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ABSTRACT. An a ir-photograph inventory of the present glacieriza tion of a reas of east Ba Rln Isla nd adjoin
ing Home Bay a nd Okoa Ba y is described. I ce fi elds characterize the broad mounta in summits of the former, 
while the la tter is an a rea of cirque glaciers. The extent of g lacieriza tion is sta tisti ca lly rela ted to va rious 
topographic pa rameters. It is found that there is a 4 : 1 rat io between H ome Bay a nd O koa Bay in the a rea 
of ice as a p ercent of the la nd a rea a bove 6 00 m a .s.l. Trend-surface a nalyses a re mad e of the distribution of 
snow-ba nks a nd of cirques (empty a nd with ice bodies) in the two a reas. The ori enta tion of the cirques a nd of 
the ice-field glaciers in H ome Bay is a lso examined. 39% of empty cirques in O koa Bay face south, whereas 
those with existing glaciers a re restricted to orienta tions with azimuths between 3 10°- 145° . Neither glac ier 
length nor the observable recession in the H ome Bay area show any significant difference with regard to 
aspect. 

Considera tion of climatic pa ra meters (snowfa ll a nd degree days) and synoptic-climatologica l results 
provide no reason for the strong contrast between the two a reas. Cool, cloudy sum mer conditions a re 
assoc ia ted with easterl y Row components tha t should a ffect both a reas. A possible mod el for the inception 
of the mounta in ice fields of H ome Bay c. 2 000- 4 000 years ago is outlined and it is suggested tha t differentia l 
lag effects between the ice bodies in the two areas may be responsible for some of the observed difference. 
The many pa radoxica l rela t ionships between g lacierizat ion, topogra phy and cl imate in these a reas, and the 
ra ther negati ve results, emphasize the dangers of fac ile pa laeoclima tic interpreta tions. 

R ESUME. Un inventaire de la glaciation natuTelie et passe. de H ome B ay et Okoa B ay, B qiJl1l Island orientale, N. W. T. , 
Canada, et quelques considerations climatiques et paUoclimatiques. O n decrit un inventa ire pa r photos aeriennes de la 
g lacia tion actuelle des zones de l'est de Ba ffin Isla nd avoisina nt H ome Bay et Okoa Bay. Des ca lottes de glace 
ca rac((~risent les la rges sommets montagneux d e la premiere, ta ndis que la seconde est une zone d e g laciers de 
cirq ues. L'extension d e la glacia tion est stat istiquement liee a differents parametres topographiques. O n 
lrouve que les surfaces englacees en pourcent de la surface tota le au d essus de 600 m d'alt itude, sont dans le 
rapport 4 a 1 ent re H ome Bay et Okoa Bay. D es ana lyses de tenda nces furent fa ites sur la distribution des 
congeres et des cirques (vides ou occupes par un glacier ) da ns les deux zones. On a a uss i exa mine l'orienta tion 
des cirques et d es calottes g lacia ires da ns H ome Bay. 39% des cirques vides dans O koa Bay font face a u Sud, 
tandis que ceux qui ont ga rde leur g lacier en sont reduits a des ori enta tions avec des az imuths compris en tre 
3 10 ° et 145 ° . N i la longueur des glaciers, ni le retra it observable des g lac iers de la zone de H ome Bay ne 
montrent q uelque lien significat if avec I'exposit ion . 

L 'examen des parametres climatiques (prec ipita t ions et degres-jours) et d e resulta ts synoptiq ues cl imato
logiques n 'apporte a ucune explication d e ce vio lent contraste ent re les deux zones . La fra icheur et la nebu 
losite d 'ete sont associees a ux composantes d es Ru x d 'Est qui p euvent a ffecter les 2 regions. U ne explication 
possible du commencement de la constitution de calottes de g lace da ns les montagnes de H ome Bay il y a 
2000 a 4 000 ans est avancee et I'on suggere que d es efIets differem menl retardes entre les g lac iers de deux 
zones peuvent etre responsables de quelques unes des differences observees. Les nombreuses rela tions 
pa radoxales en t re la glaciation , la topographie et le cl ima t dans ces zones, et les resultats assez decouragea nts, 
soulignent les d angers des fac iles interpreta tions pa leocl ima tologiques. 

ZUSAMMENFASSUNG . Eine Bestandsazifnahme deT gegenwiirtigen undfniherell Vergletschenmg des H ome Bay und Okoa 
B ay, Ost-Baffin-Island, N. W . T. , Canada, und einige klimatische und palaeoklimatische UberlegwIgeTl . Eine aus 
Luftbildern gewonnene Besta ndsaufnahme del' gegenwartigen Vergletscherung von Gebieten des ostlichen 
Ba ffin Islands in der U mgebung der H ome Bay und O koa Bay wird beschrieben. Eisfelder chara kterisieren 
die breiten Berggipfel der ersten , wa hrend die zweite e in Gebiet m it K argletschern ist. D as Ausmass der 
Vergletscherung wird sta tistisch auf verschiedene topographische Pa rameter bezogen. Fur den p rozentua len 
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Anteil d er vereisten Gebiete a n der LandAache hoher a ls 600 m li.N.N. wurde zwischen H ome Bay und Okoa 
Bay ein Verhaltnis von 4 : 1 gefunden. In beiden Gebieten wurden OberAachenanalysen flir die Ver teilung 
von Schneebanken und Karen (leer oder mit Eiskorpern) durchgeflihrt. Ebenso wurde die Orientierung der 
Ka re und der Plateaugletscher in der H ome Bay untersucht. 39% der leeren Ka re in d er Okoa Bay sind 
slidor ientiert, wahrend die K are mit bestehenden G letschern a uf Orientierungsazimute zwischen 3 10 0 und 
145 0 beschrankt sind. Die Gletscher im Gebiet der Home Bay zeigen wed er in ihrer La nge noch in ihrem 
beobachtbaren Rlickgang irgendwelche signifikante U nterschiede hinsichtlich der Exposition. 

Die Berlicksichtigung der klimatischen (Schneefall und Schmelzperioden) und der synoptisch
klimatologischen Pa ra meter liefert keine Ursache flir d en stark en Gegensatz zwischen den beiden Gebieten . 
Klihle, wolkige Wetterlagen im Sommer sind mit ostli chen Luftstromungen gekoppelt, die sich a uf beide 
Gebiete auswirken sollten. Ein mogliches Modell flir den Beginn d er Vergletscherung auf d en Bergen d er 
H ome Bay vor etwa 2000- 4000 J a hren wird entwickelt und es wird vermutet, dass differentielle Verzo
gerungseffekte zwischen den Eiskorpern in d en beiden Gebieten flir einige d er beobachteten Differcnzen 
vera ntwortlich sein konnten . Die vielen paradoxen Beziehungen zwischen Vergletscherung, Topographie 
und Klima in diesen Gebietcn sowie die recht negat iven Ergebnisse lassen d eutli ch die Gefahren cin facher 
pa laeok limatischer Interpretationen erkennen . 

