice observations of the Ice Division of the 

Atmos pheric Envi~onment S~rvice. The sea ice cover~ from 1965-72, is 

summarized ·in figures 3.17, 3.18 and 3.19, for the months of July, 

August and October. Unless otherwise stated, the diagrams represent the 

last week of July, the second week of August, and the first week of 

October . Septembe: : e conditions were not included because the water­

ways were always ice free during that month, except in 1972. 

19G5 +u 1972 

fn e~.u ., ·ly Jt/ly, the sea ice consists of 10/0 cover of atct·r.-: ;)acl· 

or thick winter ice. By +he end of J :ly, the snow has been removed from 

the sea ice, substar ~ial leads and cracks have been crea~ed radiating out 

from the olaciers and headlands, and some opEn water areas are observ~ 

able. In most yc&rs~ open water occurs at the northern entrance of Navv 

Board In 1 et a_nd at the eastern entrance of Pond L let by ear 1 y August. 

This open vJater is an (:Jxt~?.ns ion of the nNorth Water 11 which, by this ·'"ime, 

has reached Bylot Is1alld and extended into L~ncaster Sound. Two other 

areas of e·:u---ly sea ·ice me1tinq are the small iniets , i. e. !~·i"ln e Inlet, 

sout!1 of Ec1·i pse Sound and the souther..,n entra.1cc of Navy Board In 1 et 

wr,ere a l al-g2 g1 ac i a ·1 fed r ·i Vt7.r r·c:3c!tr.s the coast. The last of the sea 

ice beg·i ns to rnov-~ out o = Ec l -; ;>se Sound, undef fa vourab ·! e winds~ by 

mid-Augu:.t, a:·:d ·ite ftee cond·!tions then per·sist until early October. 

During the ice free period and under arpropriate conditions, icebergs 
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and bergybits, originating from Gree11land or Ellesmere Island, enter 

Navy Boa r·d I :1 et and drift south into Ec 1 ipse Sound and Pond In 1 et. 

It appears that most of these icebergs become beset in Eclipse Sound 

dur·i nq freeze ·~up and then are eroded and ab ·1 a ted during the fo ll owing 

summer·. In a tyrical year, 10 to 25 icebergs in Eclipse Sound-Pond 

Inlet a e not u~common. Freeze-up in early or late October progresses 

outward from the inlets south of Eclipse Sound, and ice is last to form 

at the eastern end of Pond Inlet. 

Sea ice conditions in 1972 were reported by the native: of ?ond 

Inlet to be the worst they could remember. Open water in early 

Septembe r \'las con1mcjn a 1 ong most. of the s I ore line, but the pr·es ence of 

gro~nded icR ani an 1cefoct prevented effective wave action over a 

lu('s;e pa.rt of th at snoreline (Fi~;ure 3.20). The subst-antial se1t ~ce 

"'over ~ 7-9/lOths ·in Eclipse Sound impeded wave developmen·'· there; 

howeve r, the open wate r conditions in Pond Inlet were more conduci ve to 

wave development. A study of the informat ion on sea ice cover in Pond 

Inlet-Eclipse Sound, for the past eight years, indicates that the mean 

open v1ater period is 60 days (Tab-le 3.4). Complete open v1atet and 

7- 9/10ths new ice vvere used as the lim·its of t.~e open vvater- season. 

Thus, Ec ·1 ipse Soi.ind- ?ond In ·1 et wcu 1 d fa 11 in to th£~ category cf 
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11 i~Rvigable ; : open \.lfater season in the classification devised ir. Chapter 2. 

The longest seasons were in 1971 (77 days) and 1966 (73 davs), whereas 

th . shortest periods of open water occurred in 1972 (29 days ) and 1967 

?.s 0. f!el!er i:~i rule, a ~ ~ ~1o or ice year 11 usually follrJVS an 

exceptionally ll gcJ(~ y e;rr"'n be ca. use of the .::'tdded quanti tie~ of old ice 



Year 

1965 

1966 

1967 

1968 

1969 

1970 

"1971 

'1972 

TABLE 3.4 

LENGTH OF OPEN WATER SEASON 
(Eclipse Sound - Pond Inlet) 

Break-Up Fr·eeze-Up 

Aug. 6 Oct. 8 

Aug . 6 - 13 Oct. "? t:.:_ 

}\t.;g. 20 Oct. 15 

P.ug. 27 A::-ter Oct. 

AL:g . 13 - 20 Oct. 22 

Oct. 15 

Aug. 6 t ct. 22 

1'\ug. 25 Sept . 23 
(not less than 
3/l 0 cover) 

22 

Mean Length = 60 .1 

66 

No. of Days 

63 

73 

56 

!J6+ 

62 

77 

29 
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years is the lack of favourable winds. A combination of the two factors 

may have been the case at Pond In 1 et in 1972 VJhen an open water season~ 

as such, ~as not experienced. 

3.9 BEACH AND NEARSHO E CHARACTERISTICS 

BEACH PROFI LES 

A set of eleven profiles were surveyed along the south shore of 

Pond Inl et-Eclipse Sound, from the Salmon River to the settl ement of 

Pend Inlet (Figur' 3.21). Br. nch marks (::takes or rocks) were generally 

placed at the back of the beach zone~ either at the ba;e of tl1e _eries of 

Lir!l s lining tJ~ coast or a.t the edge of the la:;J0ons. Each of the 

pv·ofil os rep ... esents t'1e beach conditions ·in that rar·ticu·lar area of t:he 

the Sa lm~)n River. represetli: a wide~ sandy beach environment ~,J'i t.h 0. 

1 a9oon a:·Jd 5 ·in som~ ca.ses, diH·f~s fur-the I" in lane!. Ea ch of the profi l £s 

other a rct·r c bc~a ch en vi ron:;::::nts, e. q , r··iak i nso~, I l1 et. Profi 1 es D and E 

rerres ent the typical low, steEp bluff tcpography found at the coastal 

promo ntor~ es and further east tQwa.rd Mt. Herod i er, ihe b 1 uff, v;h i ch ·j .s 

USI!ii.11 y 2. 13 tc 3. 0 m high is ccn.rered by a set of be.=:t c:l ridges or dunes 

',vhich ha.Je t~-::e n stuti1·ized Ly ve:;et2.t ion rover. Th.;;s~ ~te areas of 

of t l -::~ b 1 u :· f i ~ no rm a I ·i y crJ v c. red by mas s e s of g r 2 s s A i 1 d s o i -, '"' h i c h n c: v e 

several locales~ large boulders . P:ofiies F ~nd G ~~r2 surv~yed 
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BEACH PROFILES ECLIPSE SOUND 

'] ____ --· ~ ... ,, PROFILE A . ~ct=_ ........... ,. ~-; .. _..__ ----
_ _____ _ ____., ...... '"=----------· -· -· - ·-· -·--'--~,---~-...=------ M H W M 

·· ... ~ . , , 
PROFILE 8 

-~ 
-----------------------------~~.--~~----MHWM 

··.~ 

PROFILE C 
Mor• h 

~ 

-1-' ----~ ~~ 

PROFILE D 

· .~ 
~HWM 

. ', 

PROFILE E 

MHWM 

. , , 
PROFILE F PROFILE I ....... 

. . , , . ,, 
lo • • o f 

MHWM -----

·'--=--
·- --·--- · ~HWM 

PROF I LE G PROF I LE J 

.. , 
PROFILE H 



·in a sma 11 bay in front of the settlement. There is very little relief 

at any of these sites, and the gradient of the beach face slope is 

uniform , ranging from 9.7% at profile A and to 33.3% at profile E. The 

mean beach gradient was 15.2%. The low relief of the beach zone has 

perm·; tted waves to cover most of the beach zone dut~i ng storm activity: 

v~h·lch has r';\su1ted in erosion in many places at the base of the hills 

ar.d b.l!tffs lin·ino the coast. The plan of the coast, with its' many 

small inlets separated by rocky promontories, probably limits the 

1 or.gc::hore tra .1srort of sediment. 

BEACH SED · r·.t l~TS 

(1) _:_~~t!l...~."L~~- and SrH!J?e Anal,r,si_s: The nature and size of the 

b~ach S<'di:rf:rri.::; a·t HHl~M o.nd MHHM, at eight of the e·l even prof·i lt~s ~ v1ere 

analysc.~ d ~JY Jn(-:ans of photographs taken at each of the sample site~,. 

The metf·~od is sa~··i s ·;·actory, but does not pro vi de as much ·; nformat i Cil ~s 

~he s ·eving procedu-e used elsewhere. Mean grain size was calculated 

by m~csur-·ing the thrr_s· axial dimens·ions of twenty-five grains on each 

photogr1ph. At the same ·time, the least radius of curvature and the 

inscribed and circumscribed circles of the maximum cross-sectional area 

of the sa me grains \lc re measured. These we as urements permitted the 

ca culation of r'OLHtdn2ss (Caillc ux 1947) and sphEr·icity (Riley 1941) 

indices for elc~ of the sand grains 5 using a ~omputer program devised 

by th -, <'.' ·ti JOr·. 
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seJcl"' sedimt..nts va, ied f1 om -! .5 to +'I ,0 ;z5 and \\·er :. pr ·im.~r i ly 

pebble s o·-: shie'ld rocks and quar·tz ::and ·::tra. ir.s. The sedimc:nt, ·;.;hie '; \':ds 

~. an:pl ed over a d-; .stance oF cno to t\·'o km anly ~ ·l ~vea.l ed fe\.v t tc;/s 



MHWM wa~ coarser and rounder than that found at HHWM . The mean 

sphericity va1ues, on the other hand, were greater at MHWM (0.684) thRn 

at !-:HH ~1 ( 0.665) but not by a large amount. Variations in gra ·jn size 

distr ibution alongshore indicated that the coarsest sedi ments occurred 

near, t he S:1, mon River ( profi 1 es A 2nd B) and became finer toward the 

east~ e.xc1uclir.g profi le D. ProfileD is situated on a sma.l1 headl and 

f r ·i nged by a 1 rM V8geta. ted b 1 uff and containing a sma 1 i stream outlet. 

The greatest sphericity va 1 ues at HHWM were recorded at prof·i ·1 es A and 

D, but at . 'll-t~Jt· 1 the were fr1und at profiles A and 8. Roundt!ess va·i·, ·-·s 

r·evea·led lit1: 1e ·i nformation alo .1gshor e, except that the hiv:~est valLes 

at H Ht·J~~ and ~i~~ WVl \vere at profi ·1 es G and A, res recti vel. . !\ waa s ~.! ~'·e of 

thA degree of se1i ment sorting at each of t he samp le sites was 1 Jm ·i~ed 

t o a v·isua ·l impres~ion; t l1e resu l ts varied from poot near t he Sah:nn 

River and at orofil e D ~ to we ll carted at profiles ~ and ~ 

Co ~c l usive statements cannot be made on wave regime or the 

source and mode of sediment tra nsport, but fia1 d observations of the 

co:-rf ·i~)u rati on of the t:.oast and sedi ment anc.. lysic reveal some cl uPs . 
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The major sources oF sed ·j :nent are be 1 i eved to be the large rivers~ such 

c{s the sa-lmj~n River, and the v;ave e.nd thermal erosion of the lov; b!uff·s 

\.Yh i ch 1 i ne parts of the coast. Evi de nee of this is the w·i de ex~.2n:::.e of 

shoals and saild bars at the mout h of the ~almon Ri 'er, and t~1e masse~: of 

~oil found a the base of the bluffs and on th . n~arby sea ice. l n 

~ddi t io n, tile sed·ime,lt analys is ind ica t es a l a2 cJepos ·it of· COtH'.3e:-· 

sediment at thr. l mv bluf-fs (profile D) arl'l thP. poorly sorted coarse 

s2di111:?nts 0f prof:·:cs ,IJ. ?r,d 3 re'/e,J1 a pro,::mit:/ tc.' a :(~d·i~r:en'L source. 

The sandy lJt:D c h ftDn't 1 no the ~)ett ·1 ement c,f Pond J 11 .! et al)f!2r .. !' S · o i:C! a 



zone of accretion, a fact shown by i t s' considerable width of well 

sorted and rounded sand grains (Plate 17). 

FROST TABLE DEPTHS 

72 

Measurements of frost table depths for profiles A to H were 

completed on August 28th, and on September 4th for profile I (Table 3.5). 

The gr-eate.::t mean depths recorded were at MH~·JM (mean depth=70. 0 em), but 

only sliuhtly more so than thos e found elsewhere across the beach. The 

active layer depths obse~ved at the first raised beach ridge and at the 

edge of the water were 'erv similar) with mean depths of 65 .6 and 65.7 em. 

Dep~hs reco ·ded at pr.1file C were greater (mean depth=83.8 em) than 

those found elsewhere, particu larly at profiles D to G, which wer2 at 

the base of a large hil.l. Evidently, aspect must play ~cme rcle in the 

l es ul tant depths :7 just as the he0.vi er vegetation cover is thoug~t tr_, 

be important at profil es D and E. There, depths of 32.0 and 37.0 em 

v;ere observed. The mean of a 11 t..h e recorded depths was 66.4 em, vJi th a 

maximum of 9C.O·:- em at profiles C and H, and a minin:um of 32.0 em at 

BEAC~ AND NEARSHORE ICE CONDITIO~$ 

In m(JS t s(;.a:-~ ons, the sea i .... e and p~ rt i cu 1 a rly the nearshore ice 

\vou1d h~:nre d·l~,upr~·'2areJ "long before the authorrs arrival at Pond Inlet in 

late Augtlst. H~wever 5 because of the extremely poor season with re~pect 

to ice r£movdl and the nP.atness to f1 eeze-·up ti ·m~, several nearshore 

ice ·feo.tt,res \·le t e observeu. 

At hi;h tide~ a wide zone of open water existed along the entire 

1 en 9th of thr.: c>Ja s t ~ but at -, o~v tid :... mt.4Ch of the beach ,..ace once ac a in 
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TABLE 3.5 

DEPTH OF ACTIVE LAYER AT BEACH SITES, ECLIPSE SOUND 

Beach Non- Top of HHvJf~ MHvJM Edge of Mean Mean Aspect 
Profile Active Act ·i ve Water Depth Grain 

Beach Beach Size 
( ¢) 

A 72.0 62.0 71.0 78.0 78.0 72 . 2 -0.75 r~ 

8 84.0 78 .0 62.0 63.0 63.0 70.0 -0.50 N 

c 90.+ 77.0 78 . 0 87.0 87.0 83.8 +0.00 N\~ 

D 68.0 32.0 53.0 66.0 54.7 -0.25 NE 

E 37.0 71.0 _,Q,O 81.0 75.0 70.8 +0.00 N 

F 68.0 47.0 51.0 49.0 34.0 49.8 +0.25 N 

G 40.0 76.0 60.0 57.0 73.0 61.2 +0 .50 N 

H 78.0 90.+ 52.0 73.3 +0 . 00 N 

I 66.0 62.0 55.0 62.0 61.5 N 

l"iea.n 
Dep·Lh 6~;;. 6 63.6 67.2 70.0 65.7 

Depths ar€ given in centimetre. 



varied from 0.25 to 2m in thickness, was superficial ly rotten; the 

surface was composed of highly porous, brittle ice while the s ides and 

bottom had been subjected to substantial water erosion. The only place 
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where ice still remained ' fast ' to the shore was at the base of the rock 

coast, where solar radiation was probably less effective. A ledge of 

ice had formed between high and low tide marks and ranged in width from 

0.2 to 2.5 m (Plate 22 ) . As water levels rose to high tide, gravels 

were sometimes washed up onto the l edge, but it i s not known if the 

gravel hastens o~ hinders the des truction of the ice ledge. If the i~e 

ledge is a pr.rmanent feature, and it very we ll could be~ the: ice CO!.llcl 

act as a focal pcint for furthei· freezing in the fall, and could ~lso 

ha, ·e a :tabilizing effect on the bas \:,; of the exposed rocks. 

A crack was observed in the beach sediments along the shvreli~e 
near low water mark, in front of the Hudson Bay Company store and also 

at profile G. ru~thcr investigat. ·ion resulted in the discovery of an ice 

ri d9e buti ed bereath 18.0 to 30.0 em of beach sediments ( + 1 ¢ to -2 ¢). 

J t i ::> believed to be a s i m·i 1 ar feature, though sma 11 er, to that fout"!d 

at Ma ki nson Inlet. 

l\ir temperatLwe.s during the first week of September were several 

degrees Lelow fre~zing, and the sea water remained between -1° and 0° S 

neat the shore. These low temperatures, plus the large amount of 

remnant ·ice ir1 the .;nlet VJhich prevented \'iave generation, resulted in 

the forn;:_t ·ion of nt-'!'1! ice ·in the nearshore zone during most nights 

( P 1 :,) h .: ~,, \ 
' \) ... - ~·'I J • Although the new ice was at times a; thick as 1.0 :m, it 

was usually m~ lted bv the ~fternoo1. su~, or flo ated offshore at high 

tids. The nP\·(!y· formed :oastal ice was qu·ite f"le.>dL·l~' and too:< the 
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shape of the underlying beach topography. The development of new ice 

was arcompanied by· he inco rporation of the newly fallen snow. A 

similar process was recorded during the initial stages of freeze- p on 

Radstock Bay, Devon Island, in the fall of 1971. 

The effect of sea ice on the plan and profile of the beach 

appears to be ve~' slight~ being l imited to the erosion of some of the 

low bl uffs and the formation of several small ice push mounds. The push 

mounds observtd near profile G were oriented in a NNW direction~ and 

~,-,,e re 2., 0 m wid~2 .nd 0.38 min height , but a-ll were found belo\v HH~J~1, 

whi ch m~ans t~Jt "h~n next stJb jected to wave action, they would p~nbablv 

b ~?: con~ b:.d down <3 nd des troy ad . The formation of severa 1 ice push mou nds 

~, ~ as doc wn~ttted en -!-he morn~ ng of August 30th. fin eastHard fl owi ns t ·; da·! 

INh i c:h t·;as dt ·i ft.~ ~~9 2ast "'IJrd, was fsrced landward. At the headland~ +JH? 

sea ice broke u~ on the rocks, but in the embayment to the east the icc 

scouted the Ylear'shotr.:. bottom and crea· ed mounds of 0. 35 to 0.45 m nea r 

ti,HW1i ( Pl a .. e 28). P~·l or,g the more open sectors of the coast~ th~ ice 

Pi'f.ss 1. ~-es were n t s ·i ~n·i fi cant enough to form s ·i mi 1 ar features; hencP., 

·i t ·i s be li·--:ved th(At the configuration of the coa.st has more importance 

1 r ~ u·~c:: fonnat·lnn o·~ sma 11 sea 1 e pu_h mot:!tds than do.:.s the fetch or 

1 er.gth of open Wtt ter. Tl o other facto s v . .: h ·; c!: are nee de(, for ' push 

rnau;1d' format ·oq an~ n high wa,.e~-- ·level, a deep c.ct·ive layer a!Jd the 

presence of sea 1re off ho rA. 

The: f-!. :fc:ct u"f rivers on the ~:ears I tore ·ice des t tuct ion is not as 



create:: cen t res of ire b. eakup, and ·iYI 1972 the only ice free 'daters 

were those adjacent t o the l arger river outlets, e.g. Salmon and Janes 

r-ivers. 

3.10 SUMMARY 

Mukinson Inlet and Pond In let are typical of many of the east 

coa:-t fio"ds found ·in the Arctic Archipelago. Both are lined by: igh 

steep mountain slopes which are frequently broken by glacial tongues, 
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many u-F \"lh·ich are tide\1/ater. In the inter ior· of the fiords c. ;::uch lo~·Je t 

relief is found, (l di:-sect'=d limestone p ateau country l ess than rr;o :-!l 

in re ief in Makinson Inl et , and a gravel plain of morainic m~terial, 

1es. thar 60 m i! relief~ in Eclipse Sound. The ·inle:ts are bo h ve·r".Y 

UEep, part ·j rul av·1y a L their en ... tances t'lthere depths of 300 to 500 fa tho: .~ 

ar-e sounded. 

Locatio n) tides, channel width and winds are all important factors 

:r: the r·l:rnovcll of sea ice from the inlets . r"1ak inson Inlet has nar-row, 

s inuous c}'ann~ls and is nol~rnal'Iy character·ized by a blockage of multi ·-
,, 

year ice at ·its 1 entra1. ce and/ or Seti th Say; Pond In l et-Ec ·1 ipse Sound, on 

the other ho. r: d! is quite li de 5 an rt sea ice break - up is aided ny the 

pre-:;c:;:ce of o )Cn \'!ater, c:n extension of the : No·~tJ Wa.ter 1 at the eastern 

er:tra.ncc of t.he lq1et. The larg _ tidal range of 2.f!) m vith·in f"ia.~inson 

Soun<l, sLo ,·id a·;rJ ·in t !1 e S2r.i ice )rr.ak .. up, but the lack of an ou .l ._ t (or 

~he ice ~ r-~ :~1 '-' r!p s· • .j.. (' Y'CI 'T'I(I \ ! ::"\ l ·i r j'vla 1" ,. r· r 0n In 1 °t' I <I t" \.. "-'· - \.. ,) · l ' .J ' l( • • I . • 1\ . ..) v, 1 ._ , As a result~ ?ond l0let-

Ec i pse Sour ri oxperienc2s 60 G?en water days, twice that recor1~ d at 

!·L.k i nsor. T n l (~t. 
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The longer open water season at Pond Inlet-Eclipse Sound is 

revealed in the beach sediment characteristics. The sediment along 

Eclipse Sound is a sand more spherical and rounded than the sediment 

along Swinnerton Peninsula, Makinson Inlet. The respective roundnes s 

and sphericity values for Pond and Makinson inlets were 349.8 and 185.2, 

and 0.673 and 0.561. Furthermore, the beach sediment was finer and 

better sorted at the former location. 

Frost table depths were observed to be greatest at Eclipse Sound 

where the mean depth was 66.4 em, a result of the different dates of 

measur-e1ent. Th rl frost table on the beach face was greatest at HH~JH at 

Makinson Inl et , but at M~WM at Eclipse Sound. This difference arises 

because the iVi~ vi~1 was st i 11 affected by the presence of .::ea icc c~i·id :SrJ~)l!J 

in mid-July ut l"1akir.sor. I 1let. 