INTRODUCTIO N 

I ce masses cover about 153000 km2 of the north-eastern Canadian Arctic. The southern
most occur as sma ll cirque glaciers in the Torngat Mountains (Forbes, 1938) at about lat. 
60° N . Baffin Island is moderately glacierized (Fig. I), as are the islands farther north. 
Inventories of the ice bodie3 in north-eastern Arctic Canada were first undertaken by the 
American Geographical Society ( 1958) based on the then existing maps and air photographs. 
A more detailed treatment involving the utilization of historical records, written and photo
graphic, was reported by Falconer (1962 ) for northern Baffin Island and this work has since 
been extended and d eveloped by the Glaciology Subdivision of the Inland Waters Branch, 
D epartment of Energy, Mines and R esources, Ottawa (personal communication in J 969 
from C. S. L. Cmmaney) as a part of the International Hydrological D ecade program to 
obtain a complete inventory of the world's glaciers. 

It was not until the 1950 expedition of the Arctic Institute of North America to the Barnes 
I ce Cap (Baird, 1950) that any of these sub-polar and polar ice masses were examined. The 
growth of glaciological studies since that date has been slow, largely as a result of the logistical 
problems involved. Continuing glaciological programs presently operate on Axel Heiberg 
Island , Ellesmere Island and D evon Island, while on Baffin Island the Barnes I ce Cap and 
D ecade G lacier (Sagar, I 9CG; 0strem and others, 1967) are being studied. Thus out of a total 
g lacier population of > I 000, less than 10 are under systematic observation . Basic questions 
concerning the re? resentativen ess of these ice bodies in terms of classifactory type, topographic 
milieu and meteorological regime can only be answered in the most general way. 

This paper presents an analysis and interpreta tion of the present and past glacier (sensu lato ) 
distribution in two contrasting sections of the east coast of Baffin Island. T he first region, 
Home Bay (Fig. I ) was selected because of field experience in the area and knowledge of its 
past history (Andrews and o thers , 1970). The area ofOkoa Bay (Fig. I) was chosen because 
of its proximity to Hom e Bay and in part because a research program of the Institute of Arctic 
and Alpine R esearch is being developed there. The names Home Bay and O koa Bay as used 
hereafter refer to the areas of the I : 250 000 Canad ian topographic maps (Figs. 2 and 3), not 
the actual sea areas. 

W e shall consider first the broad topographic and climatic factors that determine the 
present glacierization of the two areas. This theme reflects a two-fold interest: the desire to 
gather information on the controls of present ice distribution , and the application of the results 
to palaeoclimatic interpretations of evidence of past glaciation . 

TOPOGRAPHY OF HOM E BAY AND OKOA BAY 

The areas under study both lie within the fiord and dissected plateau rim of eas tern Baffin 
Island, but they differ considerably in detail (Figs. 2 and 3) . Figure I shows the generalized 
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Fig. I . Contollrs of maximum summit elevatiolls and maximum relative relief for the area bell l'een Home Bay ill the north alld 
Climber/and Pellinsula in the south. Inset map shows the distribution of ice masses in Bqffill Islalld alld locatioll of weather 
stations I Dewar Lakes, 2 Cal)e Hooper, 3 Broughtol1 Isl.7nd, 4 Cal)e Dy er, 5 Frobisher. 
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form of the summit surface and maximum relative relief over the Cumberland Peninsula . 
The map was constructed as follows: a grid with sides of 20 km was superimposed on the 
I : 250000 topographic maps (about 200 squares) and the maximum elevation and relative 
relief were noted in the center of each alternate square. This resulted in two data sets of 100 

individuals. The trends shown on Figure I were obtained by contouring. This procedure 
could result in a maximum loeational error of up to 14 km between the actual location of a 
maximum and its plotted position. Figure 1 shows that Home Bay* lies along a saddle in the 
eastern mountains. Maximum elevations range from 6 0 0 m to I 0 00 m within the saddle. 

Linear trend surface contours 

(in melres) 

o 
I 
o 

All snowbanks 

Cirques wi th olaciers 

Empty cirques. 
focin; SE a SW 

5 10 15 mi . 

10 20 30 km 

Fig . 3. D istribution of ice masses in Okoa Bay based on the Canadian National T opographic J : 250 000 map. Linear trend 
surfaces are shown (see Table I V ). 

In contrast maximum elevations over the Okoa Bay a rea vary between 800 m and 1 6 00 m , 
and reach 2 0 00 m just north of Cumberland Sound . Elevations of summit surfaces slope off 
from this high in all directions although the gentlest slope, of about I : 10 0 , is clearly that 
down to the south-west from the height of land . In coastal areas the lines of equal relative 
relieft are parallel to the surface elevation contours but inland from the fiord heads they 
diverge. Maximum relief is only about 3 0 0 m over much of the inland plateau . 

Figures 2 and 3, showing the distribution of ice masses in the two study areas, have been 
taken directly from the new 1 : 250 000 topographic series . H ome Bay is covered by map 

* To avoid repetition, the study areas a re mainly referred to as " H ome Bay" and "Okoa Bay" in this paper. 

t W e define relative relief as elevation differences, with respect to present sea-level. 
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numbers 27A and 27B and Okoa Bay by 26P (Canadian National Topographic System). It 
is evident that much of the glacierization of Home Bay is in the form of mountain ice fields, a 
reflection of the broad massive mountain topography, whereas by far the most predominant 
glacier form in Okoa Bay is the small cirque glacier, a consequence and cause of the alpine 
topography. These factors are discussed in more de tail below. Figures 4 and 5 illustrate the 
contrasting character of the two areas and their glacierization. 

Fig. 4. Vertical air photograph (A -I 201 2-79, National Air Photo Library, Canada ) showi,zg small cirque glaciers lYing between 
N arpaing Fiord and Okoa Bay. The arrow jJoints to a typical example of the extensive cir,!ue moraines formed at as )let 
u.nknown dale. Nfaximll7n elevation on peak with cross is about I 000 m a.s .l. 

PLEISTOCENE AND RECENT GLACIAL HISTORIES 

Knowledge of the Pleistocene and Recent glacial history is necessary to se t our study in a 
time perspective. Adequate factual knowledge is available for the Home Bay area (Andrews 
and others, 1970), but little is known about events in Okoa Bay. However, detailed photo
reconnaissance has been carried out and limited surveys have been undertaken by Andrews, 
and J. H. England and A. H. Kryger (personal communication in 1968) . 

Home Bay 
Hypothetical glacier profiles, based on the assumption that the ice was grounded at the 

edge of the continental shelf, strongly suggest that the mountains around Nudlung Fiord were 
not overrun by the fiord glaciers (Mt Viewforth rises to I 550 m a.s.I. ) . Farther inland, 
however, the mountains attain elevations of about goo m a .s .1. and were overridden at some 
stage by the Laurentide ice sheet. 
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The outer coast e:nerged from the retreating glaciers about 10000 years ago (Andrews and 
o thers, 1970; Bryson and others , 1969) . R etrea t thereafter' was relatively slow ( < 2 7 m year- I) 
and there is good evidence that some glaciers from the inland ice sheet were sti ll in contact 
with the sea about 4 300 years ago (Andrews, 1969) . It is concluded from field work in the 
Home Bay area that the fiord-glaci er phase and the present mountain-ice-field phase were 
chronologically distinct. No evidence has been found to sugges t the contemporaneity of the 

Fig . 5. Ohlique air /J/zotograph ( T 320L-1 85, National A ir Photo Librmy, Canada ) of mountain-top ice calJs at the head of 
Ekalllgad Fiord in inner Home B ay. In the left foreground a glacier from the ice cap cross-cuts the main north lateral moraine 
of the Ekalllgad Phase dated about 8000 B.P. Immediatel), 10 Ihe left again Ihe moraine spanning the fiord is dated al c. 
6 100 B.P. Maximum elevalion about 1 000 111 a.;-.l . 

mountain and fiord glaciers. This may have been the general pattern through much of east 
Baffin Island. On the other hand, King (1969) presents evidence for a local ice center during 
the maximum of the last glaciation in the high land between I tirbilung and M cBeth Fiords 
immediately to the north. This inter-fiord areas is much higher and is morphologicall y more 
a lpine than Home Bay (see Figs. 4 and 5) . 

Andrews and others ( 1970) have suggested that a major geologic/climate boundary for 
east Baffin Island can be placed in the interval between the final breakup of the Baffin Island 
ice shee t « 4000 s.P. ) and the expansion or re-expansion of the mountain ice fields and 
glaciers. This event is tentatively considered to be correlative with the re-advance of the 
Barnes Ice Cap about 2 800 years ago (Andrews and Webber, 1964) . Harrison ( 1964, 1966) 
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presents evidence for correlative responses of mountain glaciers in the eastern mountains . The 
glaciers and ice fields experienced a period of retreat but then re-advanced to the line of the 
Recent terminal moraines within the last 400 years . In most cases this re-advance was greater 
than the sub-Atlantic re-advance. The ice masses and snow-beds that we are discussing are 
in part due to climatic changes several centuries old. No glaciological investigations have been 
carried out on any ice body within the Home Bay area. From incidental observations it is 
thought that the equilibrium line in any year is lower than in the mountains to the north . 

Okoa Bay 
Inves tigations of the late- and post-glacial history of the area are just beginning; only one 

radiocarbon date is available supplemented by a limited lichenometric survey. Air
photography interpretation suggests that during the maximum of the last glaciation, large 
fiord glaciers flowed toward the continental shelf. In one or two sheltered localities along the 
outer coast there are high cliffs of inconsolidated materials. These formations may be equi
valent to those described by L0ken (1966) farther north and if this is the case they must date 
from > 54000 B.P . The physical appearance of the mountains opposite Broughton Island 
suggests that they were not covered by actively moving ice at the maximum of the last 
glaciation. Marine shells from sandy gravel above the Hudson Bay Company store on 

Broughton Island have been dated at 32 000 + I 7
00 

(1-3200). If this date is reliable it 
- 1400 

provides a maximum age for the last ice advance, although any subsequent contamination 
would mean that the advance was considerably older than this minimum age. The retreat of 
the glaciers from the fiord heads was followed at a later, and presently unknown date, by the 
advance of a large number of cirque glaciers. Whereas the present distribution of cirque 
glaciers is fairly restricted (see below), this advance involved south-facing cirque glaciers in 
situations where glacier ice no longer exists. With our present knowledge, the age of these 
local glacier moraines must be placed at either 8 000 years old (= Cockburn Phase of Falconer, 
and others, 1965), or 6700 years old (= Isortoq Phase, Andrews, 1966), or about 4 700 years 
old (= Flint Phase, paper by J. T. Andrews in preparation) . Measurements by A. Kryger of 
lichen diameters on the Recent moraines of a small cirque glacier at the head of Quajon, 
Narpaing Fiords indicate that the outermost moraine may date from about A. D . I 200, 
whereas the inner moraines appear to have an age of 300 years or less. 

No glaciological work has been carried out in the Okoa Bay area , although Ward and 
Baird (1954) calculated that in 1953 the equilibrium line on the Penny Ice Cap was at 
1 580 m a .s.l. 

METHODOLOGY AND THE INVENTORY 

Various ice and snow masses and cirques were identified from air photographs at a scale of 
1 : 60000 and were then located on topographic maps at 1 : 125000 (the " blue line" prints 
for the 1 : 250000 National Topographic Series) . Each feature was given a 6 digit location 
number based on a 12.5 km X 12.5 km grid system arbitrarily superimposed on the map 
sheets. Air-photograph quality was mostly excellent. 

Tables 1 and 11 illustrate the type of information that was abstracted. Areas > I km2 

were measured by a rolling planimeter a nd for smaller areas the "square-counting" method 
was used. M easurement errors are not easy to compute: however, our estimates are: (a ) 
orientations ± 5°, (b) lengths, ± 50 m , (c) elevations, ± 15 m for Home Bay and ± 50 m 
for Okoa Bay, and (d ) area, ± 5% . 

D efinitions 
An early source of difficulty was the nomenclature to be employed. The following defini

tions were adopted based on Ahlmann (1948), the American Geographical Society (1958) 
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TABLE I. EXAMPLE OF GLAC IAL INVENTORY ON ICE AND SNOW MASSES 

Elevations Glaciers i" system Axes 
Highe:rt Lowest Maximum Area of Amount of 

Feature Localioll J.'v[ax;mum margm margi" ill area fea ture A ~imuth Length Area A;; ;1tIIlth Length retreat Remarks 
m m m km' m km' 

Jce cap 131407 I 165 I 165 450 1 165 '4·5 ( I) 059 5400 50- 100 Central nunatak of 
and (2) 146 2 700 0.5 km2 
glaciers 330 J 150 0·7 400 

'47 J 8,0 1. 1 
024 900 0·5 Calving into a lake 

l ee field 034286 I 283 1 283 950 I 337 1.4 320 940 Ice fields have 
Ice field 034295 I 134 I 134 810 I 337 0·9 338 1450 common outlet 

G lacier 338 2960 
into g lacier 

>450 

Ice field 437 ' 74 970 970 750 970 1.6 0 12 1810 On highest land 
above cirque 
backwall 

I ce patch 32269 1 745 745 455 832 048 Faces north-east 

Ice pa tch 111225 I 120 I 120 790 I 200 0.52 On exposed (east) 
slope .of a 
moraine 

Snow-bank 803 71 2 47 575 Facing north-east 

Snow-bank 448779 318 395 Large patch , 
facing sou th-east' 

TABLE Ir. EXAMPLE OF INVENTORY ON CIRQ.UES 

Elevations Height of Orientation Relation to Maximum elevation Orimtation 
Location Top Lip Le1iglh Breadth backwall of long axis mountain mass ill area of glacier Drowned Remarks 

m 111 m m m 

0 99027 790 500 720 590 220 354 ~. and N.E. 790 No Ice patch, mostly 
on north slope 

143080 950 600 220 300 350 023 N.E. 950 023 No G lacier-filled 

1401 59 720 600 300 6 15 90 01 2 N. 790 0 Empty 

182 175 5 10 460 2000 2400 50 085 E. 780 Yes Relic, moraines 
(lake) down valley 

3243 16 107 < 0 780 600 308 N.W. 150 Yes Backwall 
(sea) breached 

and the American Geological Institute ( 1957) . It should be noted that the a nalysis was 
carried out mainly during 1966- 67, prior to any recommendations being made by the I.H.D. 
Committee for glacier inventories. 

I. Snow-patch (synonym = snow-bed) : small , permanent area of snow and ice. Often 
accumulates in the lee of relief irregularities. Generally about 0.1 km2. 

2. Ice patch: small independent area of ice showing no signs of movement. Located in a 
variety of positions and generally < 2.0 km2. 