NearshQi··e ice co;1ditions in these two ·locat·ions are mor"2 diff·lcu ·;t 

to compare because of the differettce in time at which they wer 

Neverthele ~s~ an ice foot and a.n ice-cored ridge at or below t~~1Ht~~~1 ·.,~~.?re 

fout d along the shores at both locales. The ice foot thickness (2.5 m) 

and the considerab le size of the ice-co1ed ridges at Makinson Inlet is ~ 

~unct i on of the range in tide. The numerous small streams along 

Swinrerton Peninsula and the few l arge rivers emp ~ing into Pond Inlet-

cc·l ipse Sound play an important part i n the melting of the nearshore 

ice ~ e~pec1a1ly dur·ing the spr·ing flood period . 

Makin son and Pond inlets are similar in many re-pects, but 

latitucte and situatinn creatE miCjue chc:r·acterisJcics ·n each ·locat·ion. 

iVlak i r'~ on Inlet is rPp~·esenta t ·i ve of mo.ny of the El'l esmE. re Is 1 and f ~ or·ds 

which experi ence more sev~re climat:c ~ondi ions, and ~re more 



inaccessible than those fiords in more southerly latitudes. Pond 

Inlet-Eclipse Sound, on tl e other hand, is representative of the 

Baffin Island fiords whic h have a dense vegetation cover in the 

lowlands, and experience milder ai r t emperatures . 

Note: Wood sample found by author at 33.2 metres ha~ been 
radio carbon dated as 6060 ± 90 years B.P. 
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CHAPTER lV 

THE HIGH STPAISH; COASTAL ENVIRONMENT 



4.1 INTRODUCTION 

The High Straight Coasta l Env ironment includes the coast line s of 

Lane aster and Jones sounds and t~ cCl ure Strait , and is typified by 1 ong 

stretches of steep, scree-banked cliffs and raiserl beach terraces. 

Detail ed investigations were conducted during the first two weeks 

of \July on the north shore of Somerset Isl and, between Cape Rennell and 

1 Trebor'In let. Radstock Bay, Devon Is land , was vis ited on August 14th 

to 21st, af '-er- an ear'!ier aeria l reconnaissance on July 14th . The coas t 

line just we-t of Gan ier Bay was originally selected as the study a~~L 

on Sorner,..et Island because of the unique charactAristic of n~!i:k~ro~: s 

tu ndi" ,~ ponds which : ·j e betw~-2en the r.., i sed be"" ches and the ba rri 2 r beacL 

l i 'gc!:l (;~ ::>ilur"~. ,io \1\8 'er' , bcH.l la 1ding condl ·t'ions ~ due to the lateness of 

the sno\W2lt, prohibit~d the occupation of this si~e, so the camp had to 

be loca ted further west at 74° 08' N, 93"0 08' !. There~ a. ~Jide zone of 

open ~ater presented a good location to st udy the spring breal -up . 

Invest igations at Radstock Bay have been conducted for several years by 

previous McMaster University field parties, and the 1972 work was a 

continuation of this. 

NORTHERN SOMERSET I SLAi' 0 

It . 2 CO/.\STAL I O~PHOLOGY t,lJC B;~THYME TRY 

The n8arshore zorie a·l ong th _ ~·1urth C'last of Som r' ·et Is 1 c.nd ~ s 

' ery s hv.'! l ov~' . w·i th depths or l2s s than 1 0 , 0 fa than,_ o~currir g in p 1 ac:2 ~ 

up to a k ·nornetr~~ f · am s! ore (F·igu re 1.1 ) . Shoals ani , ffshore bv.rrir.:: .. 
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ridges ar~ commont and there is an almost continuous z0ne of lagoons and 

tundra ponis along the shore. The coastline is fairly regular in outline, 

containing only two major indentations, Garnier Bay and Cunningham Inlet. 

Except for a few isolated steep headlands such as Cape Rennell, the back­

shore is characterized by well-developed raised beach terraces (Fi 0l! e 

4.2). The Barr w curface (Bird 1967), so well developed in the interior, 

ot1ly reaches the coast at the head of Garnier Bay anrl at the northeast 

end of the island . .l\":ong most of the coast~ the raisea beach zone -:s 

rel at ·ively narrC~'·: ,11d culminates in a lar-ge tet'race at approximatelJ 

35 :11 A.S.i. One cateable~ u vvhalebone, w s found at a hei gh t of 3.4 m 

A. S. L. at ' has been sent to the Geo 1 ogi ca 1 Surv y of CanadJ f:1r rad io 

CcF'bon da t ·i ng. 

Several features observed a,ong the upper active beach indicate 

t h crt vv ave act i on d u r ·j 1 g s to rm act i v i t .Y i s i m p o r tan t a l o n g t L i s co as, t . 

For exampi E., ice push ridges and numerous pits vJere rounu ~.bove HW·..r!~ :- and 

a large a~ount of debris, ~uch as drift~ood and se~weed, had be .n ~wept 

up on shore ~n p1vces beyond th nolma1 active beach. 

4.3 TIDAL CONuiTIONS 

The north coast of Som~-)rset Island is part of the nParry ChJ.nn .... l" 

tid<. ., reg ·ion (Ccmad~an Tirle an<i Current Tab.les 1972), whic1·1 contains 

se rer·h ·1 secondary pc r·ts vd th pub i sned t i J a 1 dRta, but only Port Leopold~ 

v:h i .h falls '.-J i th·in the 11 Prinre Regent Inlet'' tiJa1 region, ·is l ocated 01 

the soutd shore. !\brief investigation of dai·l.Y tidal changes was 

und Jrtaken ~ tb::rc:. fOi 2 ~ in fr i t of ·rhe base ca.mp (Figure 4·. ·1 ) , Let\·Jeen 
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TABLE 4.1 

TIDAL CHARACTERISTICS 

Comparison of Somerset Island (nor·th coast ) with Resolute Bay 

Loca tion Higher High ~~ater Lm,.rer Low \tJater Mea.n Range 
lYle an Large Mean Large vJa ter Mean 
Tide Tide Tide Tide Level Tide 

Resolute 1. 50 2.00 0. 30 - 0.10 l . 00 1. 30 
Bay* 

Som _ r-s t 1. 53 0.23 0.86 l. 28 
Is l ard 
(north s 1 •• J(e ) 

Ra.dstock 
Bay•t: 0.58 0.73 0.12 0 . 00 1 • 28 1. 7~ 

*published vaiues 

Location rvlean Mean Mean Range Period 
Hig h Low Water ~1ean (-in hours) 
Tide T·!dc Leve·l Tide 

Re olui::e 1 . 50 0.1 6 0. 85 l. 33 11 . 0 to 14.0 
Bayc Aug. -- 12. l 

Somerse t ! . 43 0. 09 0. 71 1. 31 10 . 5 to 13.3 
Is land Aug. ·- 12. 1 

0 predicted v a ·i ~.;es 
All heights :t.re given in r:1e t r·e s • 
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1400 hours July lOth and 0100 hours C. S.T. July 12th . For purposes of 

anal ys i s, the tidal values were compared to the predicted values for 

Resolute Bay for the same time period (Figure 4.3). The pub~ished tidal 

val ues for Radstock Bay are also included in Table 4. 1. In each of the 

are as 9 a Ill i xed semi ~ d i urn a 1 t i de ex i s t s VI h i c h ~ as us u a 1 , comp 1 i cates the 

calculation of the tidal period; nevertheless, the average Deriod was 

found to be 12.1 hours for both Resolute and North Some rset Island. Th . 

tidal data (new moon July lOth) ca l culated for Resolute and Somerset 

Isl a11d indicated very simi·!ar conditions, bL.t Resolute had a. sl ightlv 

greatei" (0.02 rn) nean tica ·l range and a slightly highe~ ( 0.07 m) m2un 

t1i gh and low tide . The est·imuted mean tida l range for ~h;rth corr:ers 2t 

I s l and i s 1 . 2 8 m w h ·11 e the 'a 1 ;..: ~ pub 1 i shed for ke :~ o ·1 u t e i s ·: . 3 0 1n , 

change i n ~hs coastal processes between th~ two sites . 

4. 4 SEA ICE CONDIT I ~JdS 

In formatio~ on sea ice conditions in Lancast-r Sound, tetween 

C .;rnwo. ll i 3 and Somerset : s lands~ L: cons ·j derab l c becctuse of the use of 
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Resolute Eay as a ba.se for sea ice recorn~a · ssanc~ fiichts. De srrit'2 thi::;, 

mar,y of the observai .. iu ns Are linrited to the Cc~ntl'cll parts of L.a~l'"'oster-

summer cf 195Y \"'e re E:xandncd, us·ln g a.cri~1 photogr··T hY (F ·)g ure: ·~· ,4), a.nd 
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of July and Aug1 st and first week of October is shown in Figures 4.5, 

4.6 and 4.7. 

1965 - 1972 
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Except for a few abnorma l ly good 11 ice " years, such as 1969 when 

open water existed in Ju ne , Lancas~er Sound is usually comp l etely covered 

by thick winter ~ce unt·il mid-July. Leads ar-e normally evident in early 

Jul y, criss-crossing Lancaster Sound from maj or headlands or lines of ice 

weakness. ~arly melting or· ice break-up is usual ly exper·ienced near 

Pri n e LecpJ1d Islanu and, i some years, offshore of Cunningham Inlet, 

Somer·set I ~· 1 and . Op ~! ,~a't.el occurs ea.s t oF Pri nee · egent In 1 et by mi dn 

JLdY:. anct in a major le0.d which forms between Cape Hoth a:n , Cornwallis 

IsL)qd and the southwPstern end of Devon Island. 

Ice brea! ·-up usua .lly proceeds from east to vJest in LdnCcL tet 

Sound, in one of two ways, each of which affec~s the study area on 

Som~rset Island. In some years, a strip of fast ice extending 

appr-ox·imately fl'orn Ci:l.pe Rc:nnel l to Garn ·er Bay vas l eft along the north 

shore of Somer~et Jsland~ while further offshore, open water or near 

open watcf existed. In other years~ includ ·ing 1972~ a wile shore 'lead 

f()rmed a 1 on:.! the ;·, or·th shore of Somerset Island from Cunningham J n 1 et 

to ' T reb c r 1 I n ·1 e t . H ov-Je v e r , i n 1 9 6 6 t h i s shore 1 e ad extended west of 

Cunni r.gham Inlet instead of eas~ .. In any case~ an ice foot wac usually 

found a ·1 ong the mo.j ;r part of the coast 1 i ne ( 1959 . it-- photos, 1972 fie 1 d 

obs er·v{ltions). Th e: pre,·ence of +he it:(~ foot, therefore, delays the date 

of initi~l wave action on the beach until the wave action ~an erodA i t . 

F·i e·l d Gl!~er ·'//~_. .... ! ons i ·1 , 972 ·j ndi cat .d tha.t a ~; to :;\-J vrl nd is th2 
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most influential in the removal of the nea r shore ice, particularly i f a 

wide shore le~d exists offshore or to the east. A wide lead existed 

appr'o>:imate ly 1/2 to 1 km offshore of the 1972 bas e camp on July 2nd 

and by July 9th, under the in f l uence of NW to SW winds, all sea ice 

except a 15 . 0 m wide ice foot had drifted offshore and to the east. 

L ater :~ on July 12th, vdnds from the NE returned a large proportion of 

the i ce but it was very mobile and was easily removed eastward again by 

favourable wi nds . 
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Altho ugh Lancas ter Sound is usually navigable by l ate July~ l arge 

i ce floes of first -year winter or multi-year ice are ~ontin ua l 1y drifting 

east or- scuth frurn ~·:e1·: ·:n£ ton Chann 1 or Barrow Strait. /\sa result, the 

fo nnati on of long period waves is cons i derably hampe red and .robably r~re 

until late Au~ust . lhe date cf freeze-up varies from year to y~~~ ~ bLt 

appea rs t o be initiated in lute September, and well advanced by mid-

October. 

Usin g si 1n il ar criteria to define the open water s~aso n as were 

utilized for the f-iord coasta.·l cnvi onment, ·1t is a-,parent that t he 

portion of th north Somerset coart under study has a mean l ength of C8 

In ~xtreme years, the o ~e n water season can bR ts 

~:. hart as 4/' days ("19 70 ) ) or as 1 ong as 90 days ( 1969 ). Ope n water 

conditi on:; n0rm2.l I y extend from Lluly 18th 20th to the last week in 

Septemb~ r or first week of OcLober. Therefore> the coas t l ine would fall 

in to the ca.tegot·y of ''Nv.vigable 11 open water- sea.son, a.s defined in 

Chapter -, 1 . 
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TABLE 4.2 

LENGTH OF OPEN WATER SEASON 

(North Somerset Island) 

Year Brea.k-Up Freeze- Up No. of Days 

1965 July 23 Sept. 24 63 

"1966 ,July 30 - Aug . 6 Oct . 8 66 

1967 July 23 Sept. 24 63 

1968 Aug ~ 20 Oct. 22 f~l -,.) 

1969 June 11 Oct. 3 90 

1970 ,;ug. "11 Sept. 27 47 

1971 July 19 Oct. 3 76 

1972 July 18 Sept. 29 73 

Mean Length - 67.6 



4.5 BEACH AND NEARSHORE CHARACTERISTICS 

BEACH PROFILES 

A group of ten profiles were surveyed on one to three 

occasions (J uly 4th, 8t h or 13th) depending on the amount of change and 

acces s ibility of the partictflar profile (Figure 4.8). Each of the 

profi l es was sel ected to represent conditions along 2.5 km of shoreline. 
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Except to profiles A ond H, which wo re backed by talus debris and a river 

res ~ect i·,;e1y, 22.c;1 of the surveyed beash profiles was backed by a 

ra i se l bedch b 1 uff . The \!i dth of the active beach ranges from 21 . 0 m 

at pro'fi ·; E· \·1 to 2 or 3 m ctt prof ; 1 es A and B; t :K beach ~ 1 ope a. l :o 

becam~ greate r LJW11d the west , varying from 9 .. 1% to 55.0~ at prufi1es 

J anc: i~ res P ·~Ct i vE 1 y. The rc. i sed b2ach b 1 uff mentioned above was frcrn 

0.3 to 0. 9 m in hl?·ight. Eros ·ion, either-·by nearshore ice or wave action 

during t he~ previous fal l, was evident at the base of this ridge. 1\not!·l\::.:r-

trcd t of six of the t en profi 1 es was a zone of pitt i r:g ""': i c 1 occ ur·red 

a.nyv,·h ::! r e from 5. 0 t o 17.0 !li fr-om t he estimated water1 i nr., but on the 

r;. V2r o.ge v1as 12.0 m ·in d·istcnce. The JJitting zone was wi dest at prnf·il e E; 

and ·le.:st devc·l or.Jed 2.t prof·ile t (Tctble l!-.3) 

e>·tens ·ion of 'tiF: P"·of.:les out on'l:o the ice and the so undir~ of the 

appe.::tr-~ ti ~ at c shor·e platfonn ex tends Oi : the ave rage ·11 .0 rn cffsht re, 

i ce fo1t o~ July 14rh 
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coincided with this break in s1ope. In general, the shallow depths 

offshore, indicated on bathymetric chart 7056, 1968, were confirmed in 

the present study. At a distance of 50.0 m, offshore depths of 3.0 m 

or less were recorded. The floor of the nearshore zone was usually 

covered by coarse gravels, but at profile B bedrock was found. 

BEACH SEDIME.'J TS 

(1) _Gra·in Size Analysis: Sediment samples were collected from 

proselected sites across the beach at eight of the tell profiles. The 

beach sed·iment vJas s hi r.gl e of -?.. 0 {if to -5.0 ¢ size, w·i th very l i tt ·1 e 

sand. In general~ thr bPach sediments were moderately sorted, but were 

fo und to vary fr·om moderate-ly wel·! sorted to poorly sorted. If it is 

a'-- surr:ed that the talus-Lanked plateau slcpe v. cija~ent to profile/\ 

(F ·i gv.re 4.2) is the primary source of sediment fnr beaGh development, 

94 

the11 sediment size should decrease with dista~ce eastward. An exami nation 

of the beach sediment on the non-active beach provided etidence to 

substantiate this assumption, because mean grain size decreased eastward 

from profile A to J. On the other hand, a reverse trend of increasing 

sediment size from west to east was detected on che active beach 

( Figur-e 4.10). Regula.r changes in gra·in size vtere a·lsc e 'i dent across the 

beach. At the five western profiles, A to E~ the grain size increased 

ups lope, but in the remaining three profiles, F to H, the grain size 

became finer with distance upslope. 

The t·2 ndanc.~~ for th2 coarser n ater'i a 1 to occur at the top of the 

beach resu1ts frorn the sorting action of bredking w~ves v!h·ich move the 

occur fi .. kCann and O·~·Jen s 1969) , Using stand0.rd dev ·iatiot, as an inc.i·icator 
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Profi 1 e 
No. 

B 

E 

H 

I 

J 

Profi ., e 
No . 

A 

!3 

c 

[ 

G 

H 

All 

TABLE 4.3 

EXT CNT OF PITTING ZO NE 

Distance from Hidth of 
Wa.ter Li ne Pitti ng Zo ne 

7.0 6.0 

16.0 23 .0 

5.0 10 ~ 0 

14.0 6.0 

i 7. 0 19 . 0 

mE:as urements in metres . 

ABLE 4.5 

Mea n 
Diameter 

4.0 

2.0 

2.7 

3.0 

r~ean 
Depth 

O. Ll-8 

0.36 

0. 30 

0. 38 

NEARSHORE SEA ICE ATTEN UATION 

\·~ i d th of Ice Width of 
Ju'ly 8 July 1 .... j 

over 52.0 12.0 

If 31.0 15.0 

II 32.0 22 .0 

II 35. 0 ov2r 35.0 

85.0 56.0 

1?.0 14 . 0 

23. 0 15 .0 

A'll :w:asurements in metre_. 

Ice Surface 
Ablat·ion 

0.10 

0.25 

0.25 

0.30 

0.05 

0.10 

0. 05 

Reducti on 
in Wid .h 

over 40.0 

29.0 

~.u 

(July 4-8 ) 7.0 

( J u; y 8·· 1 3: .fL 0 
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of sedimen t sorting (Folk and Ward 1957 ), it was observed that the best 

sort ing occurred at H'nvM but the difference i n sorting across the beach 

slope was small. There was no regular variation in sorting along the 

beach; however, the best sorted sediments of the active beach were 

obse rved at profiles A and B. 

The proportion of sand in each sample was usually l ess than 4%, 

but at profile I the sediment sampl es consisted of up to 17% sand. This 

hi gher proportion of sand is assumed to be the function of the proximity 

to the two streams - one on either side uf profil e I. Skewness values 

show that the sed·imer.t of the highest and lc ,vest portion of the beach 

zone is positively skewed, whi l e negativ .ly skewed values were true of 

the sed·imen·i- at HH14fv1. lhes s / e~;:nes va 1 ues a.p, ·a.r to rei nforcr. the ide a 

of cros s-beach sorting . 

rn ·let v-1er-e used to dll6.lyse the beach pebble shapes on Nortr1 Somerset 

Island. The three axes and least radius of curvature were measured for 

25 pebb les selected frorn each of the samples used in the grain size 

in testigat·ior. The actua ·l pr·ocedure and 1 ist of for~mu lae used are given 

in .l\ppend·l x C. 

The majcrity of pebbles fell into the Zingg (1 935 ) shape cl ass of 

d1sc and bl aded, or bladed to very bladed if tne Sneed and Folk (1958) 

classification was used. Moreover, a considerable number of sphe\ ical and 

rod-1 ike pobb 1 es '':ere found c-1 t HHW~ and MH~JJVI. The variety of pc:.bb 1 e 

shap2s acr 1ss the beachs and the ev .n dis tr:bution of ~ebb le sh · pes at 

HHWM, 20p2ar ~o indicate ?cross beach sort irg greater sediment trans -

port at that level of the b9ach. 



The mean flatness values across the beach decreased downslope, 

as would be expected, from 317.56 at the raised beach to 251.42 at the 

mean high water level. Along the beach, flatness values remained 

relatively uniform on the active beach, but on the non-act ive beach the 

flatness values decreased with distance eastward from profiles A to G, 

and then in creas~d again. The mean flatness value for all the pebbles 

measured was 280 . 71. 
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Regular changes in the sphericity and roundness of the pebbles 

we re observed across the beach. The least rounded and spher ical pebbles 

were fo un d en the nor.-active beach, the !:lest at ~1~~~~M. Nevertheiess, the 

differences in values of sphericity and roundness were small for the 

pebbles measured from the different locations acr~ss the beach. Th. 

across-beach trend in ~latne~s, sphericity and roundness ~~s not found to 

apply for profiles G and H. The mean sphericity and roundness for all 

the pebbles ntt~ctsw~ed \11/a.s 0.570 and 199 .10, respectively. The only trend 

alo.ngshore was once aga·in or, the non -active beach where roundness 

increas ed eastward. The smallest sphericity values were found in the 

west at profil~s A and B, and sphericity generally increased from 

profiles A to F, then again from profiles G to I, at the mean high water 

1 eve 1 . 

~hape influences th ~ mode of transpor t of the beach pebbles. 

B l u cl · ( 1 9 6 7 ) found that d i s c an cl b 1 ad e- 1 i k e reb b 1 e s move i n the sa me 

way- by sh uffling a·!ong - wh ile round particles v;ere more apt to roll 

:n bottom transport. The preclonrinance of the ·t-ir;t two sh a.pes on lio rth 

Somerset Isiand inci ·icates a shuff1i~: g form of bottorn tr·ansport . 

l'm examination of a·ll the pa.rarneters vJhich describ;:> sedir,r nt size 
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and shape indi cates a difference in deposition and source of sediment 

for the t· . zone between profile G and J. There, storm wave activity 

in the p c 0us fall was particularly intense, as is reve aled by the 

large pitti ngs 10und above HH\M, and the reverse trends in sediment size 

and shape across the beach. The better-sorted and rounder pebbles 

found betv.1ee n the two profiles, and the observance of a 11 river burst" in 

1972 implies that the two streams nearby are the predominant source of 

sedi ment, especially the finer sediment found on the non-active beach. 