3. Glacier: individual tongue or lobe of ice showing movement. 
4. I ce fie ld: continuous area of ice and snow, of lesser extent and on land of greater relief 

than an ice cap. Generally < [ 0.0 km2. (Ahlmann calls this a highland glacier or 
transection glacier. ) 

5. Ice cap: ice and snow covering a large section of land of moderate relief. Generally 
> 10.0 km2 and moving out in all directions from the central area (Ahlmann calls this a 
glacier cap). 

GENERAL COMPARISON OF THE GLAC[ER[ZATION OF THE TWO AREAS 

A valid comparison of the extent of glacierization in the two study areas must take into 
account differences in size of the two areas. Figure 2 includes an area of 13 X 103 km2 of which 
63 % is land. The Okoa Bay area (Fig. 3) in contrast covers only 4.7 X 103 km2 of which 7 1 % 

is land. A fuller set of statistics is given as Table Ill. The most significant figures are those that 
express the area of ice as a per cent of the land area and, more particularly, the area of ice as 
a per cent of the area ofland higher than 600 m a .s. l. In the first case the ratio between Home 
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Bay and Okoa Bay is 12 : I, and in the second 4 : I. The comparison of ice coverage with 
respect to high ground most clearly demonstrates the contrast in glacierization of the two 
areas. This point is discussed further below. 

Figure 6 presents frequency histograms of ice types. Ice patches are of approximately 
equal numbers in both areas although their topographic location is somewhat different. In 
Home Bay they occur as thin patches on, or on the side of, mountain summits, whereas in 
Okoa Bay they occur more characteristically in cirques. Individual glaciers originating from 
cirques are virtually absent from Home Bay whereas in Okoa Bay they represent the major ice 
types. In contrast Home Bay has many more ice fields , both in area and number. These are 
mainly located in the south-east (Nudlung map) area of Figure 2. Both the degree of dissection 
and the summit elevations decline westward in Home Bay and the large ice masses in the 
north-west area of Figure 2 are categorized as ice caps, a type that is not found in Okoa Bay. 

TABLE Ill. HOME BAY 

Area Per cent 
km' 

Total area 13 000 
Area land 81 90 63 
Area sea 4 810 37 
Area ice: area land 504 6 
Area > 600 m: area land 1 350 16·5 
Area ice: area > 600 m 37·5 

OKOA BAY 

Area Per cent 
km' 

Total area 4700 
Area land 3 320 7 1 

Area sea 1380 29 
Area ice: area land 63 0·5 
Area > 600 m: area land 745 22·4 
Area ice : area > 600 m 8·5 

A commentary on these data is appropriate at this point. Okoa Bay has higher mountains 
and a greater relative area above 600 m a.s.l. than Home Bay and yet the glacierization of 
Okoa Bay is mainly confined to cirque glaciers, suggesting the importance of local "snow
fence" effects for collecting snow in topographic hollows. Thus although elevation is important 
in Home Bay, the topographic effects on snow distribution are much less evident than in 
Okoa Bay. 

IMPORTANCE OF SU MMIT ELEVATIONS AND AREA ABOVE 600 m FOR GLACIERIZATION 

The various association between summit elevation, area of ice, area of land above 600 m , 
etc. are of interest. Figures 7 and 8 illustrate graphs of these relationships. The rationale for 
choosing the 600 m level was the realization that the elevation appeared as a critical lower 
limit to the occurrence of ice caps within Home Bay. Subjective study of the data pointed to 
the interrelationships of mountain area, elevation, and the presence or absence of ice. Manley 
(1955) has stressed the critical constraint of the summit area on potential glacier location and 
most of the methods for determining the "glaciation limit" (0strem, 1966; Weidick, 1968) are 
based on a similar premise, that is, that the area/elevation value for a particular summit (i.e. 
the shape of the summit) controls glacierization. 

We next examine the data so that changes in elevation with distance are excluded; the 
analysis does not therefore consider climatic or other gradients. 
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Figures 7(a ) and 8 (a ) show the relationship between the area available for glacierization 
(x) and the actual area of ice (y ). T he least-squares equation for Okoa Bay is 

y = 0 .174X - O. 75 3 km 2, (r2 = 60.4%) ( I) 
and for Home Bay is 

(, 2 = 6[.6 % ) 

where ,2 is the coeffici ent of determination (the percentage of the total variance accounted [or 
by the regression equation) . Intercepts on the two graphs are similar but the area of ice in 
relation to the area of land over 600 m 111 Home Bay exceeds that for Okoa Bay by a fac tor 
of 2.8. 
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Fig. 6. H istogram of the frequellcy of occurrence of the different tyjJes of ice mass in Home Bay and Okoa Bay. 

The 'shape' of the mountains can be expressed as a ratio of elevation to area, where the 
area refers to land above 600 m a.s. l. , so that the ratio increases as a mountain becom es more 
and more peaked. One obvious problem with the use o[such a ratio is that it is independent o[ 
the absolute values for elevation and area. Figures 7(b) and 8 (b) show the relationship 
between the "shape" of the mountains and the area of ice. Both graphs show a sharply 
inflected relationship with the area of ice decreasing rapid ly as a function of the "shape" index 
for values greater than 100 X 10- 6 m- I, (i. e. a summit elevation ~ 800 m for an area above 
600 m ~ 8 km2) . 

https://doi.org/10.3189/S0022143000022875 Published online by Cambridge University Press

https://doi.org/10.3189/S0022143000022875


JOURNAL OF GLACIOLOGY 

The analysis is extended by Figures 7(c) and 8 (c). The presence or absence ofglacieriza
tion on a particular mountain is considered to be a function of area of land above 600 m and 
the "shape" ratio. Of particular interest are the combinations of area and shape that impose 
limits on the presence or absence of glacier ice. Figure 7(c) shows that an elevation/area index 
of about 365 X 10- 6 m-I and an area of about 2 km2 is the upper limit for glacierization in 
Home Bay. The limiting elevation, therefore, is 730 m. However, the gradient is very gentle 
in this sector of the graph. Conversely, topography with an index of less than 30 X 10- 6 m-I 
and an area of greater than 25 km2 (i.e. summit elevation ~ 750 m) is always glacierized. 
Similar, but slightly lower limits occur in Okoa Bay (Fig. 8(c)) . Thus, summit elevations on 
either limit are similar and it is the area of the high ground that appears to be critical. 
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Fig. 7. Data on glacierizationfor Home Bay. A: area of glacierization compared with area if land over 600 m a.s.l. B: area 
of ice and the ratio of elevation (m)/area above 600 m a.s.l. (km2). C .. the presence or absence of glacierization in relation 
to area if land over 600 m a.s.l. and the ratio of elevation (m) /area above 600 m a.s.l. (km2). D: the presence or absence of 
glacierization in relation to summit elevation and the area of land over 600 m a.s.l. 