FRO~T TABLE DEPTHS 

A survey of the frost table depths at the established profiles 

was conducted on the 3rd and 13th of July, but only measurements at 

profi 1 es C and H h'ete obtai nrd on both occa s ·i ons. \Ji th res. ect t o he 

'lowest, 24.3 em Wc:. s measut2d at pr·c "= ileA on July 13th, the deepest, 

36.0 em at profile H also on July 13th. The rnean frost table depth 

recorded dut·! ng the peri oci of study at Some rset Is land was 32.2 em, 

(Table 4. 4). The top of the raised beach bluff had the grea test mean 

depth ~ (47.3 em), and thPre was a decrease both landward and se 3\ard 

from this po:ition . The shallowest mean depths were recorded at the 

edg2 o 1 th ·? sea i cc: ( 19.9 err: ) , and the dept~s foun d a -c HH\~M were~ on the 

3vere:~ge, 10.0 em g~"eate r than those noted at iYiHvJ M; hov-,reve-r, only a f EH 

me 2~> urements v10re po~; sib 1 e because of t .1e deep snow cover. 

v'ht~ n thr. oE. nera·l frost t ab 1 e \ as dr:-fted or tho cross -profi 1 es, 

·i t ., 'as i ntt:J:~est.ing to not~ that ev"n tho ugh ncar z c; ·~·o depths v1ere 

recorde d wit hi , th r cent re of t he (;v::~) pits , these de-p t hs we re usually 
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TABLE 4.4 

DEPTH OF ACTIVE L1;YER AT BEJl,CH SITES, S0~1ERSET ISLAND 

Beach Raised Top of HH~~~1 MHt~M Edge of Mean Mean Aspe ct Profil e Beach Active Ice or Depth Grain 
Ridge Beach Hater Size 

(¢) 

A 
(Ju-ly 13) 43.0 48.0 27 . 0 29.0 9.5 29.3 -3.81 N 

B 
(July 13) 36 <0 37.0 0.0 24.3 -3.88 N~l 

c 
(July 3) 23.0 33.0 37.0 22.0 39.0 32.5 -3.93 I''NE 

(July 13) 28.0 38.0 45.0 25 . 0 35.3 -3.93 N l~E 

H 
(July 3) 43.0 75 . 0 16.0 34 . 0 --4.27 N 

(Jqly 13) 33.0 64.0 19.0 36.0 N 

.J 
(~July 3) 29.0 36.0 40.0 30.0 38.0 34.0 N 

!Viean Depth 33.6 47.3 35.2 25.0 19.1 32.2 

Depths a.r·e ·j n centimetres 
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simi l ar or just slightly deeper than the much greater ones found at the 

edge of the pits. Consequently, it appears that the frost table is at a 

nearly uniform level, irrespective of the micro-topography of the beach. 

The mean daily lowering of the frost table at profiles C and H, from 

July 3rd to the 13th, was 0.20 to 0.30 em. Since all the sites are 

north facing: and there is 1 ess than a 0. 5 ¢ difference in sediment 

grain size (excluding profiles I and J), the effect of aspect and 

sediment seems to be slight. 

BEACH AND NEAi SHO RE ICE CO~DITIONS 

On the first of July the shorefast ice, which existed for a 

distance of 0. 5 to 1.5 km off~hore, was covered by 0.3 to 0.65 m of 

s no rJ and s l u ... h , , spe c ·1 a 11 y o. t the e u g e f t I.e a c . i · e beach . By J u ·1 y 1 3th 

most of the nears hn e ice had drifted offshore, but at profiles D and E 

the larger multi-yea r ice still remained fer a distance of 64.0 m 

offshore . It is believed that the larger pieces of ice had grounded; 

thus, f inal r~moval from the shore was more difficult. A fracture zo~e 

wa.s we 11 es t ah lis hed a 1 ong the coast and, during the first two \AJeeks of 

July~ the tidal cracks and leads continued to widen~ lengthen, and even 

at times clo~e u. and later re-estab lish themselves. The tnean daily 

reduction -in the vddth cf the nearshore i ce bet .tr.en Juiy 8th and 13•h va s 

2.1 m (fable 4.5,; but the usual case was a breaking away of l arge 

p·i eces of ice on f ew occasicns. The mean .;urface abla.tion of the snovJ 

and i Ge 1:-1<~: 0 , 15 m over thE: peri ocl from Ju 1 y 4th to the l ~t h. The net 

result wa~ fin icGfoat along a greater proportion of t he shore1i~e, ~~ i ~h 

a vrid+; cd=· Ui.O rr: and tb·ick .less of 2.0 m ·t- the sc.awc:trd edge. Tht: ·ic 
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foot, which protected the active beach from wave action, was eroded by 

the salt waters and the continual washing of gravel into the base of the 

ice foot . Erosion of 10.0 em or more occurred at the surface of the ice 

foot on July 11th, when high tide coincided with storm waves of 0.2 m 

height, from the northeast. 

Ice push ridges were observed along the whole shoreline, the most 

commen locat·ion being just above HHWM. The mean diameter and he .. ght of 

the r i dges measured were 3. 7 m and 0.47 m and, as was expect ed, the 

large c: t ridges had the greo.test \liidth of scour and v1cre located the 

furth est ir.land (Tab.ie 4.6). The d··re .:: t·ion frvm which the sea ice was 

driven up on shore to produce the push ridg2s var·ied from II~J to tlE. 

Pitting, created by the melting of sea ice 6epos1ted on the beach, 

was common and best develot"J~d ne?r the l aroer ~trean o 1t1 ets. /\t )..h~ 

stream outl et. , the £rea er pr-oport ·iol of fine gra,Jels and the pre" PtJC 

of a recent.!y formed ba-r-rier beach, 'iJhich is formed by wave acti or'l ·in the 

fall, provid2 an area of less compa cted ~ thus more easily shifted , beach 

sediments . ·rhe mean diameter an~ depth of ten pits measured was 3.09 

and 0.63 m, respectivLly (Table 4.6). 

It ·is cone 1 uded that the beach profi 1 e ~ 1t'!i thin the bounds of the 

study are~ on north Som~rset Island, is substa:ltial -!y affected by the 

action of sea ice, esp .cially since this coast is opposite the southern 

end of YJell~ngton Channel which is one of the principal routes for -chr 

removal of pack ice from the inner sea areas of the archipelago. 

EFfECT OF STHE/lJ~S Ol\) THE t.Jt:~~l<SHO f~E I CE 



TABLE 4.6 

ICE PUSH RIDGE AND ICE PITTING DIMENSIONS 
(in metres) 

l)ICE PUSH RIDGES 

Location 

9.0 metres from 
edge of shore-fast 
sea ice 

Range of 10 samples -
same ·1 oca ti on 

Others in profiles 

2) ICE PITTINGS 

Locat·l on 

A.ll \Vere from a. reo. 
a.dj a cent to l"i ve r 
ea.st of camp 

Diameter 
(D) 

5. 0 
2.5 
6.5 
3.0 

1.4to."t.O 

Width of Ridge 
(W) 
2.9 

(behind 1st ridge) 
2.9 
0.5 

0.3 t o 3.0 

Diameter Depth 

l. 4 0.50 
2.2 0. 60 
2.0 0.50 
1. 6 0.30 
7.3 1. 40 
7.2 l. 50 
4.4 0.!10 
1. 9 0. 40 
0. 9 0 .20 
2. 0 0.45 
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Hei ght of Ridge 
(H) 

0.50 
0. 40 
0. 70 
0. 45 

0.20 to 0.5~) 

Ratio 

2. 8:1 
3.7 :1 
4. 0:1 
5 3: l 
5' 2: .i 
4.8:1 
8 .8 : l 
4 ' 7: l 
4. 5:1 
4.4: "i 



these enter into the head of Garnier Bay and Cunningham Inlet. The 

general case is for streams to flow only a few miles to the sea, from 

lakes and/or large snow accumulations found further inland. Most of 

the streams are narrow, and are only deeply entrenched where they cut 

through the series of raised beaches separating the sea from the low 

inland areas. 
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The streams , which had not begun to flow by July lst, 1972, can 

not be credited with the creation of the wide shore lead found further 

offsho re, but were certainly instrumenta l in the remova l of the rema in­

ing shorefa.s t ice. On ,July 6th, one of the small streams adjacent to 

beach profi ·1 e 1J burst open, 11 bu 11 dozing" h tge amounts of s nov-1 and 

gravel to eith~r side of the stream cha:me 1 and onto tile :rearshore sea 

ice. ThG CL:- U.:E v·f tr~ trcm,.Tc!Jt..S aic-:h;..rg -~ of :.utcr VIaS the b~ocL gc 

of meit~·lo. ter· by a large accun;u lation of snow in th ~ stream vall ey 

where the stream cuts through the raised beach zone. The resultant 

discharge of water created numerous large channels in the shorefast ice, 

and within a few hours had pushed all of the nearshore ice fronting 

th2 outlet offshore , where it drifted east under the influence of NW 

winds. The widened shore cracks and leads on either side of the stream 

outl et made it easier for the winds to remove additional ice when, two 

days later~ they blew from the south and southwest . The ot her streams 

near canp did not beg·in actively f1ovJing unt·ll . .July 7th; the streams 

near Cape Renneil had not reachetl any s·ize, b-1e d·: schar-ge by July 9th. 

As a t.e~ult, a vriue zon? or s!·l OI'"':2 .... i) St ice rema ined near Caye R.ernell ~ 

but no<rf base camp on ·ly a .~arro'.'f ice fo ,t ·:;xisted . i\nof:her ob ~.l:rv .. .-cic,-~ 



in f ront straight offshore; but a st ream which gradually reaches flood 

discharge creates wide leads to either side of its outlet, but leaves 

the ice in front practically unaltered. 

The streams definitely have a great effect on the destruction 

and removal of the nearshore ice on north Somerset Island, but the 

magnitude of the effect would depend on the number , i f any~ of streams 

which burst open, similar to the one witnessed, in any one year. 

105 



RADSTOCK BAY, DEVON ISLAND 

4.6 COASTAL CHARACTERISTICS 

Field investigations of coastal conditions at Radstock Bay and 

vicinity have been conducted under the supervision of Dr·. S. B. McCann 
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since the summer of 1968. However, a brief outline of the coastal 

characteristics is required 5 so that a comparison can be made with the 

other coastal e.1v ·ironments currently being studied. It is also now 

possible to summarize the net Geach profile change for the period 1970-72. 

The coastl i n2 of soutl.west Devon Is 1 and is character·i zed by 

vertical cliffs, 200- 300m high (Figure 4.11), which have been a 

pr·imary source of se'1iment for the development of the adjacent modern ard 

raised beache~ in t he major bays and in~ets. The modern marine acc umu­

·lation feat ures are few and simple-: in form; offshor·e ridges and spits 

have fo tme d ·in Un·ion and Erebus bays , while a tombolo connects Beechy 

Island t o Devon Island. 

The semi-diurnal tides at Radstock Bay have a maximum range of 

2.8 m, and a mean range of 1.7~ m. T·ides further west a.t Beechy Island 

are s'light.ly less ~ with a. maximum range of 2 . 7 m, Over an eleven-year 

~·pan ('1960--71), Ca r'lisl e ('!STI) using the ice reconnrtissance dat a , fo und 

that t he or~.n water season vari ed f(om 26 to 50+ days und t hat t he 

average season 1 as tt:'d 44 d0.ys. Bv eak--·up • s ua. .l ly occu r red in ·,ate Jul y or 

early Au.gust , an d freeze up by ea r'l y Octuber. 

f"lcCann end Oith?tls ( 1969) .docunv:nted the shape a. nd , i ze cf t 10 
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beach ma.terial at ~Jalrus Bay, Cape Ricketts and Radstock Bay. Very little 

sand was observed, and the beach gravels varied from -3.0 ~to -5.0 ¢ . 

Cailleux roundness values for the modern beach sediments were very low, 

varying from 25 to 267, with a mean of 184. 

Along the nearshore, an ice foot has been observed during each of 

the summe rs since 1968. The size and extent of the ice foot has varied 

from year to year, but was best developed in 1970 when the average width 

and th i ckness was 16.2 m and 2.2 m respectively (McCann and Carlisle 1972). 

Streams have played a very minor role in the destruction of the nearshore 

ice; however, meltwaters draining from the major frost-wedge cracks have 

been observed to erode channe·l s across the ice foots and to remove 

sediment from the active beach (Taylor 1971). 

Radstock Bay, but the only shores containing a high concentration of icE~-

push sears and ridges vJere tl.ose at Ca ..~e Ricketts. In 1969, a. series of 

ice cored mounds covered by 0.3 m of gravel, and having a height of up to 

7. 0 m abovE m~...c: n sea 1 eve 1 were surveyed by Owens at Cape Ri r.:ketts ( 0\ve ns 

and McCann 1970). 

4.7 SEA ICE COND IT IONS 

"1971 - 1972 

During thE: P a 11 of 1971 , the fte eze- up seq uer:ce was moni t ored by 

Ca. rl ·is 1 ~ Jnd th2 author . On - everal occ( s ion: ~ a ~ n1a 1 · 1 slush or 

l!fa."lse " ic:t foot was fo y·me d, but i 11 every cas e wa ve action dur ing the 

f o.!lovrirg hiqh tide (' ~ s troyed i t. P::r·;T,anc:,d: f ·e r.:. ze- up d ·~ ct no t begin 

unt i 1 af ter a s tor·m on Septc~mber 29th \Jil i d~ C3 "'T i 0: d 1 a r~;::: pieces of o i u 
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ice, i.e. bergy bits and growlers, into Radstock Bay from Lancaster 

Sound. This ice became grounded al ong the western shore of the bay, 

creating a prote~tive bar rier (10 - 50 m wide) for the beach against 

further wave action. A subsequent drop in air temper~ture and the calm 

cond·i t i on of the nearshore waters resulted in the formation of I! grease", 

11 pancaken and finally, 11 young coastal" ice. By October 6th, approximately 

95% of Radstock Bay was frozen (Plate 36) . 

Radstock Bay was revisited briefly, on July 14th, 1972, at which 

time very little melting of the nearshore ice had occurred (Plate 37) . 

In fro nt of the base camp the multi-year ice, which had grounded in the 

nearshore the previ ous fall, protruded above the general ice surface dn d 

was v"'ry dirty in appearance. There wa·s some puddl·ing on the of fsho rt: 

ice bu ~ th9 srow cover was still quite thick alonq the shore. Evide~ce 

of ice fea t developmt nt was abse nt along the weste r~ sho·e of t he bay 

except j us t so utL of Caswall Tower, where a characteristic narrow 

rampart of ice extended out from thE shore. 

A month later, August 14th, a detailed inves t i gat ion of sea ice 

and beach condit ions was resumed. At that time, both Radstock Bay and 

Gascoyne l n 1 et rc~:TJ a ·i ned vi r·tua lly ice covered north of Cape L i ddo11 and 

Walrus Po i nt, respectively. Further south, within Lancaster Sound ~ 

nearly comJ lete open wat er exis t ed. Large leads exi sted acros s Radst0ck 

Bay at the usua l ·i or:a. tions (Fi gure 4 .12), and a natoro · ~' stretch of open 

wat er ex is ted al ong bott! sho res. The ma in 0ody of f "rst yea r i ce wi thi n 

Radstock Bay \'lr.l.S in a vety ad vct nced ~tage of melt ing but, o.c cc~rding tc 

the obs!::rvat·ions of t he Ice Ci 'i si on of t he Atmospher i c ~nv-iromne nt 

c·ct"'v i ce ~ vr:r.Y ·! i ···· t 1 e change in the c.:on:::en·-.. rat i on of i ct::; occurr'?d for· :,he 
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remainder of 1972. Therefore, there was no open water season in 

Radstock Bay and Gascoyne Inlet during 1972. 

4.8 BEACH CHARACTERISTICS 

8E.4CH PROFILES 

11 i 

A ~eries of 15 profiles were surveyed on August 19th, between 

Caswall Tower and Cape Liddon at the south end of the beach (Figure 4.13). 

The survey lines, set up by R.J. Carlisle in 1970 and 197i, extend ftom 

the bench marks on the raised beach to the waterline. The use of si milar 

profile stations allows an examination to be made of the net beach 

profile changes over various periods of time between 1970 and 1972. In 

this examination, the characteristics of the beach profiles at each of 

the time periods w·ill be discussed, but first ·it is proposed to out.li n2 

the g· ner-al b2ach cond ·itions found alo·•g tr e five mi.le stretch of coast. 

At the north end of the beach near Caswall Tower, there is a wide, 

gradual sloping beach (11.7%), wh i ch in Auguct 1972 was characterized by 

a ra.1par·t of shore -fast. ·ice at the land-sea interface) and a shingle 

ridge just above HHWM (Pl ate 12). Further south along the shore, the 

active beach is much narrower c:.nd is usually backed by a steep bluff 

cut in rctised beach de posits. At profiles 11 and 12 the act ive beach is 

usually ·1 i r~ed w·i th nul"'=~rous smal l beach ri dg s caused by \·laves refracti r~g 

a.t the S!.lal·l headland further south. In 1972, the same area exh ·ibited 

some be;:~ch p·ittiilg. Ice push mounds c1nd a steep bRckshore are the main 

feutur·-.s -Fout!d at prof·iles 9 and 10 and~ to a lesser degr·ee, at prof·ile 8. 

The stse1)est a.ct·i ve beach slope, 19.6%, was observed at profi.le 9. 

Prof·i1 es ·1 thrcugh 7 a· ··e 0.11 baci:ed by a ste~p raised bE::ach bluff ~ a r~ ·~ 
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in 1972 all possessed a ridge of at least 0.25 m in height at~ or just 

above, HHWM. The slope of the active beach varies at the seven profiles 

but the mean slope in August 1972 was 17.1%. Bedrock is found at the 

back of profile 1, while till is found at the base of the backshore of 

profile 7; the rema ining profiles conrist entirely of gravel. Two small 
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stream outlets , entering the sea between profiles 3 and 4, and 11 and 12: 

are t he only interruptions in the continuity of the shoreline. 

FROST TABLE DEPTHS 

Frost table depths were obtained on August 19th and 20th at pre-

selected sites across nine beach profiles located along the western 

shore of Radstock Bay. The greatest depths found across the beach were 

at HH WM . Els e~here across the beach the depths were similar except at 

the depth of the active layer ~ere also observed along the beach; for 

example, on the south f acing beach near Casv!a 11 To'der average depths Gf 

43 .6 em were recorded, but on the east i=ac·ing 9each which is lined by a 

relati ve ly high backshore, the dP.p t hs were only 28.3 em. It appears tha.t 

local aspect and situation are the primary factors controlling the frost 

tab1es on this beach . Si milar concl us ions on the effect of aspect were 

also reached, nfter· a study of gr"ound ten per& tures on u i f ferent facing 

slopes near the b~se cam~. 

4. 9 C! LI1,NGES IN 8[J-\ CH P~OFl LE 

{\ r t:qu1 ar· part of t.h'-' bea ';h pto~ra:11 a . the Ro. dst.JI~k Bay si te ha:::: 

been to r9su r~;ey a set of- th ·i rteen to fi ·ft2E.n profi 1 es O'JeY' t!iP th ree 

fi2ld season_ of 11 Q 7 o· t 0 l q 7 ') / != ·: 0 1 l \~-e , 1 '..1 ) _, , "" , _ \ • • ... J ,_J( ~ • v ~ A set of seven proFiles 
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TABLE 4.7 

DEPTH OF ACTIVE LAYER AT BEACH SITES, RADSTOCK BAY 

Beach Raised Top of HHWM l~HWM Edge of Mean Mean Aspect 
Profi ·i e Beach Act ·i ve Ice or Depth Grain 

R·idge Reach Water Size 
C¢) 

1 

2 26.0 26.0 32.0 23.0 21.0 25. ·1 -4.48 E 

3 

4 33.0 29.0 ~5.0 28.0 13.0 28.0 -4.48 E 

5 

6 31.0 23.0 39 <0 31.0 31.0 31.0 -4.48 t:" 
L-

7 30.0 28.0 27.0 2~- .0 24.6 -4.46 ESE 

8 31.0 33.0 44.0 31.0 18.0 30.8 -4.30 E 

9 34.0 19.0 18 .0 12.0 20.7 -4 .30 ENE 

10 

11 

12 30.0 46.0 29.0 19 ~ 0 30.2 ·-3 . 74 E 

13 38.0 45.0 64.0 45.0 48.0 -4. 2"1 s 

14 

lS 45.0 44.0 33.0 28.0 39.2 - 4 .21 s 
t~e an 
Depth 32. 0 30 . 9 37.9 30.4 20.2 30.3 

Depth:) a "'e in cent: ;met res 

M~.a n grain s i ?.e from 0\•/e ns (1969) 



were als6 surveyed in 1969, but are not included in the present 

analys is of beach chang~s. The 1970 and 1971 beach profiles surveyed by 

R.J. Carlisle, as part of his M. Sc. study, were used by McCann (1973) 

together \vi th earlier data ~ to document the short term profi 1 e changes 

occurr ing as the result of three individual storms, one in 1969 and two 

in 1970. Changes in beach profile over a whole season, however, were 

not examined, nor has there been any discussion of changes over an 

average winter season. It is these longer term changess plus the change 

in beach profile over the two-year period of 1970 - 1972 which are 

exami ned below . 

A comparison of the individual prof iles over selected periods of 

time was facilitated by the use of a computer program devised by E. 
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Br-ya11~ ( 0'"12 ). ·11e re :::,ul ts ar-e e .. preS...>t as an C:Area ·i mea~L!re (f/1 ,_J 

representing the change in area between successive profile curves. 

Negative values indicate a loss in beach material from the foreshore zone , 

and positive values an addit ion. A cumu~ative value of change for the 

series of profiles may be used to provide a mean value for the beach as a 

whcle. Although the individual profiles were carefully surveyed on each 

occa s ion~ difficulties ari se in compar ing successive profiles bocause of 

changes in bea.cr: te r-nii no logy or reference points by di ,..terent observer-s 

over tl1e t v!O y2ar period . r~~Y set of profi lcs which were thought to be 

inaccuratel,Y aligr.ed 2nd l ·i ~/e1y to give inaccl-rate r·esults have been 

rejected ·j n the current ana 1 ys is. The res c: 1 tant prof·i 1 e changes are 

shown in F lgures 4.1 4 to 4.17. 