The last two graphs on Figures 7 and 8 illustrate the relationship between summit elevation, 
area of land above 600 m a.s.l. and presence or absence of glacier ice. Considerable spread of 
values occurs and the upper and lower limits of glacierization are not as easily defined as on 
Figures 7(c) and 8 (c). Second-order polynomials are plotted for the with- and without-ice 
condition. Coefficients of determination are low, 33 and 24% respectively, for Home Bay 
although less scatter is observed on Figure 8 and the equivalent coefficients have values of 61 
and 25 %. In both Home and Okoa Bays, summit elevations of 1000 m a.s.l. are generally 
glacierized to some exten t. 
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Quantitative information on the effect of area and summit elevation on the extent (area) 
of ice may be gained by using multiple regression techniques . In the present three-variable 
situation we can plot the data in the form of trend surfaces. The area of ice in the two areas 
has been related to combinations of (a) areas of land above 600 m, (b) elevation/area ratio, 
and (c) summit elevation, but only one combination significantly increased the coefficient of 
determination over the simple two-dimensional analysis. This result was obtained for Okoa 
Bay data relating area of ice (Z ) to land area over 600 m (X ) and summit elevation (r). A 
reduction in the total sum of squares of 7 1.21 % was obtained with 10% of this attributable to 
the addition of the second independent variable. The least-squares equation is: 

where Z is in km2, X in km2 and r is in meters. 
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Fig . 8. Data on glacierizationfor Okoa Bay. A : area of glacieriz ation compared with area of lmld over 600 m a.s.l. B: area 
of ice and the ratio of elevation (m)/area above 600 m as .l. (kmZ ). C: the presence or absence of glacierization in relation 
to area of land over 600 m a.s.l. and the ratio of elevation (m)/area above 600 In a.s.l . (km Z ) . D : the presence or absence of 
glacierization in relation to summit elevation and the area of land over 600 m a.s.l . 

STUDY OF CIRQUE ORIENTATIONS, ELEVATIONS, AND GRADIENTS 

Despite the absence of knowledge on the controls of present forms there have been various 
attempts by glaciologists and geomorphologists to interpret glacial features in a geologic/ 
climatic context. This has happened to a degree with the use of cirque orientations and eleva
tions (reviews of usage are included in Charlesworth (1957) and Flint (1957) )while in some 
cases present and past distributions have been compared (Porter, 1964, for example). 

Recognition of cirques on air photographs is usually easy if they have the mature " arm
chair" appearance. Identification is less easy if the cirques are immature, degraded or partially 
drowned. The parameters measured from the air photographs at each site are listed in 
Table H. There are many specific differences between the cirques in Home Bay and those in 
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Okoa Bay (Figs. 9 and 10). In Home Bay, many cirques are drowned and few, if any, are 
filled by an individual glacier. In several areas a cirque is now partially hidden under the 
cover of an ice field . By comparison there are many more cirques in the Okoa Bay area, ovel" 
half contain glaciers or' ice patches, and none appear to be drowned. These differences further 
e mphasize a significant contrast in both past and present glacierization. 

Cirques in the Okoa Bay area 
Figure 9 shows the orientation and lip elevation of all cirques in the area divided into three 

categories- containing glaciers, containing ice patches, and empty. 
The orientation of the 49 cirques which con tain glaciers (Figure 9 (a )) is res tricted to 

azimuths between 3 10° eastward to 145°. The median orientation lies at 15° although the 
distribution is multimodal with modes at 325°, 30° to 50°, and 135° with slightly over 50 % 
occurring between 3600 and 60°. The cirques range in elevation from 460 m to 1 250 m a.s.l. 
with a m edian elevation of 800 m a.s.l. 

( a) ( b) 

(c) 

Fig. 9. Cirque data for Okoa Bay: A: orientation and elevation oJ cirque floors containing glaciers. B: orientation and elevation 
of cirque floors containing ice patches. C: orientation and elevation oJ all cirque floors in the Okoa Bay mal) area (as defined 
in Figure 3). 
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Cirques with ice patches (Fig. 9 (c)) have a more even orientation distribution and oCCUI
clockwise from 285° to 100°. The elevation of these 37 cirques is slightly more restricted than 
those with glaciers. The lowest recorded elevation is 450 m and the highest I 200 m a. s.l. ; 
about 66 % occur between 600 and 900 m a.s. l. 

It is surprising in view of the extreme climatic conditions of east Baffin Island that out of a 
total of 163 cirques, 77 are unoccupied by glaciers or ice patches . The orientation/elevation 
diagram Figure 9 (c) shows tha t cirques glaciers must have been less restri cted at some time in 
the past. Elevation of these empty cirques ranges from 150 m to I 050 m a .s.l. and they face 
in all directions ; in fact 39% a re oriented toward the south . The predominant direction of 
orientation is still , however, the north-east quadrant (i. e. from 360° to 090°) with 42% of the 
observed distribution . The median elevation is abou t 500 m a .s.l. ; it is noti ceable tha t onl y 
cirques facing sou th-east lie a bove 900 m a .s. l. 

Such diagrams are useful and have been employed by other workers (e.g . Seddon, 1957 ; 
Temple, 1965), but they fail to ta ke into account geographic trends of lip elevation. Such 
trends were analysed from coasta l Labrador (Andrews, 1965[b] ) by grouping the cirques in to 

( a) ( b) 

(.:) 

Fig . 10. Cirque da ta for H ome B ay: A : orientation and elevation of all cirque .floors. B : orientation and elevation of cirquF 
.floors 0 and back walls . in the Nudlllng map area (Fig . 2 , lower right ) . C: orientation and length of glaciers descending 
from ice fie lds or ice caps. 
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classes on the basis of location. Figure 3 presents a more sophisticated approach, based on 
trend surface techniques, similar to that used recently for Tasmania by Peterson and Robinson 
(1969). Table IV lists pertinent facts from the trend surface computations. It was found that 
the trend surfaces of cirques with glaciers and with ice patches are nearly identical, reflecting 
·comparable gradients and orientations of the cirque floor "surface" . Both trends are signifi
cant in a statistical sense. The linear surfaces strike 120° to 300° and dip 030° at 17 m km- I. 
The standard error on the surface for cirques with ice patches is ± 95 m and the maximum 
residual is + 240 m; the respective values for cirques with glaciers are ± I35 and -320 m . 
Figure 9 shows that the gradient of empty cirques facing southward is similar to that of 
occupied cirques but is on the average 200 m lower at any site. The trend is also quite similar 
(Fig. 3) differing by about 5 ° . The standard error is ± ISO m with a maximum residual of 
+ 24om. 

TABLE IV. TREND SURFACE ANALYSIS OF OKOA BAY DATA 

Explained 
Data N variance d.f. F ratio 

% 
All snow banks 166 33·5 2, 163 40 .97 
Empty cirques 77 2S·9 2, 74 15.0 5 
Cirques with ice patches 37 75.0 2, 34 SI.IS 
Cirques with glaciers 49 59·3 2, 46 33·49 
Empty cirques (between S.E. and S.W.) 30 54.0 2, 27 15.85 

All F ratios are significant at the 2.5 % level. 
N = tota l number of cases. 

dJ. = degrees of freedom for the greater and lesser variance estimates, respectively. 
The greater variance estimate here refers to the linear surface, the lesser to 
deviations from that surface. 

F ra tio = greater variance estimate/lesser variance estimate. 

In review, it is apparent that there is a considerable difference in the orientation of cirques 
presently containing ice masses and those which are empty. The range in elevation of the 
cirques, as seen on Figure 9, is in part due to an increase in elevation of the cirque floor surface 
toward a bearing of 2 roo. This trend is linear. It was found that the fitting of higher-order 
surfaces to the data resulted in only small increases in the variance accounted for . The trend 
of the cirque-floor surface is thus nearly parallel to the regional trend of the coast and summit 
surface (Fig. I). 

Cirques in the Home Bay area 
Figure 10 indicates the direction and elevation of all Home Bay cirques. The median 

azimuth of cirque distribution (Fig. ro (a)) is towards 30° and there is a significant lack of 
features between 180° and 270° . Cirque floors are markedly lower than in Okoa Bay with a 
median altitude of 300 m. A large number (22 ) of cirque floors are at present below sea-level 
and this fact highlights the problem of the association between cirque glaciation and erosion 
and the successive glaciations. Unlike their counterparts in Okoa Bay, the Home Bay cirques 
are either totally devoid of glacier ice or, in the case of the Nudlung area (Fig. 2, lower right), 
they are filled with glacier ice that originates from the mountain ice fields, so that it is only 
the form of the ice surface that allows their identification. The absence of individual small 
cirque glaciers around Home Bay is one of the major differences between the two areas. The 
reasons for this contrast are not obvious. 

The distribution of cirques in the Nudlung area of Home Bay (Fig. lo (b)) is similar to 
that in the wider area- cirques are lacking in the south-east quadrant and a number are 
drowned. The development of the features is partly indicated by the heights of their back 
walls which vary from 100 m to 350 m. 
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Trend-surface analyses were performed on the above data for the udlung map (Fig. 2 , 

lower right) and the Ekalugad map (Fig. 2, top). Table V contains the basic information on 
the analyses while Figures 2 and 10 show the results graphically. The statistically significant 
linear trends on the distribution of all cirques and all snow-banks parallel each other over the 
area of the two map units. In the Nudlung area the surfaces dip 30° at IO.7 m km- I, a lesser 
gradient than computed for Okoa Bay. The intersection of the cirque and snow-bed surface 
is not significant in the context of the standard errors. The gradient of the cirque-floor surface 
along Ekalugad Fiord (Fig. I I , Ekalugad map, Fig. 2) is much smaller (6 m km- I) with the 
surface dipping toward I05°. Data for the two maps were run separately and it is noticeable 
that the plotted trends intersect at a sharp angle. Both trends are approximately at right angles 
to the fiords. 

TABLE V. TREND SURFACE ANALYSIS OF H OME BAY DATA 

Explained 
N vartance d.f F ralio 

% 
Nudlung Map 

All cirques 42 56.g8 2, 39 25· 73 
All snow-banks [36 38·7[ 2, 133 41.99 
S.W. snow-banks 40 Ig.83 2, 37 4·57 

Ekalugad Map 
All cirques 36 32.8 2, 33 8 .08 
All snow banks [77 [6. [ 2, '74 16·74 
S.W. snow-banks 27 24·3 2, 24 6.27 

All F ra tios a re significant at the 2.5 % level. 
Symbols as in Table IV . 

I CE- FIELD GLACIERS IN THE HOME BAY AREA 

Many of the large ice fields in the Home Bay area have one or more glaciers descending 
toward sea-level and these relate to a totally different glaciological milieu from that of the 
individual cirque glaciers. 162 glaciers of this type have been identified in the Home Bay area 
from air photographs and map interpretations. Various statistics on length, orientation, 
amount of retreat and elevation of the margins were abstracted. The long axis of the major 
ice fields is strongly controlled by the orientation of the fiords. In the udlung area the ice 
fields trend north-east/south-west whereas in the region of Ekalugad Fiord they are oriented 
east/west (Fig. 2) . A simple hypothesis of glacier distribution as related to topography would 
suggest that in the N udlung area they should descend toward the north-west or south-east, 
whereas in the Ekalugad area they should be directed toward the north or south. Table VI 
lists the observed distributions, while Figure IO ( c) shows the total pattern of glaciers based on 
their direction a nd length. Sixty-six glaciers are directed between north-west and north-east 
compared with 17 between south-east and south-west ; there is no simple topographic reason 
for this anomaly. Glacier lengths, measured from the junction with the main ice field, are less 
in the south-east and south-west quadrants, although because of the range of values there is no 
significant difference between the mean lengths over the four main quadrants. The mean 
glacier length is 2 km, with a maximum of 9.6 km. 

Measurable retreat has been recorded on 30 ( 18.5 % ) of the glaciers. Surprisingly, little 
retreat is recorded for glaciers directed between south-east and south-west and testing by X2 
indicates that the proportion of glaciers that have retreated is not significantly different from 
the expected numbers in the four main orientation sectors (Table VI). T he effect of the broad, 
massive topography in the Ekalugad region is one possible explanation for the more even 
direction of the glaciers there compared with the more dissected Nudlung area. 
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The amount of observable recession from recent terminal moraines (probably 17th to 19th 
century) varies from nil to a maximum of 1 600 m. Approximately 20% of the glaciers show 
measurable recession , that is > 100 m. This rather limited evidence for frontal retreat since a 
maximum within the last 250 years provides a marked contrast with the response of many 
Norwegian and Alpine glaciers within the same period, but accords with recent findings 
elsewhere in the eastern Arctic (Hattersley-Smith, 1969). The mean measured recession for 
the 30 glaciers was 405 ± r80 m with an average recession of 816 m for 6 glaciers in the south
east quadrant and 335 m for 12 glaciers in the north-east quadrant. 
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Small, permanent snow-banks are present throughout both areas in the lee of topographic 
irregularities. Variables measured (Table I ) were elevation and orientation. The lowest 
elevation of extant snow-beds have been used (Manley, 1955, for example) to derive estimates 
of the regional snow-line. Prominent lichen "trim lines" around many of the permanent 
snow-beds in our areas provide clear evidence of their recession in the recent past. In both 
Home and Okoa Bays permanent snow-beds are found down to near sea-level a lthough trend 
surface analyses (Figs. 2 and 3, and Tables IV and V ) indicate that there is an overall increase 
in elevation parallel to the trend of the cirque-floor surface (see also Figure 1 r ). In inland 
reaches of Okoa Bay snow-beds occur, on the average, 400 m below cirques containing active 
glaciers. A study of orientation/elevation diagrams for Home Bay indicates a clear difference 
between the coastal areas and those inland on the plateau. In the latter area the majority of 
snow-beds face south-west whereas in the former area they are oriented toward the north-east, 
as are the Okoa Bay features. These distributions may be the result of well differentiated wind 
flow patterns. Table VII shows that the most frequent wind direction at Dewar Lakes, on the 
inland plateau, is easterly, whereas the prevailing direction at coas tal stations is west or north
west. 
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On the whole, the study of snow-bed distribution does not add a great deal to the investi
gation, largely because these features are more or less ubiquitous given a degree of topographic 
irregu lari ty. 

200 

o 

o 

215 0 

OKOA BAY 

25 

, ,,0 
, , 

'", '\.0 , , 
50 

DISTANCE (km) 

NUDLUNG FIORD 

210 0 

25 50 

DISTANCE (km) 

75 

Projection throu9h trend surfac. :-

All snow banks 

All c irque lips 

Cirqu es with 910ciers 

Empty SE and SW cirqu .. 

NE sno.,bonks 

035 0 
SW anowbonks 

Maximum land elevations 

EKALUGAD FIORD 

o 25 50 75 100 

DISTANCE (k m) 

Fig. 11 . Profiles drawn normal to the linear trend surfaces of Figures 2 and 3 showing snow-banks, cirques with glaciers and 
empty cirques facing south-east and south-west in Okoa Bay , alld snow-banks and cirques with glaciers in Home Bay 
(Nudlung Fiord, Ekalugad Fiord) . 