( 1) f~.!l~~ .J - ~b-ct. !]_9_§_ ; A: llJC; l chan~J s in beach profile result fro ·' 
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BEACH PROFILES - -RAOSTOCK BAY (AuG.23-SEPT. 23 1971) 
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BEACH PROFILES- RADSTOCK BAY (sEPT.23,1971-AUG. 19,1972) 
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vJave action during the open water season, sea ice action during the fa 11 

and the effects of springmelt runoff. Net annual change for each profile 

was calculated for 1970 - 1971 and 1971 - 1972 by comparing a set of 

profiles surveyed at the beg inning of open water season in the first year, 

and a second set at a comparabl e time the following year . 

Between August 15th , 1970 and August 23rd, 1971, the net beach 

profile change over the 8.0 km l ong, 25.0 m wide active beach was 

,_ ( 8) h nor b t • -18.96 M Tab 1 e 4. . In genera 1 , t e &&Yth end of the eacrl exper1 enc-

ed the greatest posit ive change. This trend appears to substantiate the 

claim by all previous writers that the net longshore sediment movem2r1t is 

from sout h to north; however, the source of sediment for the build-up o·f 

the northern part of the beach cou1 d h~ve been from offshore . An 

examina.t·ion elf tlH~ ·i ndiv ·i dual profi les indicates t!,at the ·Jave act·io!1 of 

1970 vas destructive; eight of the thirteen profiles experiences erosi on 

in the upper par·t of the beA.ch zone, particularly of the steep ra ·ised 

beach bluff which occurs at several of these profiles. Two profiles 

experienced general erosion across the whole foreshore and three others 

had erosion in the lower foreshore, and accretion in the upper foresho re . 

The observat i ons of beach conditions in 1970-71 indicate a genera, 

combi ng down o~ th~ intertidal beach zone, with most profiles experienc-

ing a steepeni ~g of th~ backshore. Further evidence of the magnitude of 

the storm v1. \Je octivity in 1970 VJas the presence of new ·Jc ~ push at 
OJ 

profi ·1 es 6 to 8, and bu :i ed brtlls h ice near ptofi 1 e 3. 

lhe annu-J beach profile change in 19TI-?2 v1as slightly l ess ·Lhan 
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TABLE 4.8 

NET PROFILE CHANGE - RADSTOCK BAY 

Profil e 1970-1971 1971-1971 1971-1972 1970~ 1972 No. (1 year) (Aug.-Sept.) (Sept.-Aug.) (2 years) 

1 +0.625 -0.208 +0 .312 -0.311 

2 +0.625 -7.083 

3 -7.604 +6.250 -1.458 -·2.083 

4 -3.437 +1 . 979 +1 .042 -0.099 

5 ~7.708 +9. 167 ~ 10.521 6.040 

6 + 1. 146 -[)' 937 

7 -1 . 771 + .l. ~51!-

8 +1.849 -0.921 +6.354 +7. 604 

9 -0.521 +0.833 

10 -2.187 ·t0.417 +1.042 -1.042 

11 -1.875 -0.937 - 0.52i ... 2.81 2 

12 +2.500 +3.229 ~6.042 -0.937 
13 +0.000 +4.479 

14 +1.562 +3. 021 -1.562 +5.939 

15 -·i .458 -2.919 +6,562 ~2.502 

+ chan gr-> J. 161 25.209 2"1. 978 13. 543 

- change 24 .259 "14. 360 20 . 104 21.763 

N .t ch ar;9e - ·l7. "108 +10.849 +1 .874 ··8.220 



months into two shorter time periods, so that the effect of wave action 

and sea ice on the beach profile can be isolated and better understood. 
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(2) Seasonal Change ~ Wave Action: In 1971, beach and sea ice 

conditions were monitored from August 20th to October 8th, a period which 

included all but the first three weeks of the open water season which 

began in the last week of July (Carlisle 1971). The last set of profiles 

was surveyed on September 24th, when freeze-up of the beach had been 

initiated. Two medium-sized storms occurred duri ng the season, one on 

August 23rd to 26th, the other on September lOth to 11th. Associated 

with both storms were winds of 35 mph, from the south or southeast, waves 

of 4 t o 6 second period, and sea ice which drifted into Radstock Bay from 

Lancaster Sound. The sea ice, which drifted to the west shore of the 

bay, acted initially as a protective barrier for the active beach against 

the storm waves. Eventually, the ice was eroded and the remnants thrown 

up onto the upper beach and buried by shingle. The beach profile changes 

after each of the storms has been summarized by Carlisle (1971) and 

McCann (1973), and an examination of the changes over the open water 

season (August 23rd to September 24th) substantiate their observations. 

There was a net accretion of 10.85 M~ in this period; the principal areas 

of accretion were at profiles 12 to 14, and 3 to 6 (Figure 4.13). At nine 

of the fifteen profiles there was deposition in the upper part of the 

beach, and at eight of those profiles erosion occurred in the iower beach ~ 

The beach profi l es adjacent to Caswall Tower showed an opposite trend of 

buildup in the lower beach, with some erosion in the upper beach. 

(3) ~easonal ~hange - Non-wave Action: The return visit to 

Radstock Bay in Aug ust 1972 provided an opportunity to see what changes , 



if any, occur in the beach profile during the winter and spring .. In 1972, 

open water was not experienced within inner Radstock Bay, except for a 

narrow band of open water along the shore. 

The net beach profile change was as expected, very small, with a 

net increase of only l .87 m for the entire beach. In spite of the small 

overall change to the beachs there we re considerable changes recorded at 

the individual profiles. For example, the changes varied from a decrease 

of 10.0 m at profile 5 to an increase of 6.3 m at profile 8. At ten of 

the fifteen profiles, the lower part of the beach had been eroded and at 

ni ne of those s ame profiles, a substantial shingle ridge had been fanned 

at the top of the intertidal zone . The ridge was probably the result of 

pressures exerted on the shore fast ice by the sea ice during the winte r 

months . The erosion of the lower beach slope could have been a res~1t of 

the forma tion of the high tide ridge and/or the springmelt waters which 

have been observed to carry sediment from the 1 and oPt onto the nearshor·e 

ice. Accretion at the base of the raised bea ch b'luff and erosion near 

liHWM, with de position to either side, were additional features observed 

along t he beach. The former feature is thought to be the result of 

sed i rr.e:1t s 1 umpi n~ f rom the raised beach s 1 ope as the permafrost me 1 ts, 

u.nd t l: t~ se con d feature may be due to a melting in the spring of the brash 

ice whi ch wcts t ~ ro~1 up on shore and buried during the previous f all. 

It i ~ no t possible to sta t e whether si milar va ·iations in 

individu a ~ beach prc f i1 es occur ea ch winter, but it is bel i e ~e d t ha t t he 

. genc ra·i l ack of a v/e .l l -deve loped ·i ce foot in th t. wintE r of ·19T! - 72 may 

have f acilitated an increased sea ice mo vemen t on t he bea ch f ace at the 

beginning and end o·: t he \~! in te r- petiod . Ovc: .. ·all, tr.e c' .ancc::s are sr:-;~l 1 
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and of no great significance in the general beach process. 

(4) THo Year Ch~nge: The beach between Caswall Tm~er ar.d Cape 

Liddon has suffered a net loss of sediment of 8,22 M ~ove r the t wo-year 

periode A general net decrease in beach profile occurred along the beach, 

except at profiles 8 and 14 where a net increase was found. Areas of 

erosion in the beach profile were found at the steep~ raised beach bluff 

at the back of the active beach and in the lower beach. 

Jt can be concluded from the foregoing analysis that a considerable 

change in a given beach pt'ofi 1 e can occur . in any one year, but '~>!h ·i ch, 

depend ing on circumstances, may be a net positive change or a net negative 

change such that~ when the results are averaged for the whole beach, less 

change is observed. In the case of the beach at Radstock Bay, the input 

of sediment appears to be insufficient tn offset the losses of sedim 3 nt; 

hence~ i t has been slightly eroded over the two-year period of 1970 -72. 

The coasts of north Somerset Island and southwest Devon Island 

arc: good examples of the High Straight coastal env ·ironrr;ent; each has a 

regular coastline consisting of raised beach terraces along the major 

port ·ion of the shore, and high steep plateau slopes at the headlands. 

The two study sreas are lccated across Lancaste. Sound from each other, 

but they di f·(er i . s ·! t~at ·i on . The beach studied o; no , .... th Somer-set 

Isl3nd l ios on (t majof se~ chan r e·l, whereas the beach exantir~ed on south-· 
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average of 44 days. A semi diurnal tide is experienced at both places, 

but because of locat ion Radstock Bay has a 0.5 m greater mean tidal range 

than north Somerset Island. 

The nearsho re ice characteristics are similar along both coas t s; 

each exhibits a substantial ice foot, with dimensions of 15 to 16 m wide 

and 2 to 2.2 m thick, in most yea r s. Ice pitting and ice push are 

common on either shore, but are best developed on the more exposed coast 

of north Somel'se t Island. The pus h mounds observed in Radstock Bay were 

generally of a small scale, while similar features found on Cape Ricketts 

were of a more compa rable size to those on north Somerset Island. The 

mean diameter a~d dept h of the ice formed pits were 3.09 m and 0.63 m= 

respe ctive ly~ on nor-·"'· h Somerset Island. 

The cha ract eristic beach profil e was a narrow ~ relatively steep 

act ·! ve beach, backed by a 1 ow, steep~ raised beech bluff. The mean 

acti ve beach slope at Radstock Bay was 17.1%; t he width of the beach 

vari ed , but it was less than 25.0 m. Tre nds of dec reasing grain s ize and 

increasing ro u.1d ~e ss of pebbles , with di stance northward from th~ plateau 

on the bea ch at Radstock Bay, have i ndicated the direction of net long­

shore drift ( fV!c CGnn and Owens 1970). On the othe r hand, at nor t h Some r-se t 

Island oppo s i~ g trends in grain s ize and -hape we re found on the active 

and non -acti ve beach wi th di star1ce fr om the plate au s lopes. The ~ e di ment 

o·f t he non·-act i 'c: beach indicated a movement of sed·i rr.ent fr':lm ~·ie st t o 

east, whereas t :,e ana t vsis of sedi ment on t he a.ctive beac h indicated a 

l ongshore dri ft fro. east to west . The Cail l eux (1947) roundness v1lue 

for t he s( _~ i rle r t _ f r nm .or t.h Sume rset Isl und was 199 ~ ·1 , ar~d from ~u dst ock 

Bay_ 184 , 0. The bt. a. d - sed·lments s ~:1mpl e s at Some r set Is land also conta.ine:d 



a larger proportion of sand than the sediment examined at Radstock Bay. 

Frost table depths were recorded in early July on Somerset 

Island and mid-August at Radstock Bay, yet the mean values for each 

beach were very similar. The mean frost table depth on the beach of 

north Somerset Island was 32.2 em, whereas a mean depth of 30.3 em was 

recorded on the west shore of Radstock Bay. Aspect is believed the 

. greatest factor affecting the depth of the active layer at Radstock Bay, 

because the greatest depths of 48.0 em were found on the south facing 

beach, while depths of only 20.1 em were recorded on the east and north­

east facing beaches. 

Beach profile change over a two-year period at Radstock Bay 
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shows a net loss of 8.22 M~, which indicates that either the input of 

sediment was not sufficient over that period to maintain an equilibrium, 

or the waves were of a destructive rather than a constructive nature. l n 

1971-72 the beach was built up, but in the previous year it had been 

combed down by an even greater amount; therefore, a change in beach 

profile one year can cancel out, or possibly even enhance, the change 

created in the previous year. It can be concluded that, in the short 

time period, variation in beach profile at one site is usually much 

greater than that for the whole of t he beach. 



CHAPTER V 

RI OGE AND VALLEY COASTAL ENVI R.ONMEN·r 



HOOKER BAY, BATHURST ISLAND 

5.1 INTRODUCTION 

The "Ridge and Valley'' coastal environment, which is part of the 

Innuition physiographic region, is characterized by an i rregular coast­

line of long) fingerlike peninsulas and intervening inlets. The 

peninsulas are representative of the most resistant fold rocks; the 

valleys, of the 1east resistant , A detailed investigation of a short 

stretch of coast within this coastal environment was comp leted during 

the first two weeks of August, on the west coast of Bathurst Island. 

Hooker Bay (/5 ° ~3'1':, 100° 30'W), the site of the detailed study ::. is 

situated at the southern entrance to Graham Moore Bay where the ridge 

and valley topogrnphy is particularly well developed. To the south of 

Hooker Bay, the coast i ~ more characteristic of the Arctic Coast al 

Plain, with low relief and numerouy consequent streams. It was 

orig i nally pla~ned t o extend the investigations to this low, sandy 

coastline~ but l anding difficulties and poot wee:tther- cur-tailed 

operat ions ., Consequently, thi:::: chapter Oil the Ridge a.nd Va'lley 

coast al environm~nt is restricted to the i nformation obtained within 

Hooker Bay and the i mmedi v.te s ut roundi ngs. 
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5.2 COASTAL MORPHOLOGY AND BATHYMETRY 

Graham Moore Bay and northeastern Viscount Melville Sound are 

both relatively shallow, with maximum sound i ngs of only 125 fathoms, and 

more common depths of 80 to 100 fathoms (Hydrograph ic chart No. 7078). 

There are no actual depths given within Hooker Bay but it is presumed 

to be shallower than 17 fathoms (Figure 5.1). Foreshore flats or 

shallow waters are also indicated along the entire shoreline of the bay, 

on the Grdham Moo re topographic map (68G). The two large shoal 

areas within Viscount Melville Sound {Figure 5.1 ) are too distant to 

really affect co as tal processes wi thin Hooker Bay, but they could 

promo~e -'::1e g ''OLT! .! ; ·~ · ~ .. ~ea ·j ce and de ·1 ay ·j ts final remova 1 from the 

Sound !) -thus decreasing the amount of possible wave action. 

The coastal en vi ronment of southv·iester-n Bathurst Island is par-t 

of a low mo.r i ne plain which exte:1ds from A11·i son Inlet on the so ~.1thern 

Bathurst shore t o Cape Cockbu rn and north to the head of Hooker Bay . 

The co -e st is 1 0W ~ flat and featureless, v.rith numerous small 

str·earns crossing the area at r i ght angles to the shorel ·i ne. The 

majority of th~sc st reams are i ntern1ittent ~ and have usually dried up 

by ea r l y !\Ug l..lSt. In the v·i cinity of De la Beche and Peddie Bays, the 

hroa d sandy beache~ r ·ise gently and slowly to the l ow, vegetated plain 

Raived beach t e rr·ac 1~ s are also very 

prom ·iile 11t a1on~; ti-.e:.:e shores, but patticula.rly so at tne hea.d l n.nds of the 

bays and in l ~ts. At the sides of the "nlets, the vegetation and 
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bedrock to form a gradual rising slope. Although the relief of the 

land only rises to 90 or 125 metres ,several kilometres from the coast 

three vel~ prominant hills occur; at Cape Cockburn, south of 

De la Beche Bay and just south of Hooker Bay. 

From Hooker Bay northward to the north shore of Bracebridge 

Inlets the beaches become narrower and the coast steeper and much 

highe r (60 to 150m). It is here that the resistant fold rocks 

orient ed in a SSW-ENE direction have created the long peninsulas and 

strings of islands. These islands, which appear void of vegetation, 

have a core of solid limestone or sandstone bedrock, covered and 

fringed by shattered rock debris. 

The area of detailed nearshore and beach investigations 
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extended from the sout h shore of Bracebrid9e Inlet along the irreg ~ lar 

coastline of bays and peninsulas to the south shore of Hooker Bay. 

Diagnostic characteristics were observed for each of the north, south 

and west shorelines of the several peninsulas and bays . The northern 

shoreline is characterized by narrow , steep~ active beaches of gravel, 

backed by a low, steep bluff and a relatively steep slope 

of cout'se gravels and boulders. In many cases, the ·lowe r slope is 

cove r~d by solifluct~on debris and remnant snow patches which 

represent the up er 1 imit of soliflucti on. Raised beach terrares are 

vt:-:r-y prornina~t on th: northern slopes, particu~ arl y at or near the 

\<!estern end of the peninsu las. In the l atter at'ea:~ the active beach is 

once u.ga.in very rwrro':J , backed by a steep ·ice push ridge 

and \'ride r'ai St!d beach tE:~naces v!·i tf ·int2nne<l"iate smal '! ponds. Outcrops 

of sandstone a.nd/ur l·fmestone arc <:~I ~~ o very common . On the southern 



shores, the active beach becomes progressively wider toward the head of 

the bay, and is composed of fine gravels and sand. Further inland, a 

much shallowe r slope of soliflucted debris and vegetation, frequently 

cut by short streams, exists. At the head of the bays, wide, sandy­

gravel beaches, cut by numerous small intermittent streams and 

usually one larger stream, are the general case. Wide mud flats with 

some 'oulder or rock outcrop (Plate 14 ) are exposed at low tide, 

particularly adjacent to the major stream outlets. 

A small spit occurs at t he end of some of the peninsulas, 

probably as th~ result of wave action. 

5.3 TIDAL CONDITIONS 

A brief exarilina tion of the dail y tida l asci l"lat ·1cns VJas carr ied 

out i n front of the base camp at Hooker Bay, between the hours of 
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10:00 C.S.T. August 6th to 03:00 C.S.T. August 7th. Measu rements of the 

Hate r· 1 eve 1 V·tere obtai ned E: \.lety ha 1 f hour~ using an abney 1 eve 1 and 

surveying staff. The data from Hooker Bay was , for purposes of 

analysis, compared to the predicted tidal heights and times for Winter 

Ha r·bou r· ( Viscount ~1') l vi ·11 e Sound) , tile c 1 os est appropriate secondary 

port, and Tu ktoyaktuk, the tidal reference port (Tab le 5 ~ 1). 

A semi~diurna1 t-ide occurs at all three locat ions and the mean 

range in tide is small -less than 1.0 m- on August 8th, approaching 

new moon. Values , ~or rne~n tido.1 range on fu~g ust 6-7 were greaV:lst at 

~~inter Harbour (0 . 97 m) and least at Tuktoyaktuk (0.18 m); Hooker Bay 

had a ·r-ar,ge of 0.65 rn (Fig tirt: !3.3 ;. Difficulties a t·ose ·~n the at tempt 
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TABLE 5.1 

Compa ri sons of Hooker Bay with Tuktoyaktuk and Winter Harbour 

Location Higher High Water Lm"er Low Water· 
i·~ean Large Mean Large 
t ide tide t ~ --!e tide 

Tuktoyaktuk~'<' 0.60 0.70 0.30 0.20 

vli nter Ha!"bour·k 0.37 0.64 -0.24 .40 

Hooker Bay 
0.39 0.15 'pr-oposed va. ·1 ues) 

.,~:pub 1 i shed val~es 

Mean Mean Mean 
High tide Lo~t Tide water 

level 

Tuktoyaktuk # 0.06 0.12 0 .. 54 

Wi n·,_er Harbour # 0.34 0.60 0.83 

Hooker 13ay 0 0.25 0.39 0.39 

# pred1cted values 
o obser ved values 

All heights given in m0tr2s 

Mean 
water 
level 

0.40 

0.49 

Range 
Mean tide 

0.18 

0.97 

0.65 

Range 
mean 
tide 

0.30 

0.91 

0.68 

Period 
(in hours) 

11 . 5 

12.0 

13.0 

__, 
w 
r-..> 



133 

incor1sistencies found between the published and predicted values for the 

other two locations. Nevertheless, it is believed that the mean tidal 

range of Hooker Bay would approximate 0.68 m. The tidal period, a 

function of geographical position, was longest at Hooker Bay (13 hours) 

and shortest at Tuktoyaktuk (11.5 hours). 

5.4 SEA ICE CONDITIONS 

Information, in detail, on sea ice conditions within Hooker Bay 

is nearly non-existent because of its location and lack of importance 

for ship navigability. Nevertheless, data of sea ice cover offshore of 

the we stern side of Bathurst Island is sufficient to draw inferences 

about the ice cGnditi ons in Hooker Bay. 

SUf\1~1ER OF 1958 

Aerial photogr aphic coverage of Hooker Bdy taken in mid-Augu:; t 

of 1958 permits an apprais ~ l to be made of sea ice conditions within 

t he bay during one part icular year, and also provi des an ~nsight into 

t he re 1 at i ems hip between sea ice cover in Viscount Me 1 vi 11 e Sound and 

Hooke r Bay (Figure 5.4). There was no evidence of fast ice of any type 

along th~ shores; i n fact, open water existed at the head of Hooker Bay, 

De 1a Bech ·~ Bay and Bathurst Inlet. ft. narrow strip of open ltJater could 

be observed along the ent·ire shoreline, even where sol·id ice cover' still 

existed offshore. Lea.as and fractures ra·..,·iated outward from the head­

land- ~nd islands, ~h ich acted as centres of sea ice brea~~p. The ice 

in no, ·thern flje 1 v -; l'! e Sound \'ias ~ ;;owever, s t i 11 comp l etc, The celitres of 

sea ice di~. i r~ te grat·lo n \'/it! li n Hooki:..r Bay ar..pe':'.r to ha.vf~ t:c~ c.:l ··: at tJ:e 
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mouth of the large streams or wherever substantial fluvial discharge 

occurred during the spr·ing melt. Melting in si~ and v.Jind action were 

probably two important factors in the final removal of ice from the 

bay. If the 1958 ice conditions are indicative of other years at the 

same time period, then one can assume that wave action is limited, 

since a fetch of open water of less than 6.0 km is possible. 

1965 - 1972 

The ice observations of the Ice Division of the Atmospheric 

Environment Service provide the only available record of ice conditions 

during this period. Sea ice cover for each of the eight years has been 

summarized in Figures 5.5, 5.6 and 5.7 . Each indicates the ice 

conditions in the third week of the three n1onths of July~ August and 

September, unless otherwise stated. 

In July, the inlets and channels are completely covered with 

multi year or thick winter (first year) ice, and , except for the 

initial formation of tidal cracks and leads and the melting of 

surface smow, little happens. By mid-August, open water areas have 

been created in one or all three of the fo-llowing loc:at ·ions~ Byam 

Martin Channel, Byam ~ .. 1art in Island and the south shore of Bathurst 

Island . In addition, many of the bays and inle t s may contain 

substantial open ~ater by this time. In the most favo urable years, 

e.g. 1970, wind action creats a lin kage of the centres of ice breakup~ 

resulting i11 nearly complete open water condition~ between Gathurst and 

Melville Islands. On the other hand, under less f~vourab1e conditions 

the o··Jen 'dater ate<1s wi11 only expand s·l ·ight.ly Or" not a·i: ull. It v.tcl{ld 
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appear that maximum open water conditions occur in the first two weeks 

of September. 