CLIMATIC CONSIDERATIONS 

Eastern Baffin Island is far from homogeneous climatically, particularly in terms of precipi
tation. Table VII illustrates the decrease in frequency and amount of snowfall northward of 
Cape Dyer. The large totals in the Cumberland Peninsula are evidently related primarily to 
the greater frequency of snowfall rather than to heavier (average) falls. 

The distribution of snowfall amounts would lead one to expect the opposite pattern of 
glacierization in Home Bay and Okoa Bay to that actually observed. Consequently, we must 
consider the likely ablation in the two al·eas. Apart from the measurements made in 1953 on 
the Penny Ice Cap by Orvig (1954) there is no direct evidence on this question and the upland 
ice-cap situation is in any case not directly relevant to the problem under consideration here. 
The number of degree days with a mean daily temperature above o°C was therefore examined. 
Table VII gives the average accumulated totals for 1961- 65 at Broughton Island and Cape 
Dyer. The highest and lowest totals during these 5 years are shown in Table VIII. D ewar 
Lakes is included for comparative purposes. Although there is little difference between the 
highest totals, the lowest value at Cape Dyer is much above that at the other two stations. 
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TAB LE VII. CLIMATIC DATA FOR BAF FIN ISLAND 

Annual 
snowfall· 

cm 

Prevailing and next 
Annual days most frequent wind 
with snow · direction 

(%) 

M elting degree
days above 

o°Ct 

Cape Hooper lat. 68.4° N., long. 66.8° W . 163 
Broughton Island lat. 67.6° N., long. 64.1 ° W. 264 
Cape Dyer lat. 66.6° N., long. 61.6° W . 548 

52 
68 

121 
41 

W . (20), Calm (19)t 
Calm (43), N.W. ('7lt 
N.W. (18) , E. (15H 

3" 
39 1 

Dewar Lakes lat. 68.7° N., long. 71 .2° W . 118 E. (25), S.E. (14)t 

• Ig6~4· 
t Ig61...{;5· 
t 196~6. 

In terms of ablation equivalent only a very crude estimate is possible at present. Pysklywec 
and others (1968) obtained an average daily snow melt of 0.04 inch (water equivalent) per 
day-degree F above 27.6°F ( ~0.18 cm per day-degree C above - 2.6°C) in New Brunswick, 
while the U.S. Army Corps of Engineers (1956) cite values of ~ 0.05 inch per day-degree F 
above 32°F (~0.23 cm per day-degree C above o°C) in the Sierra Nevada. At an elevation of 
300 m on the Sverdrup Glacier, Devon Island, during 1963, Keeler (1964) estimated the much 
higher rate of 0-47 cm (water equivalent) per day-degree C above o°C. Obviously, the figure 
will vary from year to year and place to place but, in view of the fact that the only reasonably 
reliable long-period data in the Arctic are usually temperature records, it seems worthwhile 
seeking empirical relationships of this type as a first estimate of spatial variations in ablation 
amounts. Using a figure of 0.2 cm per day-degree C above o°C, we obtain an ablation 
equivalent of62 cm water equivalent at Broughton Island and 78 cm water equivalent at Cape 
Dyer. Using Keeler's factor, these figures become 146 cm and 181 cm respectively. Both sets 
of estimates considerably exceed the annual snowfall converted to water equivalent (Table 
VII ). A plot of mean monthly temperature against monthly melting (degree days total) for 
Cape Dyer and Broughton Island (not shown) indicates a clearly defined curvilinear relation
ship with negligible scatter over the greater part of the range. Only below 1°C (a monthly 
melting degree-day total ~45 deg) does the fit become less satisfactory, with apparently 
different curves for each station. Using the Broughton Island curve, and assuming a mean 
lapse rate of 0.8 deg/ lOo m (based on temperatures recorded at Inugsuin Fiord and a tem
porary inland station at c. 300 m a.s.l. during June andJuly 1967 (Barry, 1968)) , it is estimated 
that the mean melting degree-day total at 1 000 m elevation is ~ 20 deg, corresponding to 
only ~ 5- 10 cm water equivalent. Since this figure would imply a snow line much lower than 
is observed, it is clear that more specific information is required on temperature conditions in 
the coastal mountains and on ablation- temperature (or preferably ablation- radiation) 
relationships. 

Consequently, there is no clear evidence concerning the relative importance of summer 
ablation and winter snowfall in maintaining the present pattern on glacierization. All that can 
be said is that the northward decrease in ablation appears to be proportionately smaller than 
the decrease in snowfall amount. 

It is of course possible that the coastal stations are very unrepresentative of precipitation 
conditions inland. For example, total precipitation at the head of Ekalugad Fiord between 
4 June and 31 August 1967, was 22.2 cm (Church, 1968) compared with only 7.7 cm at Cape 

TABLE VIII. MELTING DEGREE -DAYS 

Broughton Island 
Cape Dyer 
Dewar Lakes 

M elting degree-days 

423 (1962) 25 1 (1963) 
441 (1962 ) 310 (1964) 
468 ( lg62) 263 ( lg63) 
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Hooper . The bulk of this difference occurred during August. For instance, 3.69 cm of rain 
fell at Ekalugad Fiord on 24- 25 August whi le only 0.23 cm was recorded at Cape Hooper. 
On a day-to-day basis there is no evidence of similarity of precipitation events between the 
coas tal stations. With reference to days with at least 0.025 cm precipitation in September and 
O ctober 196 I - 65, for example, the coeffi cient of association is only 0.69 between Cape Hooper 
and Broughton Island and 0.71 between Broughton Island and Cape Dyer. A figure > 0.90 
is required for some degree of similarity between the stations. The implication is that large
scale, synoptic control of precipitation is possibly less important in this area than might be 
anticipated. However, it may be that local effects mask the synoptic-scale precipitation 
systems through the direct or indirect effects of topography and the extent of open water versus 
sea ice. 

The synoptic patterns typical of cool summer days were examined using an arbitrary 
temperature criterion of mean daily temperature < 2.5°C at Broughton Island. 20 out of a 
total of35 such cases during July 1961 - 65 were associated with a low center in Davis Strait or 

Fig. 12. Nleall sea-level pressure pattern for 13 days with a maximum air lemperalllre > 15°C al Cape Dyer (marked X ), 
1961- 65. 

Ba ffin Bay and a further 5 cases with a low over Baffin Island ; a ll patterns give an easterly 
flow component over the area in question. A further indicator of cool summers is lack of 
sunshine. Sagar (1966) has shown the significance of solar radiation for ablation in Baffin 
Island. H e states that 70 % of the melt on the Barnes Ice Cap during 1962 and almost 100% in 
1963 was due to a bsorbed radiative energy. Selection of days with < 10% of possible bright 
sunshine at Frobisher during June and July 1961 - 65 again show the importance of south
eas terly flow with usually a low center over Hudson Strait (figures not included , see Barry and 
Fogarasi (1968, p. 99- 103)). 