The length of open water season in Hooker Bay was calculated 

using complete open water as the beginning of the season~ and at least 

.7-9/lOths new ice at the end (Table 5.2). The basic data is derived 

from informat·ion relating to the western coast of Bathurst Island, 

particularly near Hooker Bay. Assuming that there was no open water 

in the bay during 1967 and 1968, the mean length of open water seasor 

for the eight year period was only 25 days. The longest open seasons 

were recorded ·in 1970 ( 46 days) and 1966 a.nd 1971 ( 42 days). In an 

average year, Hooker Bay is open ~y August 30, and frozen over again by 

September 24. Wave action in Hooker Bay is possible before the dates 

. g·iv ·n i n iable 5.2:; l~<Jv·Jever, wave action 1s probab.ly prohibited in the 

bay at an earlier date than in Viscount Melville Sound. Freeze-up 

probably occurs ver·y eas i 1y \'!i thin Hooker· Bay, gi VGi1 appropriate 

temperatures, because of its shallow bath}m2try and sheltered 

location. Sea ice conditions on August lOth are shown in Figure 5.8, 

and the ice cronicle for the first two weeks of August 1972 is given 

in Append·ix E. 

Larger ice floes a~d multi-year ice were observed to linger in 

the ncrth-central portion of Viscount i"vle ·lvill e Sound, a fact \Yhich 

substantiates the earlier remark that the shoals, present there~ hinder 

the removal of i ce. 
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TABLE 5.2 

OPEN WATER SEASON 
(Western Shore of Bathurst Island) 

Year Break-Up freeze-Up No. of Days 

1965 Sept. 10 Sept. 24 14 

1966 Sept. 10 Oct. 22 42 

1967 9/10 thick winter Sept. 24 0 
·ice (Aug. 20) 

1968 7-9/10 thick winter Sept. 24 0 
ice (Aug. 20) 

1969 Aug. 27 Sept. 24 28 

( 36 -· 56) 
1970 Aug. 19 Sept. 24 - Oct. 14 46 

1971 Aug. 19 Sept. 30 42 

1972 Aug. 20 Sept. 13 24 
(approx~ mately) 
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5.5 · BEACH AND NEAR~HORE CHARACTERISTICS 

BEACH PROFILES 

A set of 10 profiles were surveyed along the shoreline of 

Hooker Bay (Figures 5.9, 5.10). The location of the profiles was 

selected so that comparable sites along the shoreline of the peninsulas 

and small bays could be examined. Bench marks (of stakes) were 

usually placed at the base or top of the low bluff found at the rear 

of t he beach zone. In si tuations where the beach vJas very wide, the 

bench marks we re fixed on one of the small, raised beach ridges. 

Profiles C and I, which are located at the end of peninsulas, 
0 

and profiles A and .Z which have similar characteristics, can be 

discussed together . The active beach at profiles A,C and D are ba c~cd 

by a low bluff , 0.5 to 1.5 metres high, and have a narrm-v, steep beach 
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face, 2-4 metres. Slope gradients of 19.2% and 18.2% were obtained at 

profiles A and C3 and 13.3% at profile I . Although these gradients 

were the steepest of the ten profiles surveyed, profile I, which had the 

sha 'll ower gra ji ~nt and wider beach face ( 11 m), \t·ms r:lO "e comparable to 

the rest of the profiles. The width of the active beach vari es from 

7.0 to 12.0 m at profile B, E and H, and the steepness of the slope is 

nearly identical at al l three locations (11 .6 to 11.8 %). However, the 

latter two profil es differ from th~ first because there is a much wide ( 

and f"l dtte~ back shore zone, up to 40 m \tJi de . A depress -; on once fi 11 ed 

with water occurs in the backshore zone of profil es E and H. Beach 

dev~ lnpment is greatest at or near the head of the bay~ where ~a rge 
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of the bayhead beaches 
F, G and J are rep;~esentati ve ;\and have beach zones over 40 m wide 

which are backed by low moss covered bluff. This bluff marks the 

interior limit of the beach zone. These profiles are also characterized 

by the widest active beach, 11 - 12 m , and the shallowest beach face 

slope . The gradients calculated ranged from 8.5% (profile G) to 

10.9% (profile J). The offshore depths at the last three profiles are 

very sha 11 ov; ~ with a nearshore topography of ice-cored mounds, boulders 

and sB.ndy-mud flats being exposed at low tide. In fact, at profile J, 

i t was possible to walk offshore for 12.0 m, on the exposed sand flats. 

Addit i onal nearshore depths were recorded to profiles C,D and I where 

the measurements could be made from the sea ice which still existed 

alongshore. In each case, the nearshore -;s very shallow, but at the 

side of the peninsulas there appears to be a greater slope (at a 

comparable distance) than at the end of the peninsulas (Figure 5.9 ) . 

Offshore at profi le C (112m) a depth of 1.7 m was found on a bedrock 

floor, where a sha11ow rock platform is beli eved to extend considerable 

distances off shore . 

BEACH SEDI MENT 

( 1) §ra_·i.I!_ S ·j ze _1\n a. l.~_.i s_: Samp 1 es of beach sed·i ment \vere 

coll ected at th ree l ocat ions across each of the surveyed beach profiles 

and on the expo~ed offshore fl~ts at profile J. 

The sorti ng in each of the sampies was poor to very poor, 

except for two of the sampl es col lected at profile I which were 

moderate ly sorted. Sorting , which pr vides an ind i rec t n1easure of wav~ 

enet·gy, t estifiGs, i n this cc,se~ to the 11 t nl.losed" annual sea ice 



conditions ( Chap.ter 11) and the fact that Hooker Bay is very 

sheltered from wave attack over a long fetch. A more detailed 

examination of the sorting values reveals that the best sorting occurs 

on the northwestern end of the headlands (profiles Band I), and the 

poorest on the sheltered southern side of the peninsulas. 

The beach sediment is fine gravel (<-4¢) and contains varying 

amounts of sand. A trend in mean grain size occurs both along the 

beach and across it. The sediment becomes progressively coarser 

outward from th2 head of the bays to the end of the peninsulas or 

headlands where the coarsest sediment (-3.5 ¢) was observed (Appendix 

C , 0) • T h ·j s i s part i a 11 y the res u l t of the quanti t y of sand i n the 
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samp 1 es which decreases in propo~"' ti on outward from the head of the bays. 

The ·largest proport·lon of sand occurs in the samp -le from the offshore 

flats ~ which consisted of 75% sand and had a mean grain size of +0.26~. 

It i s believed that there are two sources of sediment in Hooker Bay: 

the f irst is the erosion at the tip of the headlands and the second is 

the large streams at the head of the bays. A dual source of the beach 

sediment along the peninsulas is substantiated by the bimodal grain 

size dist ribution of those sediments as compared with the unimodal 

dist r ibution for the rest of the samples. A bivariate plot, using 

mean grain si7e and standard devi ati on (sorting ), further emphasizes 

diffe ~"'ill~J sed i m_nt characteristics along the shore (Fi9ure 5.11). 

t·1oreovl;r, the sediments from the head of the bays and the side and end 

of the penin~elas may be differentiated . 

~n. fu r th0}' trend in gra·in si ze distr-ibution ~lay be observed 
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across the beach. There, the sedi ment increases in size upslope from 

MHWM, and, as would be expected, the proportion of sand in each sample 

decreases upslope from MHWM. This clear demarcation of sediments 

across the beach is not so distinct when shown on a bivariate plot 

(X vs6), where considerable overlap between the samples occurs 

(Figure 5.11). It is considered that the finer sediments are being 

combed down the beach face and deposited at MHWM where the increased 

wave action enables the finer sediments to move alongshore. 

Little additional information was gained from an examination 

of skewness values~ except that all the samples but those from 

profile B were positively skewed. Reasons for the finely skewed 

samples could be the presence of sandstone bedrock and the additional 

input of fine sediment from the large streams. 

(2) §rai~5J~~P.e Analysis : A study of grain sha pe along with 

t he si ze distribution analysis enables a more comprehens ive understand­

i ng of the coas tal precesses in Hooker Bay. Roundness values provide 

an indirect meacure of wave energy and the shape and sphericity the 

agent of deposition and transport (Krumbein 1941, Sneed and Folk 1958), 

Measures of f"l atness ~spher i city and shape were ca 1 cul a ted for 

each of the sediment samples used in the size analysis, and roundness 

values were obtained from five samples. The procedures followed were 

s imilar to those used at Makinson Inlet (p.~o )! and are outlined in 

Append i x C . The mean val ue of flatnesss sphericity and roundness for 

all of the samp les collected was 461.67, 0.448 and 188.06. 

Use of Zingg (1935) and Sneed and Folk (1958) sh ap~ ratios 

reveals that t he b~ach se ~iments of Hook~r Bay are Disc to Bladed 
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(Zingg) or very bladed to very platy (Sneed and Folk) in shape. A 

three dimensional diagram of those shapes is shown in appendix C. 

Using the Cailleux (1947, 1952) flatness index as a measure of shape of 

the sediments of Hooker Bay allows a more detailed analysis of the 

spatial distribution of sediment shapes to be made. Flatness values of 

the sediment sampled alongshore indicated little or no trend. 

Nevertheless, the lowest values at HHWM were detected at the headlands, 

while the lowest values recorded at MHWM were observed adjacent to the 

two large streams. A very noticeable trend in flatness values was 

found across the beach. The mean flatness values decreased downslope 

from the non active beach (574.49) to MHWM (373. 16). A mean flatness 

measu re of 505.05 was recorded at HH WM. 

The s c~rcitv of rl~t~ pravent ? . nnod ~na l y~ i s of rounrlnes ~ ; 

however, the great est values were f ound at MH WM (195.9) and became less 

f urther up sl o pe ~ e.g. HHWM = 1an .1 . Trends in spherici ty values 

substant iate those of roundness. The mcs t spherical grains were 

observed o.t f•1HHN (0.510 mean), and the l east spherical above the 

active beach (0.391 mean). Alongshore the largest sphericity values 

found at HH and MHWM were di scovered at t he t wo headlands , and al so at 

MHWM adj acent t o the two l arge st reams. 

Logically, MHWM is the l evel at whi ch longshore trans port would 

be t he g reatest ~ ~nd the l ow fla tness and hi gh sphericity va lues give 

added support t o th i s view. The more rounded particles at MHWM also 

testify to a greater amount of re\h/Or king of sed"irne!"l t or abrasion at 

that level of the beach. The more spherical particles, which are 

observed at the headlands and arljacent to the r·i vers~ a.re ·indicative of 
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a higher energy envir8nment, or the source of an already altered 

sediment, i.e. fluvial debris. Evidence of longshore transport to the 

south fr-om the stream near the camp is provided by the presence of rod 

and el ongate shaped pebbles at pro f iles H and I. Sneed and Folk (1958) 

f ound that rivers tended to produce rod-like pebbles, whereas beaches 

produce d. 1 .k bbl 1sc- 1 e pe es. Since spherical grains are more susceptible 
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to traction, and flat particl es to suspension transpor~, (Krumbeitl 1942~ 

t4adel l 1934), it seems that suspension is the main agent of sorting 

across t he beach, and traction is the main agent alongshore. 

FROST TABLE DEPTHS 

The th i ckness of the active l ayer across 8 of the 10 beach 

profi l es~ C- J, was ob ta ined on August 2nd and 3rd ; the r emai ning t wo, 

A and B, were obtai ned on August lOth. By compa ring the average depths 

for each of the profil es and each of the sites measured across the 

profiles (Table 50 3)' it was found that the frost ta. b l e \vas 1 ov1est 

(52.9 em) v.t the Ber1c h Ma rk, i. e . raised beach ridge or t op of 

vegeta t ed bl uff a.nd across profile F ( 55. 1 em). Active 1 ayer depths 

on t he beach face s1ope we re greatest at MHWM (44 .3 em) and decreased 

bot h further up and down sl ope. The acti ve layer was , as usual, 

sha llowest at the seaward edge of the profiles~ with a mean depth of 

29.7 an Dei ng recorded. An examination of the mean depths for each of 

the prof ·i les a.s rl ~tJhul e indicated very un i form resu ·l ts . Prof·iles C to 

H (exc l uding F) had me an depths ra1ging from 34.8 em at C to 37.8 em at 

is rfi f f ·i cul t ~o de rermi nc the effect o+ as pect on the f rost tab 1 e 
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TABLE 5.3 

DEPTH OF ACTIVE LAYER AT BEACH SITES, HOOKER BAY 

Beach Raised Top of HHWM MHWM Edge of Mean Mean Aspect 
Prof ile Beach Active Ice or Depth Grain 

Ridge Beach HHWM MHWM ~later Size 
( ¢ ) 

A 75.0 37.0 35.0 38.0 40.0 49.5 -3.53 N 
(Aug 10) 
B 
(Aug l 0) 82.0 35.0 31.0 40.0 34.0 44.4 -2.52 N 

c 
(Aug 2) 43 .0 43 . 0 28.0 15.0 34.8 -2.70 w 

0 54.0 25.0 25.0 37.6 -3.58 s~~ 

E 43.0 33.0 35.0 39.0 21.0 35.6 -3 . 01 ssw 
F 47.0 37.0 66.0 71.0 68.0 55.1 -2.83 SS\~ 

G 
(Aug 2) 44.0 34.0 33.5 12.0 35.4 -1.94 w 
(Aug 10) 39.0 38.0 44.0 39.2 -1.94 H 

H 54.0 34.0 49.0 32.0 14.0 37.8 -1,64 \{ 

I 50.0 39.0 44.0 51.0 18.0 45.4 -3.19 WSW 

\.1 51.0 37.0 45 .0 50.0 50.0 47.9 -1.68 s 

r~e an 52.9 36.9 39 . 1 44 .3 29.7 
Depth 

Depths are in centimetres 



depths, because Gll but two profiles were south or west fpcing and 

measurements at profiles A and B, whi ch are north facing, were not 

obtained until August lOth, by which time considerable precipitation 

had occurred) altering the frost table by an average of 4 em, as is 

shown at profile G. When the mean grain size of sediment and the mean 

frost table depth for each profile were compared, there appeared to be 

little or no correlation. The greatest depths measured at profile F 

were found in a medium of -2.83¢. A detailed analysis of sediment 

grain size and the individua l depths measured at the back of the active 

beach at HHHt·1 and MHi~M showed the greatest depths to be associ a ted with 

sediment of -2 ~57¢, and t he sha·i 1 ower depths with sedi men t of -3.04 ¢. 

Howeve r, in spite.) of these results, very uniform frost table depths 

were observE":d over quite a wide ranse of sedi111ent sizes ¥ Therefore, 

the degree to which sediment size and aspect affect the frost table 

depth is :till relatively unknown, 

BEACH AND NEARSHORE ICE CONDITIONS 

The absence of an ice foot, in the nea r~s hare zone of Hooker 

Bay, contrasted greatly to the well developed ice foot previously 

observed on both Makinson Inlet, Ellesmere Island and on North Somerset 

Island. Instead, a zone of open water existed from 40 to 175 metres 

offshore along the bay, except within Graham Moore B~y and at the end 

of the peninsul as . There , the shore was lined by flat first year ice 

with a ubs t antial frac t u ~e zone wi t hin the nearshore. The sea ice wa s 

fo und to cover rnu ch of t he nar row act ive beach 9 and in several places 

t eached the ba:s€ of the l o ·~· bl uffs. fJ..s a rr:· st(lt, the spr··ing li·1elt 
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waters were transporting fine sediments onto the ice; furthermore, in 

some places, the ice had eroded the bluff, causing shore material to fall 

onto it. Ice rafting is believed to be of only minor importance 

because of the nature of the ice and coast; therefore, this material 

is deposited in t he nearshore zone where the nearshore marine processes 

redistribute it, e.g. longshore drift. 

An additional phenomena which contrasted with the other 

coastal environments visited, was the flatness of the sea ice and the 

lack of ridged ice within the fracture zone, especially in the bays and 

inlets. The more common large scale pres sure ridges of sea ice were 

observed offshore at the w~stern Pnd of the long peninsula. The ice on 

either side of the tidal shore leads was found to be recessed and, at 

high tide~ was usually fil l ed wi t h pools of water. The flatness of 

the sea ice surface within the inlets seems to be due to the protection 

of the offshore island, which prevents a long fetch of wind and 

shifting sea ice, and to the small tidal range (0.6&n) which prevents 

1 arge s ca 1 e vert i ca 1 moven1ents of ·ice. 

Despite the apparent lack of beach fast ice, a series of small, 

ice -cored, gravel ridges was disco ve red near low water mark at profil es 

D, G5 Hand I (Pl ate 26). Their characteristics \\fere i dent ical 

to the ri dges fo und at Mak inson I n l e t ~ but t heir re l ief or he i ght 

(. 25 to 4 m) v-.ra s consi derably l es s. The sea i c~; , wrd ch appeared to be 

subsequently co ,ered by gravel s , wQ s exposed at t he seaward edge of the 

larger ridge; the th ickness of surfa ce grave ls was 25- 30 c~. nn the 

much srna 1'1 er- ri dga formed f~rther ups 1 ope~ the thi c kne~ s of the c•tave ·~_. 

~,..tas 10-"1£) em. The latter r ·i dge could have been the resu .lt of ~ he 
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grounding of the sea ice which presently underlies the first gravel 

ridge. Sea ice was often observed grounded on these gravel ridges at low 

tide. Small, isolated, ice-cored mounds of sand or gravel (an~hor ice) 

were also formed in the shallows near the head of the bays. These 

mounds were of a small scale (not measured) and observable only at 

low tide. 

Ice push ridges or mounds of various sizes had been created all 

along the investigated shorelines. The push ridges found along the 

north and south shores of the peninsulas were small (0.5 m in height, 

1-4m wide), and usually occurred at HHWM. The alignment of the major 

axis of the push ridges was N or NE and S or SW respectively, on the 

north and south facing shores. In both cases, the distance of possible 

fetch was lc~~ th~~ ~ k~, b~~ ~~=:~~c of t~e size and lc:~tio~ cf th? 

ridges they would easily be removed during open water conditions. 

Small push ridges of sand were also observed at the head of some of the 

bays. At the highiy exposed end of the peninsula (south side Graham 

Moore Bay) large remnant push ridges existed. These ridges constituted, 

for the most part, the low bluff (1 m) found at the back of the active 

beach. The base of the ridges had been recently eroded, exposing 

bedrock and large boulders. The vegetation covering the upper portion 

of the ridges suggested that the ridges had existed for several years. 

With only a small number of large scale ice push ridges and an 

absence of ice pitting, the major effect of sea ice on the plan or 

profile of the beach zone is that of its mere presence and the 

prevention of a long period of open water and resultant wave action. 



EFFECT OF STREAMS ON THE NEARSHORE ICE 

The coast of south-west Bathurst Island is literally covered 

by short stream channe 1 s, ~tJhi ch drain the immediate interior of spring 

meltwater. These streams had stopped flowing by early August~ but 

during the Spring, at maximum discharge, they are believed to be a 

t remendous agent of erosion of the nearshore ice. The wide, ice free 

zone along the shores, containing numerous stream channels, is 
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evidence of this. The dried up stream channels become scars across or 

along the back of the beach face slope, and could be removed or filled 

i n on ly if sufficient wave action occurred during the late summer 

season. If this did occur, it is felt that new channels of spring melt­

water could easiiy be formed the following Spring. The largest open 

\>.fa ·-e d. r-eas 'ie te--. at t ne iH::ad of the 0ay·s Jher··e d·i scharge frum a much 

l arger river melted the surrounding sea ice. The large amount of 

sediment which is deposited in the nearshore zone, creating large 

offshore flats and providing sediment for beach development on the 

adjacent shore1ine, is an additional role. The few large rivers whi ch 

were still flowing by August were also affected by the sea; the low 

relief of the interior and the coastal zones enabled the sea to flow 

upstream on a rising tide, and flow back to the sea on a falling tide. 

The di rect results were to enlarge the discharge of the river and raise 

the l eve l of the lake further inland dur i ng high tide. Ot her effec t s 

du ring high tide we re to create brackish water and 5 on an excessively 

high tide, f ill the surrounding beach lagcons with water and slightly 

alter (deepen or widen) the main outlet charnel at the mouth. 

The overall effec t cf ~he numerous streams wa.s i·o clear the 
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adjacent nearshore areas and the small bays and inlets of ice before 

the major channels became ice free. This contrasts with the Lancaster 

Sound area because there, the ·major sea channels become ice free before 

the smaller inlets which are connected to them. 

5.6 SUMMARY 

Hooker Bay _ is situated between t wo long peninsulas 

of resistant fold rocks which are very characteristic of the ridge and 

vall ey coastal environment. These peninsulas create a coastal 

en vi ronrnent , she 1 tered from long fetch waves, within Hooke1-· Bay. 

Consequently, the pressure ridges of ice, which are common offshore of 

the l ong peninsulas, are non exis t ent in Hooker Bay; in fact, the ice 

surface is very regu l ar und nearly flat. The beach sedi ments var·ied 

from -1.0 to -3.5 P in size, and were very bladed to very platy in 

shape. The increase in sed iment size, sorting and f latness values 

upslope, and t ho decrease in roundness and spheric i ty values upsl ope 

from ~1 !1\-JM , i ndi cat~s that t he sed iment at MH\·1 ~1 is subj ec tE~ d t o t he 

most reworki ng. The smal l tidal range (0.68 m) , when considered wi th 

the sediment character istics, suggests that longs hore transpor t al so 

may be greatest at MHWM . From t he sedinent c hara cte rist i c s ~ i t i s 

hypot hesized tha t t here are two source areas fo r ~edimen t ~ the ends of 

the h -=~a cn a n' and the l arger streams . The gener·al ly poor sottin9 of the 

beach sedirm~ nts reflects the "encl osed 1
' nature of the sec. ·ice cover and 

t he lack of ~a ve action. Ba sed on the ice observations avai l ablei 

Hooker Ba.y is usL~a·lly ice free for an a 'et'"'ag e of 25 days: but can be 



155 

ice free for as long as 46 days, or less than 14. 

Narrow 5 steep slopes (18 - 19%) characterize the active 

beaches near the end of the headlands, while much wider (11 - 12m) 

and more gently sloping 8 - 10%) active beaches are found at the head 

of the bays. Frost table depths varied from 34 to 55 em along the 

shoreline of Hooker Bay, and were observed to be de2pest at the non­

active beach (52.9 em). On the active beach, the shallowest depths 

were found at the water's edge (29.7 em) and dee pest to MHWM (44.3 em). 

There was little or no fast ice within Hooker Bay, because of 

the nmoat 11 of open water which fringed the entire shoreline. The 

numerous small streams and fewer large streams were the prime factors 

in the mclt·ing of the nearshore ice. Ice ... cored ridges were observed 

near- U~f·i c.t pr of ·j ·I e::; f and G. -, hese ridges \vere sma 11 er in seale, 

{.4 m beachsidc), than those found at Makinson Inlet, but were covered 

by a similar depth of sediment 10 '- 30 em. In add·ition, small mounds 

of ice were observed at low tide on th e offshore fl ats, near the head 

of the bays. It is not known if the ice has recently formed and just 

covered some boulders, or is multiyear ice which has increased in 

thickness over a period of time from the bottom of the bay. Ice push 

r·idges , consisti r.g ei t her of sand or gravel, were common at HHWM 

t hro ughout Hooker Bay . However , t heir locat i on and small scal e 

( 1 - 4 m wi de) ma'·es t hem vu lnerabl e to any substant i al wave acti on 

tha t mi ght occur. The greatest effect 1hi ch the sea i ce has had on 

the beach p ~file and coastal proces ses i n Hooker Bay is its mere 

presenc:~ over m•.: ch of the year. 
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DIFFERENCES IN DESIGNATED COASTAL ENVIRONMENTS 
USING FIELD OBSERVATIONS 

6.1 INTRODUCTION 

In Chapter 11, twelve coastal regions for the Arctic Archipelago 

were defined, using morphology, tidal range and length of open water 

season as criteria for subdivision. It is appropriate now to summarize 

t he information collected in the field, in 1972, to determine if further 

differences occur between each of the designated coastal environments. 

By considering the infonnation on beach profile and beach sediments, it is 

possible to assess the differences in the magnitude of marine processes 

occur r·i ng behveen each of the study areas. A 1 so, cons i del'ati on of the 

charact eristics of fast ice at each of the beaches examined allows a 

better understanding to be reached of where and how the various types of 

fast i cc form. 

6.2 BEACH PROFILE 

A major cha racteristic of the beaches within the Arctic Archipel -

ago is the stee p beach face slope whic h was evi dQnt at each of the five 

beaches examh!ed . The mea r. beach slope of a 11 the profi 1 es s utveyed wa s 

14% 5 rtn d is rep resentativr::; of beach cond·iti on::: of the previous fal l , since 

wave action had no t yet beg un for 1972. The mean beach slo pe for each of 

the be~ che s var i ed from 13.0% at Hoo ker Bay , t o 17.1% at Radstock Bay . 

Th\:: steep na t ure of the beach i s a reflec Lion of the shor·t open \vate r 

per iod, the resultant l ack of constructive l ong per i od waves and the 

.... r·· r 

I :)(J 
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coarse beach material. Situation is also an important factor of beach 

profile because at the headlands, where the greatest wave energy is 

expended, the beach slope is quite steep and usually backed by a low, 

steep, raised beach bluff. In the embayments, on the other hand, a lower 

backshore morphology is found, and the beach slope is more gradual. For 

example, at Hooker Bay, Bathurst Island, the headland beach slopes were 

18% and 19%, while only 8% to 10% slopes were observed on the bayhead 

beaches. 

In terms of distinguishing the different coastal environments 

based on beach pr-ofile)only, general comments can be made, since the 

beach profile is dynamic and the 1972 profiles represent only one period 

of time. The best developed beaches, in relation to temperate beaches, 

were those at ~clip e Snunrl ""here thP benr.h wr~. s wide ~ had ~ flat bc.ck­

shore and a gradual sloping foreshore (figure 3.22). The beach profile 

at Radstock Bay and north Somerset Island was characterized by a steep, 

step-li ke profile containing numerous beach ridges and was usually backed 

by a low~ steep, raised beach bluff. The Radstock Bay beach was 

pa rti cu l arly characterized by a prominent high tide ridge, a function of 

storm conditions the previous fall, but at north Somerset Island, many 

large ice push ridges and large pittings were fou nd above HHWM, which 

indica te a higher energy coast or one subject to considerable ice and 

storm wave ncti~i ty . The higher energy beach environments observed at 

Eclipse Sound and north Somerset Island are a function of the long open 

wa t er period of 60 to 67 days. The beach profile of the so utheast shore 

of Swin ne r-ton Pen·insula~ Makinson In.iet!> res c=mb les the prof-ile fot md at 

Ra dstock ~ay and north Some rset Island, but the shores of 'B lack Band 
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Valley•, Makinson Inlet, which are backed by lagoons, resemble the beach 

characteristics found at Hooker Bay. A very low relief and generally 

gradua l foreshore slope backed by lagoons or, in some cases, a low bluff, 

represent the beach conditions at Hooker Bay. Many small ice push ridges 

were al so present in the intertidal zone; however, because of their 

location, these ridges represent lower energy processes and will be 

vulnerable to future wave activity. 

The lagoons observed at Hooker Bay and Makinson Inlet were 

genera r ly found adj acent to stream outlets and ~:Jere usually dried up by 

late summer . The lagoons only contained an appreciable amount of water 

when the tide level was very high, or during excessive stream discharge. 

The lagoon bed consisted of very fine sediments and mucks and had a very 

uet!p (ro t r. o.b l e. 

The steep beach slope distinguishes t he ?rctic beaches from many 

t emperate beaches, and the minor differences in profile between the 

various beaches witt1in the Arctic help to distinguish the different 

coastal environments, and to some deg r ee r eveal t he magnitude of the 

processes at each. 

6.3 BEACH SEDI MEN T 

An exami nat ion 0f the beach pebbl es f rom each of t he beac hes 

visited re veal si m il ~ r trends in s ize, sort i ng, shape and roundness, but 

di fferences in abso1ute value ( tab l e 6.1 ) . The ty pe of rock fr om wh i ch the 

bea ch sediments ori qinate i s t he determ:n i na f actor of the sedi ment shaoe 
w .;.J I 

and s i;:e ~ because it affects the pebbles' r·es is tance t o abras i on by 

1·!ttora1 ·p ror:\'? s s es. The be21ci·1 :;c~diments samp l ed ftom Rad::;tock Bay , north 
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TABLE 6.1 

BEACH SEDIMENT CHARACTERISTICS 

1) Sed iment Grain Size (J!I) 

Locati on Total No. Raised Beach 
of Samples 

N. Somerset 22 -3.95 

Ra.dstock Bay 12 

Makinson Inlet 11 -3.64 

Eclipse Sound 12 
Hooker Bay 24 ~2.57 

2) Degree of Sorting 
Locati on Total No. Raised HHWI1 

of Samples Beach 
N. Somerset 22 1 . 03 0.86 

Radstock Bay 12 1. 01 

Makinson Inlet 11 1.29 0.98 

Eclipse Sound No o~ta 
Hooker Bay 24 1. 65 l. 42 

3) Sediment Grain Shape (Sneed and Folk) 
Location Total No. Raised Beach 

of Samples 
N. Somerset 22 Very bladed 

Radstock Buy No data 
~1a.k·i!ISOn Inlet 11 Very b"l adod 

Eclipse Sound No data 
Hool--er Bay 24 Very bladed 

to very platy 

HHW~1 MHWM Bedrock 

-3.96 -3.57 Limestone 

-4.08 -3.96 Limestone 

-3.25 -3.69 Limestone 

0.00 -0.25 Shield rocks 

-3.04 -2.54 Limestone 
Sandstone 

MHWM Mean Length of 
Open Water Season 

0.90 fl8 

0.88 44 
0.97 32 

60 
l. ']8 25 

~1HHM 

Bladed-·plnty Bladed 

Bladed Bladed 

VeY'Y bladed Very bladed 
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4) Sediment Flatness Ratio (Cailleux) 

Location Total No. Raised Beach HHWM MHWM Bedrock 
of Samples 

N. Somerset 22 317.56 273.16 251.42 Limestone 

Radstock Bay No data Limestone 
r~aki nson Inlet 11 374.i1 302.29 253.44 
Eclipse Sound No data Shield rocks 
Hooker Bay 24 574.49 505.05 373.16 Limestone 

Sandstone 

5) Sediment Sphericity (Sneed and Folk) 

Location Total No. Raised Beach HHvJM ~lHWM 
of Samples 

N. Somerset 22 0.530 0.570 0.600 
Radstock Bay No data 

rVia kin son In 1 e t 11 0.500 0.558 0.598 
Eclipse Sound 12 0.665 0.684 

Hooker Bay 24 0. 391 0.407 0.510 

6) Sediment Roundness (Cailleux) 
Location Total No. Raised Beach HHWM t~HHM 

of Samples 
N. Somerset 15 194.88 200.87 201.56 
Radstock 8ay 12 14·3. 20 150.00 
~1ak i nson Inlet 11 "159. 30 186.24 214.53 

Ec·l ipse Sound 12 383. 37' 302.91 
Hooke r Bay 4 180.18 195.93 
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Somerset Island, Makinson Inlet and Hooker Bay were predominantly lime­

stone ; however, some sandstone pebbles may have been measured at Hocker 

Bay. Quartz sand and pebbles from shield rocks constitute the beach 

sediment found at Eclipse Sound-Pond Inlet, hence a meaningful comparison 

of sediment characteristics cannot be made between Eclipse Sound and the 

sediment from the other four beaches. 

Mean grain size, which is a function rock type and the distance 

the sediment has travelled from its source, was finest at Eclipse Sound 

{0.0 ¢) and coarsest at Radstock Bay where the mean size was -4.02~. 

A bivariate plot of mean grain size versus the degree of sorting reveals 

t he similarity between the sediment of Radstock Bay and north Somerset 

Island, and the difference between them and the other beaches (Fig ure 6 .1). 

The degree of sorting and t he roundness of the beach material 

provide an indirect measure of wave energy which is a function of the 

length of open water season. The degree of sorting varies from moderately 

\'/e 11 sorted sediment on north Somerset Is 1 and, to very poor 1 y sorted 

sedi ~ents at Hooker Bay (Table 6.1). The mean value of sorting for all 

of. the samples collected is 1.11 ¢which, using the Folk and Ward (1957) 

sorting paramet ers , indicates poorly sorted sedi ment. This low degree of 

sorting is a functi on of the short ice free season fo~nd in the Arctic. 

The mean open \·late r s2ason for- the f·l ve beaches is only 46 days, b~t has 

a max·imum illean l ength of 68 days off nur th SomersE.t Island a.nd a m·i nimum 

mean length of 25 days at Hooker Bay . A si mp le linear regress ion of 

sorti ng val u~s against mean open wat er season, at each locat ion resulted 

in a corr ~lation coef fi ci ent of -0. 76. with a standard errcr of estima :~ 

of 0. ·10 (Fi gurr. 6.2 ). A ~Jraph o··:-- op~n v.rater jA:: r-·i od aga·inst mec.n sort ·ng 
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of beach sediments revealed that when the period of open water became 

less than 30 days the degree of sorting dropped rapidly (Figure 6. 2). 

D. R. Horn (1967) working in the Sverdrup I~lands which never have an ice 

free season, and C.A.M. King (1969) working on the southeast coast of 
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Baffin Island which has a very long season of open water, provide 

additional evidence for the good correlation between length of open water 

season and the degree of sediment sorting. In the first case, extremely 

poor sorting values of 2.381 were observed, whereas on east Baffin Island~ 

well sorted ( 0. 39 ¢ ) beach sediment was found. A very low corre 1 at ion \'!as 

found between the roundness of the beach sediments and the length of open 

water season. This is because relatively similat· values of roundness, 

e.g. 188.1 to 201.2, were found for the beach sediments of north Somerset 

Island~ Hooker Bay and Makinson Inlet, and the most angular pebbles 

occurred at Radstock Bay. Sphericity 1 like sorting , showed a strong 

relationship t o the length of open wate r season, i.e .. 073 correlation. 

The most spherical pebbles came from north Somerset Island (excluding 

Ec "l ipse Sound) and the 1 east spheri ca: from Hooker Bay. 

The beach sediments co~lected along Eclipse Sound were found to be 

cons i der-a.b ly rounder and more s pheri co.l than the sediment sarnp 1 ed fr-om the 

other beaches. This could be a result of the finer sediment which is 

present at Ec 1 ipse Sound and/ or the fact that quartz grains genera ll ,Y 

exhibit hig~er sphericity values than limestone (Folk 1965). King (1 969) 

~-i:o r2pcr ted rnuch rounder be~ch sed..!mcnts on Baffin Isl a. nd. For· exa111p l e 5 

a mean roundness val u~ of 591 was found for the sedi mP nts of e2.st Baf f i n 

Island, but a roun d nt~ ss ·1alue of ot.·ly 295 was obsc-~rved for the west co1st 

sed ·j rnen ts . and the sedi ment 
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sampled from Eclipse Sound in the present study, were sand size of -1.5¢ 

to +1.76 ¢. 

Very bladed to bladed pebbles predominated at each of the beaches 

sampled; however, some spherical elongated and platy shaped pebbles were 

observed, especially in the lower intertidal zone. The Cailleux (1947) 

flatness values were highest for the beach pebbles of Hooker Bay , and 

least on north Somerset Island. 

The low sorting, sphericity and roundness values of the sedi ment 

from the beaches sampled~ in relation to values for temperate beach 

sediment s, indicate that the beaches of the nort hern Arctic Archipel ago 

are characterized by low energy wave conditions (Table 6.1). Isostatic 

recovery in arctic regions has affected the resulting sediment charact er ­

istics because the rate of recovery determines the length of +ime the 

beach materi al is subject to wave action. The fact that the mid-lati tude 

beach sedi me nts have been in the beach zone for a long ti me, and that 

processes operate nearly year round, inhi bit a comparison with arctic 

beaches (Vi ng 1969). Ne verthe i ess~ a f ew examp les of shape values for 

temperate beaches of si mi lar sedi me nt have been included in Table 6.2. 

From the previo us sta t eme~ts on sed i me nt char acterist i cs, it can 

be concluded t hat the various coasta l en viro nments, based on the l ength of 

open water season) can be dis ti ngui shed , but environmen t s of differen t 

ti dal ro ng(~ or motpho l ogy cannot be identified usi ng only sed i me nt shape 

and s ize . 

Moore (1966) and Owen s (1969 ) have both concl uded that l it toral 

processes s i rni l a r to those f ound in temperate 1 at i t udes can be found ·i n 

the hrc:t·ic,. but cf a. different m0.gnitude. The sediment characte ris t i·~s 

found in the presEr:t study reinforce that conclusion. Changes in grain 



Source 

Present 
study 

-'-

Cailleux 
(1 948 ) 

Van Andel 
et al (1954) 

Present 
study 

Bryant 
(1972) 

TABLE 6.2 

COMPARISON OF SEDIMENT SHAPES ON ARCTIC AND NON-ARCTIC BEACHES 

Location Rock Type Environment No. of 

Nort h Limestone Arctic - 22 
Somerset sheltered 

Hooker Bay, Limestone 
Bathurst Island sandstone 

Arctic - 24 

f•1edi terranean 
Sea 

Limestone 

enclosed 

Mid­
latitude 

Netherlands Limestone- Mid­
crystalline latitude 

Eclipse Sound, Quartz sand Arctic -
BaffiJ Island grains sheltered 

New Brunswick Quartz sand ~id-
grains latitude 

11 

12 

16 
sets 

Rd. 

201 . 21 
(mean) 

188.05 
(mean) 

320. to 
510. 

Sph. 

0.585 

0.458 

200. to 0.678 to 
330. 0.747 

343.14 0.674 
(mean) 

0.755 
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size, sorting and roundness alongshore indicate longshore transport, 

while the trends in sediment sorti.ng and pebble shape across the beach 

indicate selective sediment transport by wave action (McCann and Owens 

1969). Flatness values were .observed to increase upslope, whereas 

sphericity sorting and roundness decreased upslope on all five beaches. 

Sediment size, although usually decreasing downslope, was also found to 

increase upslope at certain locations. These trends are a function of the 

effectiveness of the wave action and the length of time a particular 

portion of the beach is subject to wave action. 

The probable direction of the longshore transport of sediment and 

the sources of sediment can be determiried for the coastlines of each of 

the study areas, based on the sediment analysis and supplemental infor­

mation gained from aerial photographs. 

The primary source of the finer sediments found in the bea.ch zone 

originate from the large streams or from areas containing numerous 

smaller streams. Plateau slopes which have an absence of a protective 

beach at their base or headlands of low bluffs tend to be areas of erosion 

hence, sources of sediment. Coarse lag deposits were usually found on the 

narrow beaches of the headlands e.g. Eclipse Sound and Hooker Bay, but 

much finer gravels or sands were observed on the wide bayhead beaches. 

Longshore movement of sediment could very easily change in direction f rom 

year to year, based on wind and wave conditions; however, the directions 

indicated on Figures 6.3-6.5 show the dominant direction of sediment 

movement based on features interpreted using aerial photography. 

6.4 FAST ICE AND AS~OCIATED FEATURES 

Fast ice is comrnon to both po 1 ar coas ts and some temperate coa:; t s 
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in the winter, but only to the former in the summer months. Fast ice is 

defined as: 
'sea ice which forms and remains fast along the 
coast ... may be formed in situ from sea water or 
by freezing of pack ice of any age to the shore. 
It may extend a few feet or several hundred 
kilometres from the coast. Vertical fluctuations 
may be observed during changes in sea level.' 
(Manice 1969, p.4). 
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It is the presence of this fast ice, particularly the icefoot, in polar 

regions which inhibits wave action and helps create the low energy beach 

characteristics revealed in the sediment analysis and beach profiles. 

Wright and Priestly (1922) and Joyce (1950) have suggested that there are 

as many as ten varieties of icefoot. Of those described, the "tidal 

platform" and the "storm11 icefoot formed between high and low tide levels 

and above mean high tide, respectively, are the most common along the 

eastern Arctic coasts. The icefoot is best developed along coasts with a 

mesotidal range or greater. For example, a well developed icefoot was 

observed at each of the study beaches except Hooker Bay, Bathurst Island 

(Table 6.3). It usually occurred along steep gravel beaches, but in the 

case of Eclipse Sound it was attached to a rock coast (P1ate 22). In 

macrotidal regions, the icefoot generally contains little sediment 

because of the ice cover which is also formed, at low tide, on the lower 

beach slope. Along coasts with microtidal ranges: the icefoot is absent 

or poorly developed and ~as large quantities of sand and gravel incor-

porated in it. The term 'Kaimoo' has been given by Moore (1966) to these 

less developed gravel-sand-ice features, and McCann and Car1isle (1972) 

have suggested that the term be restricted to microtidal regions. The 

narrow intertidal zone restricts the development of the icefoot, except 



Location 

Radstock 
. Bay (1970) 

f'ia.ki nson 
In 'Jet (1972) 

North 
Somerset 
Island ("1972) 

*Eclipse Sound-
Pond Inlet (1972) 

Hooker· Bay 

Mean 
Tid a 1 
Range 

1. 74 

2.46 

1.28 

1. 50 

* Measured in late August 

TABLE 6.3 

ICE FOOT DIMENSIONS 

(in metres) 

Width of 
Icefoot 

16.2 

15.0 

15.0 

2.5 

Thickness 
of Icefoot 

2.0 

2.5 

2.2 

1. 0 
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Ice-cored Gravel 
Ridge 

(thickness) 

0.47 

0.18 to 1.29 

None present 

0.25 to 0.40 



in storm wave conditions, consequently it is easily eroded by spring 

meltwaters, especially if the coast is lined by numerous stream outlets, 

as is the case in the Arctic Coastal Plain. 

At three of the beaches visited in 1972, a fast ice ridge which 

was covered by a layer of gravels 0.10 to 0.30 m thick, was observed in 
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the intertidal zone just above LWM. This ridge of ice was not continuous 

along the coast and was best developed in sheltered embayments and 

normally adjace~t to one or more stream outlets. The streams, however, 

are not a prerequ i site for the formation of the ridge. The shape of the 

ice ridge was similar to the icefoot with a steep seaward side and a more 

gradual slop i ng landward side, but its position on the beach slope 

differentiates it from the icefoot. 

Two varieties of the fast ice ridge or ice-cored gravel ridge 

could be dist i ng ui shed at Makinson Inlet, Ellesmere Island. The first, 

observed in 'Tern Cove', covered most of the inte rtidal zone and is 

believed to be an icefoot covered by a thick layer, 0.3 m~ of beach 

gravels. Ice-co red gravel r i dges were also f ound just offshore , on the 

other side of ' Tern Cove '; however, these were the vertically displaced 

ice of t he fracture zone wh ich had been covered by gravels either from 

t he nearby st reams or from the bottom of the cove ( F·i gure 3. 13 ~ Profi 1 e B). 

The l ayers of sediment present in t hese ridges indicate a multi -year 

featu re . 

The second t.ype of ridge 1.1as found on the nor t h shore of 

Swinnerton Peninsula, Makinson Inl et! where a r i dge of 0. 18 to 1. 29 min 

he·i ght occurred just above LWM (Pl ate 27) . A s imi 1 ar but 1 ess we 11 

develope1 ice ridge was observed at Eclipse Sound~ Hooker Bay and 
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Radstock Bay. Multiple ice ridges were observed at Makinson Inlet and 

Hooker Bay, but in the first area the smaller ridge was on · the seaward 

side of the larger ridge, but in the latter area the smaller ridge was on 

t he landward side. The size of the ice ridge at Hooker Bay varied from 

0.25 t o 0.40 m. A similar ice ridge, 0.47 m high, was also observed at 

LWM, along parts of Radstock Bay. 

These ice ridges are a protective barrier for most of the beach 

slope against sea ice scour, except at high tide when smaller pieces of 

i ce can float over the ridge and strike the upper beach slope. 