As an indicator of warm summer conditions, a ll cases with a maximum temperature 
~ 15 °C at Cape Dyer during July and August 1961 - 65 were used. The mean sea-level 
pressure pattern for these 13 (non-consecutive) days shows high pressure over the northern 
Labrador Sea and south-westerly fl ow at Cape Dyer (Figure 12 ) . In such a situation fohn 
d escent might occur in the vicinity of the station, a lthough no study of this possibility has yet 
been undertaken. 
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Turning next to some paleoclimatic considerations, we first note that the geomorphological 
evidence indicates that mountain glaciers and ice caps d eveloped in the Home Bay area only 
c. '2 000- 4 000 years ago as the main Laurentide ice shrank and retreated on the western side of 
the east coast mountains (Andrews and others, 1970) . F igure 13 outlines a model of this 
development based on the field evidence. This sequence suggests that when the ice-cap dome 
exceed ed the elevation of the mountain summits the mountains were subject to sheltering with 
respect to moist south-westerly air flows. As the main ice retreated, however, mountain ice 
caps and glaciers could form . Examination of the occurrence of daily snowfalls of > 5 cm at 
Dewar Lakes in September- October 1961 - 65 indeed shows a mean low-pressure center in 
Foxe Basin and south-westerly flow (Fig. 14), so there is some plausibility in this argument. 
If, however, we attempt to apply this idea to the northern part of the Cumberland Peninsula, 
and reason that the small extent of ice in the Okoa Bay area at the present day is caused by 

w Moisture from ---------- ---- - ... 
Southwest 

(0) ABOUT 9 000 YEARS AGO 

Moisture from 
------- ---------~ 

Soulhwest 

(b) ABOUT 4000 YEARS AGO 

E 

0 50 
I I 

Kilo meters 

Developmenl of 

100 , 

Home 
Boy 

Meters 

2000 

10 00 

0 

200 0 

1000 

0 

Line of Sec lion Approximately 6B .7° N. 

Fig. 13 . A modelfor the development cif mountain glaciers and ice caps in the Home Bay area. (Note: the presell t Barnes Ice Cap 
is situated north of the line of section , a/Jproximately lat. 68.7° N .) . 

shel tering effects of the Penny Ice Cap with respect to south-westerly air flow, the case breaks 
down. Figure 15 shows that heavy snowfalls at Broughton Island (> 5 cm/'24 h during 
September- O ctober 196 1- 65) are associated with a low over the D avis Strait area and easterly 
Aow at the coast. A similar picture is obtained for days with > 1 '2 .7 cm (5 in) snowfall at 
Cape Dyer (not shown) . The overall relative importance of south-west and south-east sources 
of accumulation in this and other parts of Baffin Island remains to be determined. T his work 
is in progress at the present time as a continuation of the study referred to earlier by Barry 
and Fogarasi (1968) . 

vVith reference to the data on cirque orientation in the two areas it was noted above that 
there is a general northerly and easterly exposure of cirques occupied by glaciers . T his is not 
obviously related to wind drift since the frequency ofsouth a nd south-west winds is only 8% at 
Broughton Isla nd, 13% at Cape Hooper and 18 % at Cape Dyer. However, m ore information 
on the direction of the dominant winds in winter a nd particularly on the local wind pattern is 
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I 

Fig. 14. Jl1ean sea-LeveL pressure pallemfo,. 13 days w ith snowfaLl > 2 inch (5 cm ) at Dewar Lakes (marked X ), September
October 1961- 65. 

o 
I 

M ile s 500 
I 

fo"ig. 15 . lv/ ean sea-LeveL pressure pattern/or 37 da)'S with snowfall > 2 inch (5 cm ) at B rough toll IsLand (marked X ), September
October 1961- 65 . 
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required. When we consider the distribution of empty cirques in Okoa Bay (Fig. 9) it is notice
able that they are not only lower, but 39% have a southerly orientation. The 200 m lowering 
of the trend surface of cirque elevation (Fig. I I) may reflect a summer temperature decrease 
of I.Oo- I.5°C, or may imply greater summer cloudiness. The former is perhaps more likely 
since the latter would require greater frequency of disturbances, which at the same time would 
be accompanied by more frequent warm, moist air masses in the warm sector of the depres
sions. The effect ofisostatic depression has also to be considered in this context and this factOt
is discussed below. 

It is significant that there is no association between orientation and glacier retreat in the 
Home Bay area. The absence of retreat of south-facing glaciers may reflect the influence of 
drifting and blowing snow with northerly winds, although the latter are not especially frequent 
- 30% from north-west, north and north-east at Broughton Island and 31 % at Cape Hooper. 

DISCUSSION 

The results fail to show any clear and simple relationship between present climate and 
glacierization in these two areas of Baffin Island. In part this may reflect the use of climatic 
data from stations that inadequately represent the glacier environments. Another considera
tion, however, is the lag response of ice bodies to climatic changes (see Bryson and Wendland, 
1967, fig. 70). This response operates over the various time scales shown in Table IX and it 
seems possible that some of the contrast between the two areas reflects differential lag effects 
between the ice fields and ice caps of Home Bay, on the one hand, and the glaciers ofOkoa Bay 
on the other. 

TABLE IX. RELATIONSHIP OF DIFFERENT TIME SCALES OF CLIMATIC CHANGE AND THE RESPO NSE LEVEL OF GLAC IER 

Wave length order 

2 

3 

4 

Approximate time scale Glacier type 
year 

104 to 3 X 104 Laurentide ice sheet, local mountain glaciation as shown by 
abandoned cirques 

IOL I03 Ice caps, fields and cirque glaciers 

30 Ice patch 
1- 10 Snow-bed 

In the scheme of Table IX it is assumed that topography represents an essentially constant 
" platform" on which is imposed the regional climate. Nevertheless, in coastal zones which 
have been subjected to Pleistocene glaciation the present elevation of abandoned cirques 
and other features has to take into consideration the isostatic depression of the land surface 
under the load of the Pleistocene ice sheets. In our area, consideration of theoretical ice-cap 
profiles and probable isostatic depression indicates that elevations were between 200 and 80 m 
lower than today, relative to present sea-level. In the Home Bay area, for example, the sea
level in Cockburn time (c. 8000 B.P. ) was probably still 60 m higher than today. The maxi
mum elevation (790 m) of a lateral moraine system in the area can be used to give a lowel
limit on the equilibrium line of the time. Hence, the snow line inferred from this moraine was 
at least 790 - 60 m = 730 m a.s.l. Today's snow line is considered to be around 650 m from 
field observations and yet there is almost certainly less snow and ice cover at the present time. 
This difference may represent the effect of a lag in response of the Cockburn ice bodies from a 
more severe pre-Cockburn climate, but there is at present no means of testing this hypothesis. 

This study has undoubtedly raised more questions than it has answered and most of the 
answers must be sought in the field. A field study of selected cirques in the Okoa Bay region is 
in fact being undertaken in 1969 and 1970. It is clear that the present-day relationships 
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between the degree of glacierization and the climatic and topographic controls are far from 
being understood. The many paradoxical relationships that have been found and the rather 
negative conclusions emphasize the need for caution on the part of those who attempt to 
interpret past distributions in terms of simple climatic patterns. Many of the interpretations 
that have been made in the realm of glacier- climate inter-relationships would appear from the 
present evidence to be insecurely based. However, in spite of the uncertainties in the interpre
tation of the results, the factual information on the area is considered to provide a valuable 
basis for future investigations. A more extensive application of the techniques used here to 
other areas of the eastern Canadia n Arctic should be very rewarding. 
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