Joyce (1950) and Kirk (1965-66) have both referred to the presence 

of bottom ice in the Antarctic at or below LWM. They believe that the 

ice is formed from sp·icular crystals which , in time, create a layer of i ce 

in shallow wat ers, ext ending only some yards below LWM. The ice-cored 

. gravel ridge observed at LWM, during the present research, is hypothesized 

to have formed in one of two ways. During the fall freeze - up, a layer of 

ice is usua "lly formed on the beach s 1 ope, but an addition a 1 core of ice 

e .g. anchor ice, could be creat ed at the base of the intertidal zone over 

one or more seasons. Gravels are washed up onto the ice ridge by regul ar 

wave action, or may ori ginat e f rom nearby streams during maximum discharg e ~ 

i n the spring. Erosion of the fa st i ce ridge would probably occur dur ing 

st orm wa ve conditi ons , or i f tbe cover of gr ave ·1 s was not suffic ient to 

protect the ri dge from solar radi at ion or regu l ar wave ac tion . 

Al tern at ·i ve·!y > the fa st ice r i .l ge cou l d be ·J. remn ant i cefoot or a smc.ll 

scale ice fo ~)t created du r i nq un fc~ vo ~~rab le conditi ons . In the spr ·i ng ~ ma l t·· 

waters f rorn t he ne~rby st r e&ms or' ice r aft ed sed iments are depos ·ited on 

t he ice core. The l atte r may h ~ve been t he case at Radstock Bay in 1972, 



when a well developed icefoot was absent and the fast ice ridge was 

observed for t he first time in three years. 

The ice-cored ridge was found on beaches with either micro 

or mesotidal conditions; however, the largest ridges were observed at 

Makinson Inlet and the smallest at Hooker Bay, which had a 2.46 m and 

0.68 m tidal range, respectively. 

Beach Features Created by Sea Ice 
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Ice pitted beaches and beaches with marine ice-pushed mounds are 

characteristic of po l ar areas (Nichols 1961). In the northern arc t ic 

islands, the pitted beaches are primarily the result of the differen t i al 

melti ng of large and small pieces of sea ice which have been thrown up on 

shore during storms and later bur ·ied by gravels also thrmvn up on shore 

by the storm waves. The only beaches wi t h v.,fe 11 deve i oped zones of 

pitti ng were on Radstock Bey and north Some rset Island; however, in the 

latter area much larger pits of 3.09 m in diameter and 0.63 m i n depth 

\-Jere fou nd. 

Ice push ridges were observed at each of the study areas except 

Makinson Inlet, but only on north So:nerset Island and Rads t ock Bay we re 

there ; arge re 1 i ct push ridges abo ve HHt~M. The ridges found at Hoo ker 

Bay and Ec l i pse Sc und-Pcnd Inlet Jete below HH\rJM, and vmu.l d be vulner­

able t o la te r wave act ion. The la rge i ce pus h f eatures and beach pittings 

fo und on north Somerset Isl and and west Radstock Bay indi cate higher 

energy wave condit ions and a gr·eater frequen cy of storms. The small 

~ea tures at the other beaches) on the other hand, indicate a lower energy 

wa ve environm-::nt, or· a co,~1. st not subj2ct to massive ice movements ) as is 

reported fo~ the Co6stal Plain. 



6.5 SUMMARY 

The arctic beach profile is characterized by a steep foreshore 

slope which is a function of the short open water season and the coarse 

beach sedi ment. Suffic i ent differences can be observed in the beach 

profi l es surveyed at each of the study areas to make a distinction 

between the different coastal environments. For example, the north 

Somerset and Radstock Bay beaches are characterized by a steep step­

l ike profile, whereas the beaches on Eclipse Sound-Pond Inlet are wide 

and f l at with a more gradual foreshore slope. 

The differences between the designated coastal environments and 

t he s i milarity between Radstock Bay and nor·th Somerset Island are 
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evident when using a bivariat e plot of mea11 grain size against the deg ree 

ot sediment sorting. Signi f icant co r re l ations , -.76 and .73, be tween both 

sediment sorting and sediment sphericity, respectively, and the length of 

open 1,-Jater season , emphas i ze the coas t a 1 regions ~-J h ·i ch have been def·i ned 

by us ing the length of open water season. In addition, the trends in 

sedi me nt si ze and shape reveal the direction of longshore sediment 

movemen t. 

The t idal coas t al di vis ions (Chapter ll) can be identi f i ed by 

examin ing the di f ferences in i cefoot deve l opment along a beach. The 

t hi ckness i s direct ly re l ated t o tidal range; for example, a wel l developed 

icefoo t is res t r icted to meso and wacrot i dal regi ons 5 whereas t he less 

devel opt::d kcdrr.oo i s restr·lcted to microtida·l regions . 

!n 1972, an ice- cored gravel ridge was observed near LWM at all 

of the s t udy are2 s except nor·th Snm2rset Island. The ridge of i ce appears 

to be a s~a11 scale icefoot formed in unfavourable conditions or, possibly 9 

an accumu lation of anchcr i ce over several se2sons . 



The number and size of the ice push mounds, and extent of 

pitting on a shoreline are a rough indicator of the magnitude of 

storm wave activity which can occur on that particular beach. The 

largest features were observed on the north Somerset shoreline - the 

smallest at Hooker Bay, Bathurst Island. In . the former area, the 

presence of mobile pack ice from Wellington Channel, and the exposed 

nature of the Somerset coastline, create favourable conditions for 

the for·mation of ice push mounds and beach pitting. On the other 

hand , the almost solid cov~r of sea ice offshore, and the protected 

shoreline of Hooker Bay, prohibit any large scale storm wave activity 

from reaching that beach. 
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CHAPTER Vll 

CONCLUSION 



CONCLUSION 

Using secondary source information, the coasts of the Canadian 

Arctic Archipelago have been effectively divided into five morphological 

divisions, three tidal zones, and four regions based on the length of 

open water season. The five morphological regions comprise the basic 

coastal environments. The suggested coastal regions give order to the 

wi de variations in coastal characteristics found in the Arctic, and 

provide a usefu1 base from which future coastal research in the Arctic 

can begin. 

The use of secondary sources to obtain information on coastal 

types has revea.l ed the adequacy of panchromatic.: aeri a 1 photography in 

analysing general coastal characteristics, and also the lack of nearshore 

bathymetry ·in the Arctic and the 1 imitations of the sea. ice observations 

in coastal research. Unti.l recently, the primary purpose of collecting 

informat·ion on sea ice cover ho.s been for the shipping activity during 

the summer months. Consequently, the sea ice data presently available is 

not really suitable for the coastal researcher because of the general 

lack of nea1·shore observations. Nevertheless, an examination of the ice 

cover data over a period of several years allows one to make generaliz­

at i ons about the characteristics of sea ice break-up and the types of ice 

usu~ lly present. In addition, using carefully selected criteri a , the 

length of open water season or the period in wh ich effective wave 

act i 'ri :~y occurs can be det ermined. By s um11a "i zing the sea ice data a.nd 

deli rnit·ing the open \AJater season, in a similar \f\ray to that rJsed i n the 
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present research, the researcher is able· to make a good assessment of 

the possibility of long fetch waves reaching a particular beach. 
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The detailed field investigations, at seclected locations within 

the different coastal environments, provides additional evidence of the 

di f ferences that can be found within the Arctic, both in terms of the 

magnitude of the processes and of the beach and nearshore characteristics. 

The trends in the size and sorting of the beach sediment provide a good 

indicati on of the length of open water season and amount of wave activity. 

The beach profiles and the presence or absence of beach features created 

by sea ice movement also provide useful comparisons between coastal areas. 

The individual studies of Makinson Inlet, Hooker Bay and north Somerset 

Island, presented in this thesis, provide the first and only substantial 

<iucumerrLation Ol coasta -l characteristics of, and processes in, those 

areas. Previously, just a short note on coastal conditions there had been 

written by geologists (Fortier et al 1963): Each segment of the infor­

mation collected is vital in planning the construction of marine facilities 

or pipelines. Continuing research at Radstock Bay has provided a longer 

term monitoring of beach profile change, and has shown that open water 

conditions do not exist every year in the bay. 

Field investigations over a short period, at five locations within 

the archipelago, indicate that the basic annual sequence of events 

suggested in Chapter 1 is correct. Slight modifications, however, must be 

made for each beach bscause of differences in t ida 1 ra_nge, 1 ength of open 

water season, overall coastal morphology, and number of stream outlets 

alon9 the coast. 

It has been mentioned that co~siderable attention is now focussed 



on means of transporting the natural resources of the Arctic to southern 

market s. Although none of the beaches studied in detail may become the 

site of a new marine terminal or be part of the transmission 11 Corridor .. , 

the research should provide a good base for future coastal studies. In 

addit i on~ the observations recorded in this thesis will add to the 

meagre knowledge of the nearshore and beach processes occurring in the 

Canadi an Arctic Archipelago. 

It is recommended that future research deal with the nearshore 

zone, below LWM, in more detail than the present study, so that beach 

changes and characteristics may be better explained. Further research 

should be conducted at an appropriate location in the Arctic Coastal 

Plain , in order to allow the actual documentation of the effects of sea 

ice movements and stream activity, which is indicated in previous 
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accounts (Stefansson 1917) to be so important in that coastal environment. 
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APPENDIX A 

THE COMPILATION OF COASTAL LANDFORM MAPS 

A division of the northern arctic islands into coastal environments 

was initiated by compiling a series of maps on the coastal landforms 

which constitute the physical framework of the coasts. 

Extensive use of available aerial photography kept at the National 

Air Photo Library in Ottawa, and general navigational publications such as 

Arctic Pilot, Vols. 1 and 11, and Arctic Canada· From the Air by Dunbar and 

Greenaway (1957), provided information on the coastal landforms of each 

island. Additional information was acquired from recent government 

publications, i.e. Geological Survey of C~nada Memoirs, university theses 

e.g. A. Taylor (1956), and the topographic maps at 1:250 5 000 scale. 

Suggestions for the use of symbols in the finished maps were gained from 

other authors, e.g. Bird (1967) and McGill (1958), who have made similar 

maps of coastal landforms. 

The symbo 1 s shown on Canadian hydrogr·aphi c charts and topographic 

maps were used, \1he re possible, and only a few new symbols were required. 

The landforms depicted on the maps represent the characteri stic features 

found wit~in 0.·8 km (0.5 miles) of the wate}·line. With regard to coasta l 

areas on which littl e or no information was avai lable, the map was left 

bl~nk. A more detailed map of coastal landforms is provided for each of 

the coastal locat ·ions visited in the 1972 field season (Chapters l'l'l, lV s 

V). These maps were based primarily on informati on gained from aerial 
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photography and field observations. 

Limitations due to scale are present, but the maps do provide an 

inventory of coastal features which fringe the arctic islands. Parent 

rock types and relief determine the texture and composition of the beach 

sediment of the far northern islands (Horn 1967); consequently, the maps 

can provide a general insight into the nearshore characteristics which 

could be expected in any particular area. The maps also provide a useful 

starting point in the search for possible landing beaches which could be 

used by scientific parties or for future economic development. 
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APPENDIX B 

A STUDY OF ARCTIC COASTAL ENVIRONMENTS 
USING AERIAL PHOTOGRAPHY 
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Aerial photographs were used extensively in completing an invent­

ory of coastal landforms for the arctic islan.ds. An evaluation of their 

use in the identification of coastal features and processes was then 

possible. 

INTERPRETATION 

The coasts of the arctic islands usually consist of steep 

mountain or plateau slopes with very little beach, or a narrow active 

beach ba~.:ked by a series of raised beach terraces. These terraces are 

observed as alternating light and dark lines, a result of the greater 

moisture and vegetation cover found between the beach ridges. The raised 

beaches can be di~tinguished from the active beach by the darker tone of 

the l atter. The older higher raised beaches, however, do sometimes have a 

simi l ar tone to the active beach. The type of beach sediment on the 

active beach is more difficult to distinguish, but usually gravels have a 

darker tone than sands because of the better light reflection capabilities 

of sand. Solifluction lobes and patterned ground on the r~ised beaches, 

also ice-push ridges and pittings on, or just above the active beach, are 

addi t ional features that can be observed. The lobes are identified by 

thei r streaked appearance, the patterned ground by a regular network of 

circl es or lines, and differential relief alloriS an identification of the 

push ridges and pittings. The tidal phase at the time of photographing 

can be approximated by the pres2nce of a high tide ridge on the active 
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beach slope and its distance from the water's edge. 

The monitoring of coastal processes in the arctic is severely 

limited because of the lack of sequential photography and the presence of 

sea i ce on the beach and nearshore. Truncated coastal features on the 

photos indicate fluvial or marine erosion, but accretion is revealed by 

accumulation forms such as spits or well-~eveloped beaches. The 

direction of longshore sediment movement can be determined by examining 

the distal end of the spits. 

Different tones on the photos help to distinguish between offshore 

zones and the presence of ice scour which produces a hummocky topography 

and is identified by light-toned markings on the sea floor. Any movement 

of sea ice, between exposures, results in a relief displacement of the 

water surface, which can be used to detect water moveme~t, e.g. currents. 

The direction of currents can be approximated by con touring the \vater 

surface, but the current velocity cannot be calculated because the 

principal and conjugate principal points occur on a moving water surface. 

Air photos provide a good plan view of the coasts and when the 

p~otos are · used along with an electronic map digitizer, it is possible to 

compare a particular shoreline to an appropriate geometric form. Yasso 

( 1965) found that tt1e logarithmic spiral approximates the plan shape of 

headland beaches. A nth order regression analysis was applied to the 

shore l ine between Walrus Point and Cape Ricketts on Devon Island. The 

curve whi ch best fitted this shoreline was when n~3; accretion and 

erosion were indicated on the curve by positive and negative residuals. 

Much more research is needed to test whether or not the qtAadratic function 



is the best fit curve for arctic headland beaches, but the method does 

provide an interesting study. 

USE OF FILM TYPES 
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Aerial photography, using four types of film, was flown at 

Resol ute Bay, N.W.T. and vicinity in 1971 (Howarth 1972), which allowed 

an assessment of the use of each type of film in studying coastal 

features. Unfortunately, the assessment is limited to the detection of 

terrestrial features because of the presence of fast ice. Raised beaches 

were easily identified on all films, but when the ridges became less 

disti nct or more closely spaced, their detection was difficult when 

using colour infrared film. Colour infrared and colour film were best 

when distinguish i ng between water and vegetation or the raised beach 

l ines . The distinction between sea ice and water was possible using any 

of the films, but when distinguishing between puddling on the sea and 

polynas, which had a much darker t one than the puddles, colour and colour 

i nfrared films were best. 

Colour film was the most useful; however, since panchromatic 

f ilm was found to be the second most usr.ful, the advantages of the fo rmer 

may not outweigh its extra. cost. The only real advantage of black and 

white infra red and colour infrared films was a better ident ification of 

t he \·Jater1 i ne. 



APPENDIX ·C 

GRAIN SHAPE ANALYSIS 

METHOD OF FIELD MEASUREMENTS 
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Each of the parameters used in the present study to describe grain 

shape and roundness was chosen so that a minimum number of measures were 

required. The principal parameters used were: the Cailleux flatness and 

roundness ratios, the Sneed and Folk sphericity and shape index, the 

Riley projection sphericity, and the Zingg shape index. 

A total of 25 grains of between 4 and 64 mm were chosen from each 

of the samples used in the size distribution analysis. An exception was 

the beach sediment from Pond Inlet which measured only 0.5 to 4 mm, and 

was not analyzed in the field, but rather in the laboratory with the use 

of photography which is not as satisfactory as actual field measur·ements 

because it allows only a two-dimensional view of the sediment. 

In the field, the length of .the three axes of each pebble was 

measured using a transparent ruler, while the radius of least curvature 

was determined by using the Cailleux roundness target which is made up of 

concentric circles of known diameter. Each pebble is fitted to an arc, 

thus providing an exact m2asure of angularity. The same set of circles 

was used to determine the inscribed and circumscribed circle used in 

Ril ey js sphericity formula. The basic measures of-~'£, -~and r v-1ere 

then punched onto IBM computer cards for the purpose of calculating the 

above-mentioned shape parameter·s. The mean and standard- deviation for 



flatness, roundness and sphericity, and the division of each grain into 

the various shape classes was completed, using a computer program 

devised by the author. 

METHODS OF GRAIN SHAPE ANALYSIS 
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There is extensive literature written by various authors on grain 

shape, its analysis and interpretation. Two principal grain-form 

parameters are ·in common usage today - shape and roundness. ..Grain shape 

is defined in terms of the described spatial geometric form of gra.ins, 

whereas grain roundness describes the relative sharpness (or lack of 

sharpness) of grain corners and edges." {Pryor 1971, p.l31). 

(1) Shape: The quantitative grain shape parameters most commonly 

used are the sphericity and flatness ratios. Sphericity states how nearly 

equal the three dimensions of an object are; a sphere has a sphericity of 

1.0. A sphericity value which shows the behaviour of a particle during 

transport is the Maximum Projection Sphericity introduced by Sneed and 

Folk (1958). Particles tend to settle with the maximum ~rejection area 

{plane of the~' ~axes) perpendicular to the direction of motion, and 

hence resist the movement of a particle. This formula compares the 

maximum projectior1 area of a given particle with a maximum projection area 

of a sphere of the same volume. For example, a particle with a sphericity 

of 0.600 means that a sphere of the same volume would have a projection 

area only 0.600 as la rge as that of the pebble. Therefore, the pebble 

settles 0.600 tin~s as fast as the sphere because of the increased surface 

resist!n~.~ dm1m-;ard motion (Folk 1965), Shape also influences tractive 



movement. Round particles roll, whereas disc-shaped pebbles shuffle 

along, and some other shapes move as a type of surface creep. 

Particles of a similar sphericity can be different shapes, 

therefore will behave in different ways during transport and deposition 

(Krumbein 194la). To overcome this problem which resulted from earlier 

spheri city equations (Wadell 1935, Krumbein 1941), Zingg (1935) defined 

four shape classes according to the b/a, c/b axes ratios. Each combin­

ation of ratios indicates a part of the sphericity diagram. The four 

shape classes were Disc, Blade, Spheroid and Rod. More recently, 

Sneed and Folk (1958) combined sphericity vJith the intercept ratios of 

c/a and (a-b)/(a-c) into a form triangle with four major classes: 

Compact, Platy, Bladed and Elongated, which can be divided into a total 

of Len suucla!:>!:>e!:>. 

Sphericity can a 1 so be determ·i ned using vi sua 1 comparators such 
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as Power's (1953) and Krumbein and Sloss' (1955), but the r·esultant values 

are very subjective. A two-dimensional m2asure of sphericity was intro­

duced by Riley (1941) who used a method of projection to determine the 

inscribed and circumscribed circle for each grain, with a set of circles 

of known diameter. This method is very useful vvhen photography of 

sed iment samples is available. 

Cailleux (1947 ) adapted the roundness ratio originally proposed 

by Wentworth (1922) as his flatness ratio, but required that the three 

dimensions meet at right angles. Cail leux used the flatness ratio as his 

index of :hape; it compares the c axis to the a and b axes. 



(2) Roundness: The two methods which have found the greatest 

usage in determining the roundness ratio of grains have been Krumbein's 

(1941a) visual chart, and Cailleux' (1947) formula. Krumbein con-

structed a visual chart using pebbles of known~ roundness value which 

he calculated using Wadell 's (1933} method. Cailleux defined roundness 

as the ratio of the diameter of the sharpest corner r in the plane of 

maximum projection &nd the greatest length ~· For a completely round 

pebble 2r=a, therefore roundness=lOOO (see formulae). Blenk (1960), 

Tonnard (1963) and King and Buckley , (l968) have all found Cailleux' 

measure of roundness satisfacto~;Van Andel, Wiggers and Maarleveld 

(1954) used both measures, and obtained similar results. 
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Krumbein (1941) found that roundness is sensitive to abrasion and 

that change in the particles, resulting from abr3sion, may occur quite 

rapidly in the early stages of sedimentation, i.e. near the source area, 

then approach an equilibrium value. Krumbein also observed that the rate 

of rounding was greater for larger sized grains than smaller ones. 

SHAPE AND ROUNDNESS FORMULAE 

a is the longest axis of a particle. 

b is the intermediate axis of a particle at right angles to ~· 
c is the shortest axis of a particle at right angles to the 

~~plane. 

r is the least radius of curvature as determined using the 
Cailleux target. 

di is the diameter of the largest inscribing circle. 

De is the diameter of the smallest circumscribing circle. 
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Sphericity Formulae 

Yi = Krumbein's Intercept Sphericity (Krumbein 1941) 

li= ~ 

Y, = Maximum Projection Sphericity (Sneed and Folk 1958) 

?', = 1 a~2 -

Y(' = Riley Projection Sphericity (Riley 1941) 

jv, = v di 
De 

Zingg Shape Index 

b/a. ~ .667 
c/b ~ .667 

b/a > . 667 
c/b ~ .667 

b/a s. .667 
c/b > .667 

b/o. > . 667 
cjb >. 667 

blade 

disc 

rod 

sphere 

Sneed and Folk Shape Index 

R2 = (a- b)/( a-c ) 

{Zingg 1935) 

(Sneed and Folk 1958) 
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Rl > .7 compact 
.7 z.. Rl > .5 R2 ~ .333 compact platy 
.7 > Rl > .5 .333 < R2 ~ .667 compact bladed 
.7 2 Rl > .5 R2 :> .667 compact elongated 
.5 .?.. Rl > . 3 R2 ~ .333 platy 
.5 2. Rl > .3 .333 < R2 ~ .667 bladed 
.5 2: Rl ;> .3 R2 :> .667 elongated 
Rl ~ .3 R2 ~ .333 very platy -
Rl ~ .3 .333 < R2 L .667 very bladed 
Rl ~ . 3 R2 > .667 very elongated 

Cailleux Flatness Ratio (Cailleux 1947) 

Fe = [ (a+b) I 2c ] x 100 

Roundness 

Wentworth Roundness Ratio (Wentworth 1922) 

Wr = (a+b) I 2c 

Wadell Degree of Roundness o~ ad e 11 19 3 3 ) 

Pd = ~ (r/R) I N 

Cailleux Roundness Index (Cailleux 1947) 

Rc = ( 2 rIa) x l 000 



APPENDIX D 

GRAIN SIZE DISTRIBUTION ANALYSIS 

The size distribution analysis of beach sediments was completed 

by using a nest of sieves of one phi interval, and a spring balance. 

Each of the sediment samples which were sieved was collected, as a 

composi t e sample, from the surface layer of each beach zone. All 

sediment coarser than 0.0 ¢was hand sieved and weighed in the field, 

while t he finer sediment was later resieved in the laboratory at 

McMaster University. Photography was used to sample the beach sediments 

of northern Makinson Inlet, Ellesmere Island, and Eclipse Sound, Baffin 

lsland. From Aach photo, the~ axis of 25 to 50 grains was measured in 

millimetres and then converted to phi units. The use of photography 

speeds up the actual field work, but prohibits a sour1d quantitative 

analys i s of the size distribution, i.e. skewness and standard deviation. 

The percentage weights of each sieve interval from each sediment 

sample was then fed i11to two computer programs which calculated the four 

moment measures of each sample. The Woods Hole SEDANL program was 

devised by Schl ee and Webster (196 5 )~ and later modified by D.R. Ingram 

of ~kMaste r 11ni vers ·i ty . 
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The SED!\NL progr am pr o vi des a fequency curve \•Jhi ch is ver·y useful 

i n gi v·i ng a vis ua 1 i mr·,ress ion of the data , and it uses comput ation 

t echn iques ra the t t han graphic methods such a.s those proposed by Inman 

(1952) and Fol k and Watd (1957). 



A supplemental computer program, devised by Greenwood (1971) 

and modified by E. Bryant, computed the moment measure statistics, the 

Folk statistics and the Inman statistics. The program also provided a 

cumul ative frequency curve. 

Either program is suffici~nt for most grain size studies, but 

t ogether they provide a sound statistical base from which to interpret 

t he resultant grain size distribution. 
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APPENDIX E 

SEA ICE CHRONICLE 1972 

1 SOMERSET ISLAND (July 1-13) 

July 2: winds from the W at 15 mph: a wide shore lead existed 0.5 km 

offshore from Cunningham Inlet to Prince Leopold Island: ice 

was in advanced stage of puddling and tidal cracks and leads 

had formed along shore: a large quantity of the nearshore ice 

was multi-year. 

July 3-5: rain and winds from W and NW at 10-20 mph: the ice had 

started to break av1ay from l andv·Jard side of the 1 arge ·1 ead and 

drifted to the east where ice rafting occurred offshore of the 

small inlet: further east near Garnier Bay the sea ice covel" 

was still complete. 

July 6: 

July 7: 

July 8: 

in the early morning, one of the streams burst wide open 

forcing sediment, water and ice out from the shore just east 

of base camp. Alsos the adjacent shore leads were widened . 

little change in sea ice under near calm conditions: Air 

temperature wa s 5° C. 

only an icefoot was left along the shoreline directly in 

front of camp : to the west, little chan ge to the sea ice: by 

2300 hour·s ~ the sea ·ice furthei' east had a·l so left shore:, 

lea ving only an ice foot and some grounded large piece~ of ice: 



a SW wind of 5-10 mph greatly helped the ice removal. 

July 10: during the pas t few days, l_ight winds from the west, along 

with drizzle had ablated the ice surface, and under SW winds 

10-20 mph, the sea ice to the west of camp was beginning to 

break away at the ice edge. 
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July 11: winds from SW 30-35 mph, and later SE, resulted in all but a 

narrow band of icefoot leaving the nearshore and drifting east. 

July 12: Storm winds from the NE, along with rain, created waves of 

0.4 m in height at high tide, resulting in great erosion of 

the icefoot surface, lOcm: the storm also returned the ice 

which had drifted east the previous day, to the nearshore zone: 

the width of the offshore lead seemed to be 4-6 km and an ice 

content of 7 - 8/10 existed at the seaward side of the lead. 

July 13: winds of 5 mph from NE brought more ice shoreward, but there 

was still open water all along the shore from profile A 

(Chapter lV) to 'Trebor Inlet'. 

11 MAKINSON INLET, ELLES~lERE ISLAND (July 18-31) 

July 18: within the southwest arm, the shoreline was fringed by a 

fracture zone of both linear and circular pressure ridges and 

tidal leads: the zone was 50-60 m wide and the ice within the 

zone was second-year and multi-year ice: open water existed 

off each major stream outlet: no leads extended across the 

entrance to the southv;est arm: ~1ost of this aTm was fi 11 ed 

with first-year ice (10/10) in an advanced stage of puddling: 

several icebergs and bergy bits lined the shoreline. 



(reported by J .G. Cogley): the ice at the head of the north­

west arm showed moderate puddling and the shores were fringed 

by beach fast ice, v1hi ch \'Jas covered by fl uvi a 1 debris at the 

mouths of the various streams: icebergs and bergy bits were 

observed to the head of this arm. · 
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July 20: extreme W end of southwest arm predominantly first year ice 

with a few bergy bits: shore fast ice, a fracture zone lining 

the shore: short leads now crossed the entrance to the arm 

and a small area of open water existed at the head: N shore 

of Swinnerton Peninsula fringed by shore fast icc ridge, 

rafted ice and a narrow strip of partially open water: 

nearshore ice covered by fluvial debris: icebergs numerous 

offshor~. 

July 23: channels of open water flowed out from circular pressure 

ridges near shore, acting as loci for formation of leads and 

areas of open water: at tip of Swinner ton Peninsula l/10 -

3/10 ice cover up to 150m offshore and leads prolonged out-

. wards across entrances to both inner arms, from headlands 

and icebergs further offshore: towards the entrance to 

Makinson Inlet severely puddled 10/10 ice cover exis t ed, with 

g1 aci a 1 ice 1 ocated pr· i mari ly a 1 ong the north shore and i r. t he 

immed-i ate vici nity of the various tidevJater glaciers: open 

water exis ted off the 1 arge glac ier ha ·1 fway up t he no rthwest 

arm and to an unknown extent near or wi t hi n Smith Bay. 

J uli 2 l} ; open \\a. te ~ ... areas on th -2 S. coast of Svrinnerton Pen·ins ula at 

'Tern Cove ' and t he l arge delta complex t o t he W. 



July 27: {reported by G. S.C. he 1 i copter pi 1 ot): 'very r·otted ice 

within centre of southwest arm': N shore of Swinnerton 

Peninsula t rafted ice along shore (blocks 0.5-4 m thick) 

and 8/10 cover offshore. 

July 28: the only beach fast ice remaining in 'Tern Cove' was an ice 

ridge at low tide level: blocks of ice floated and 

abandoned at high tide in lagoons at this location: open 

water in fracture zone W of 'Tern Cove'. 

July 31: three days of variable winds resulted in the destruction of 

the remaining ice within 'Tern Cove' and along the shore to 

the west: wi dening of old leads and creation of new ones in 

southwest arm. 

111 HOOKER BAY, BATHURST ISLAND (J\ugust ·1-10) 

August 1: broken cover of first-year ice at the head of Hooker and 
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De la Beche bays: a narrow ba~d of open water lined the 

shores of the bays until the entrance where complete ice 

cover occurred: multi-year ice was common offshore in Austitl 

Channel: Bracebridge Inlet had 10/10 ice cover, but leads 

had formed across the entrance to the inlet and from the ends 

of the numerous islands. 

August 7: little change in sea ice cover over the past week; broken 

i ce ex·isted thY'oughout Hooker Bay ~ but 8-10/10 cover existed 

near the entrance to the bay and around the small island: a 

great deal of melting and candling of ice at the head of the 

bay~ ·less than 7/10 cover. 
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August 10: open water surrounded the small island within Hooker Bay 

and open water occurred at the entrance to the "hook 11
: leads 

were found across the inlets further south and all ice in 

each of the inlets was rotten. 

Note: The presence of low clouds which created poor lighting, and 

very little contrast bet\o.teen ice and water prevented a 

detailed account of the sea ice cover. In addition, the low 

relief of Bathurst Island does not provide a good observ­

ation point for viewing the sea ice conditions. 

l V RADSTOCK BAY, DEVON ISLAND (July 14, August 14-18) 

Juiy 14·: 

August 14: 

in front of base camp there was a very irregular ice surface 

near shore composed of grounded multi-year ice covered by 

snow: snow was still thick on the surface of the nearshore 

ice and beach: further offshore, some small tidal cracks 

existed but no major leads: puddling was advanced on the 

offshore first-year ice: buried ice was still present on 

the beach above HHWM, having been buried during a storm the 

previous fall. 

the ice edge existed across the mouth of Radstock Bay from 

Cap·2 Liddon to the east shore of the bay: there was a 

narrow band of open water along both shores of the bay and 

open water existed just north of Cas \va i 1 Tm ... ,er at the mouth 

of the 1 arge stream: 1 eads radiated across the bay at thei t' 

usual places - Caswall Tower~ the north side of Scallion Co ve 

and a s~te in the north channel. 



at Gascoyne Inlet, the ice edge occurred at Walrus Point 

and open water existed along the north shore and at the 

outlets of the major streams: the rest of the inlet 

contained rotten first-year ice: a partial lead with 

8 -10/10 ice cover existed across the inlet about half way 

between Walrus Point and the north shore of the inlet. 

August 15-16: there had been little change except for small quantities 

of ice breaking away from the ice edge, under the influence 

of 10 mph north winds: a narrow band of shore fast ice 

still existed on both sides of Cape Ricketts. 

August 17: south winds had created ice rafting at thP. ice edge, and a 

couple of bergy bits or growlers had entered the mouth of 

Radstock Bay on the east side. 
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August 18: the cnly change in the ice at Radstock Bay was a new lead 

radiating from the west shore about 1 km north of base camp: 

Barrow Strait was generally ice free in the northern and 

central portions, but considerable ice was observed near 

Prince Leopold Island. 

V POND INLET - ECLIPSE SOUND, BAFFIN ISLAND (August 25-September 3) 

August 25: 3-9/10 sea ice cover in southern Navy Board Inlet and 

Eclipse Sound, but open water existed at the outlets of all 

major streams , atld large leads radiated out from all head­

lands: open water was observed in Pond Inlet as far west 

as Mt. Herodier: Al bert Harbour, adjacent to Beloeil 

Isla~d was covered by 10/10 first-year i~e: a considera ble 



number of icebergs were present within Eclipse Sound. 

near the settlement of Pond Inlet a band of open water 

existed all along the shore, but the ice was continually 

shifting under the influence of tidal currents. 
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Augus t 26: to the east of the settlement, a wide zone of open water 

existed along the shore; however, a narrow ledge of ice 

existed at the base of the rock coast: in the shallows, ice 

had grounded on the many boulders observed at low tide: 

open water offshore of the Salmon River. 

August 28: below freezing night temperatures had resulted in a new 

layer of ice across the beach face, varying from 0.02 -

0.07 em in thickness: the ice bloke easily in onets hand. 

but sti 11 acted as a protective sheet for· the bE:ach: a thin 

layer of grea.se ice had formed between the nearshore ice 

floes: some sediment was contained in the new ice surface. 

August 29-30: the offshore ice was continually shifting and was less 

than 5/10 in some places, but in general 8/10 ice cover 

existed: new snow on .twgust 30th resulted in an added 

cover of ice to the beach: this cover, if exposed to the 

sun, melted rapidly, the old porouJ ice from the surface of 

the ice pieces had, in many cases, been incorporated into 

the new ice layer on the beach. 

August 31: night temperatures of -5 to -7° C: new ice formed in cal m 

waters and on shore appeared as a white opaque substance at 

low tide. 



September 2: NE winds drove ice onto the south shore along Pond Inlet 

and parts of Eclipse Sound: the sea had a temperature of 

-1 to 0° C: the rivers had a +1 to oo C temperature. 

September 3: new ice was still forming on the beach face but the 

offshore sea ice conditions were getting less because of 

increased wave action which was possible in the larger 

open water areas. 
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APPENDIX F - PHOTOGRAPHS 

COASTAL TYPES 

PLATE 1 * 
Archer Fiord, Ellesmere Island 

PLATE 2 * 

Radmore _Harbour, Ellesmere Island 

PLATE 3 * 

Fiord Coastal Environment- Cape vJarrender, Devon Island 

PI ATF 11 * 

Ice Shelf- McClintock Bay, Ellesmere Island 

PLATE 5 * 

High Straight Coastal Environment - south coast of 
Devon Island 

PLATE 6 * 

Ridge and Valley Coastal En vironment- Bt"a. cebridge Inlet, 
Bath urst Island 

PLATE 7 * 

Arctic Coastal Plai n - north Bo rden Isl and 
- note the numerous stream outl ets al ong the coas t 
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PLATE 8 * 

Arctic Coastal Plain - south Ellef Ringnes Island - note 

- the 11 islets 11 in the nearshore zone 

BEACH TYPES 
PLATE 9 

Shingle Beach - north Swinnerton Peninsula, Makinson Inlet, 
Ellesmere Island (July 20, 1972) 

PLATE 10 

Shingle beach - north Somerset Island (July 6, 1972) -
the ice-push ridges are oriented N.E. 

PLATE 11 
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Shing.le beach- Kadstock Bay, Devon Island (August 19, 1972) -

- in the forE!ground is a pronounced high tide ridge 
- further upslope, ridges of buried brash ice are found 

PLATE 12 

Beach bluff - Eclipse Sound, Baffin Island (August 28, 1972) 
- an area of erosion, both thermal and wave 

PLATt: 13 

~~ide sandy--grave 1 beach - Ec 1 fpse Sound) Baffin Is 1 and 
(August 28, 1972) 

- beach backed by ponds and co as ta.l hi 11 s 

*phot ographs 1-8 are t aken f rom A. Taylor 1 s (19 56 ) Ph. D. Thesis 



PLATE 14 

Coastal flats, at low tide, at the head of a small bay­
Hooker Bay, Bathurst Island {August 11, 1972) 
- the foreground is the mouth of a large stream 

BEACH SEDIMENT 

PLATE 15 

Beach sediment, (HHWM) profile F - north Swinnerton Peninsula, 
Makinson Inlet, Ellesmere Island 

PLATE 16 

Beach sediment, (H HWM) profile G- Eclipse Sound, Baf f i n Island 

PLATE 17 

Beach sedi me nt from small headland spit - Hooker Bay, Bathurst 
Island 

PLATE 18 
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Dirt cone on nearshore ice - north Somerset Is l and (J uly 13, 1972) 

BEACH AN D NEARSHORE lCE 

PLAT£ 19 

Icefoot - south Swinnerton Peninsu la , Makinson Inl et , El l esmere 
Isl and (Ju ly 23 , 1972 ) 



PLATE 20 

Fast ice - north Somerset Island (July 3, 1972) 

PLATE 21 

Icefoot - same location as photo 20 (July 10, 1972) 

PLATE 22 

Icefoot, at base of rock coast, Eclipse Sound, Baffin Island 

(August 28, 1972) 

PLATE 23 

Meltwater channel, cut in fast ice - Radstock Bay, Devon Island 
( Ju 1y 1970) - no l: t: the ucach .;) ed iment i rl t he channe 1 

PLATE 24 

Shorefast ice-cored ridge (icefoot)- 'Tern Cove', Makinson 

Inlet, Ellesmere Island (July 20, 1972) 

PLATE 25 
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Sea i ce of fracture zone covered by beach sediment - 1 Tern Cove 1
, 

Mak i nson Inlet, Ellesmere Is land (July 19) 1972) 
- survey staff is 3.5 m long 

PLATE 26 

Shorefas t ice- cored ridge , at low tide - Hooker Bay, Bathurst · 
Isl and (f\Ugust 11, 1972) 



PLATE 27 

Shorefast ice-cored ridge - north Swinnerton Peninsula, 
Makinson Inlet, Ellesmere Island (July 20, 1972) 
- large pieces of ice grounded in the ice ridge 
- low tide, note the coarse nearshore sediments 

BEACH FORMS CREATED BY ICE 

PLATE 28 

Formation of an i ce-push mound- Pond Inlet (settlement), 
Baffin Island (August 30, 1972) 
- newly fallen snow on shore 

PLATE 29 
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Storm wave activity- Radstock Bay, Devon Island (August 23, 1971) 
- brash ice thrown up on shore and bur ied 
- 10 em interval staff in foreground 

PLATE 30 

Close-up of Plate 29 - Radstock Bay, Devon Island 

PLATE 31 

Buried sea ice - Radstock Bay, Devon Island (August 1971) 

Plf~TE 3~ 

Pi t t ed bea.ch above HHHM - north Somerse t I sland ( ~ } u ly 11 ~ 1972) 

PLATE 33 

Freez e -up ~ young coasta l ice- Fond Inlet (settl ement ) , 
Baff·; ~ , Isiand (f.\ ugu.st 23, 1972) 



PLATE 34 

Freeze-up, the formation of an icefoot - Radstock Bay, 
Devon Island (October 3, 1971) 

PROCESS 

PLATE 35 

Open water conditions - Radstock Bay, Devon Island 
(August 24~ 1971) 

PLATE 36 

Freeze-up - Radstock Bay, Devon Island (October 1, 1971) 

PIATF 37 

Spring melt conditions - Radstock Bay, Devon Island 
(July 14, 1972) - thick snow cover on beach and nearshore 

PLATE 38 

Summer ice conditions - Radstock Bay, Devon Island 
(August 26, 1972) - no open water occurred in 1972 at this site 
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T- 397R- 117 

'II: ,;;St.El·.E- GREEllLAIID FOlD 'lELT, llO!''rr!EA~T GI IimELL LAJ·;O. The &?-mile l~n(;th 
f. ~rcher Fiord (3 to 5 miles in width) is seen ~n this westward new. Th s 

1 
\ r ni •1 t trench is deepJ..v enporeed alonr the s tr1ke of the folds of the 

•:lltsn r - '1r enlAnd fold belt on the northwest 111Br ~;1n of Judge Dal . or. ,ontory 
, : m r thus t r.rl r.n"ll Land. To the ripht are the steeply-dipoin~ , more fincl 
l&J<l•,•\.ed beds for minp the er osional surface of the Greely-Hazen Plateau, 
. ,c.ctt •lso --aral : el the axis of Archer Fiord. (Photo by court .. s;v- of Ro;-·al 

&naJ.lJ:Jl A1,r 1- orce . ) 

FIGURE 21. T- 408L-2 I 

~!OUTH <Y HCCUNTOCii BAT 1 LOOKING ~::AS 'NARD. Here is the principal trench of 
~lcCUntock Ba)r, which r111111 for 50 llliles inland. In the foreground is the islru 
intervening bet-n the Eaat and Hiddle Portal Inlets. On the far wall of 
McClintock Ba.v, 2S 111lea inland, a 1111&11 inlet marks the outlet of a valle nt 
the base of the Parr-Yelverton depression, at this point lnrrely ice-free. l!ol 
or this inlet, with a 1111&11 ice field margininr. the ba.v, are the hi hest (4000 
feet) peaks or the 1ndhcr1111nately arranged peaks and ridees of the Challenre1 
Mountains . Note the Uneated pattern on the shelf ice . (Photo by courtesy of 
Royol Can•dian Air l"oree.) 

FIGUR!: 10 T-39~H-25 

THE ELLESt·!ERE-GREENIJ.ND FOLD BELT, EAST GRINliEIL LA ND. An eastward view acros~ 
the head of Radmore Harbour near the northeastern extremi t:v of the Ellesmere­
Greenland fold belt. 'l'he deepl.,y-dippinc folds are clearly visible on both sid 

~;n~~~ ~i~~~· ~:1~~ ~~o:!u~~r(;~:~~)' to_:~~d i~~c!~i~n;n oi~=~~~~ a~~d m:~-
haps thrustin~ visible. The summits of these beds form the sharp r i dge cr ests 
of the Victoria and Albert Mountains . The interveninr trourhs between t he 
ridces are lar ely ice-filled, the snowline risinr to the crest of the r i d e 
on the north- facing slopes, and descendintr on the southern slopes to nuch lew~ 
al t1 tudes • (Photo by courtesy of P.oyal Canadian Air Force . ) 

2 

FIGURE 6 T-S08R-12~ 

Cf.PE WAilRENDER , THE SOUTHEASTERN EXTREMITY OF DEVON ISLAND. An eastward view 
~ut o; the mouth of Lancaster Sound across the rocky cape on which Dr. Neill, 
~-arry s r.eologist, collected the first geological spec1111ens from the Queen 
~Uzabeth Islands in 162). These coastal ridges of Precambrian crystalline 
' <•rma lions are similar to those occurring on eastern Lincoln and Sverdrup 
L.m<Js farthe r north . Here they rise steeply from a narrow coastal platform I 
r~·,_n;;~.;~~~!r 0~/~~\~000 f~e\;e~ .. below the 600o-foot s11l11mi t of the island , 
oin t thou h . von ce e almost reaches the south coast at this I 

.\1 r F~rce . )C Wlth no great activity. (Photo by courtesy of Royal Canadian I 
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'PIOURI 2 
T-411R-l61/ 

BORDEN ISLAND, The north coast of Borden Island looking vest, shoving the • 
remarkably uniform dendritic drainage pattern which has lightly inscribed 
itself alonr this r.entle slope, At the shore the principal streams broaden\• 
i n braided valley floors before depositing their load of eroded fines i n 
coas tal outwash plains. The pattern of the folds is accentuated here by t hJ 
partly snow-filled valleys , Borden Island is one of several islands in thi;! 
northwestern sector of the Queen Elisabeth Islands which are part of the 
Arctic Coastal Plain, (Photo by courtesy of Royal Canadian Air Force. ) 

l'IGUJtE 6 T- hlOR-161, 

RJTHURST I SLAND. The Parry Island Fold Belt on southwestern Bathurst Island, 
wh•re res istant strata of the folds have expressed their induration as ex­
~ended peninsulas along this coast. These peninsulas, as well as the north 
side of Bracebridge Inlet as far vest as Sch0111berg Point, parallel the stri ke 
of he fol ds as do the string of islets in the center background, This deepl~ 
indented coas tline i s completely controlled by the differential erosion of t hl 
parallel erposures of the f olded strata, (Photo by courtesy of Royal Canadi8l 
1.1 r Force . ) 

'--~-------------------

6 

FIGURE 21 

THE ARCTIC COASTAL PLAIN, SOUTH ELLI!F RINGNES ISL.6ND. Westward view of the 
coast of Ellef Ringnes Island on the Arctic Coastal Plain with the Beaufort 
to the west. This low, nat coast ia typical of IIIICh of the land area in 
plain, The light dusting of snow the land has received highli~hts remarkabl y 
intricate dendritic drainage systea lightly inscribed as the outwash area, 
(Photo by courtesy of Royal Canedian Air Force.) 
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