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ABSTR ACT. T he resul ts of the present study support the conclusion tha t the fo rmer ice cover of northern 
Ellesmere Island was very much more ex tensive than the prescnt, a lthough thc age of maximum glacia tion 
is not known. In the Tanqua ry F iord area the concl usion is based on : ba thymetric data indicating con­
sidera ble overdeepening of the fiords; morphology of the main va lleys; and the presence of moraines, erra tics 
a nd glacia l lake deposits at high levels . Tanq uary F iord became frec of glacia l ice at least 6 500 years ago 
a nd peat was forming in the valleys by this time. A long period of ri ver erosion followed the main retreat of 
the ice. Subseq uently, and within the last 4000 years, glaciers advanced to re-occupy V-shaped valleys, 
a nd a t the same time small ice caps were probably regenera ted. I n the last 900 yea rs, however, there has 
been li tt le change in the terminal pos ition of most of the major g lacie rs, which appear to be advancing 
slightly, a lthough in the las t 40 years the side g laciers have reced ed from well-ma rked terminal moraines . 

RESUME. Caraclirisliqlles gLaciaires dll Tallquary Fiord et des regions (Ivoisinanles de L' ElLesmere IsLand nord, N . W. T. 
Les resuftats d e la presente e tude amenent la conclusion suiva nte : la prcm iere couche d e neige d e I'Ellesmere 
Island nord, e ta it beaucoup plus etenduc qu'actuellement , bienque l'age de la g lacia tion maximum ne so it 
pas connu. Dans la region du Tanquary Fiord , la conclusion est fondee sur : les donnees bathymetr iques 
indiquan t une augmentation d e profondcur considerable e t poussee des fiords; la morphologie des va llees 
principales; et la presence de moraines, depots de lacs glaciaires et era tiques sur les hau ts plateaux. Le 
Tanq ua ry Fiord se libera des glaces il y a au m oins 6500 a ns e t, a cette epoque, de la tOUl'be se constitua da ns 
les vallees. Une longue periode d 'erosion Auvia le sui vit la principa le retra ite g lacia ire. Pa r la suite et a u 
COUl'S des d erniers 4 000 ans, les glaciers avancerent pour reoccuper les va llees en V et au meme moment, de 
petites calottes glaciaires furen t probablemcnt regenerees. Duran t les derniers 900 a ns, il y eut cepend ant 
un leger changement dans la position termina le de la plupart d es glaciers pri ncipaux qui paraissent avancer 
q uelque peu bien que dura nt les 40 dernieres a nnees les glaciers su r les co tes s'eIoignerent d es mora ines 
termina les bien marquees. 

ZUSAMMENFASSUNG. Glaziale Erscheillflllgen am Tallquary Fiord wld in dell ongrCll zenden Gehieten des lIordlichen 
ELLesmere Island, N. W . T. Die Ergebnisse der vorliegenden Untersuchung stUtzen die Annahme, dass die 
fruhere E isbed eckung des niirdlichen E llesmere Island weit a usgedehnter war a ls die gegenwartige, obgleich 
die Zeit der sta rksten Vergletscherung nicht bekannt ist. Im Gebie t des Tanquary Fiord grundet sich d ieser 
Schluss auf folgende Beobachtungen: Lotungen, die eine betrachtli che Ubertiefung der Fjorde anzeigen; 
die Morphologie der H aupttaler ; das Vorhandensein von Moranen, Find lingen und glazia len Seeablager­
ungen in hiiheren Lagen . Der Tanquary Fiord wurde vor mindestens 6 500 J a hren frei von G letschereis; zu 
dieser Zeit bilde te sich in den Talern Torf. Auf d en H auptruckgang des E ises folgte eine lange Periode mit 
Flusserosion. Anschliessend und in den letzten 4 000 J a hren stiessen Gletscher vor und erfullten die V-Taler 
(' rneut. Zur g leichen Zeit regeneri crten si ch vermutlich kleine E iska ppen. I n den letz ten 900 J ah ren traten 
nur g leine Sch wankungen in der Endlage d er meisten H a uptgle tscher ein , d ie de rzeit anscheinend langsam 
yorrucken, obgleich in den letz len 40 J ahren die Seitengletscher sich von a usgepragten Endmoranen zuruck­
gezogen ha ben. 

l NTRODUCTION 

From previous work in nOrlhern E llesmere Island it was concluded that the Quaternary 
g laciation produced an ice cover that was mainly protective in the plateau region sou th and 
sou th -west of Alert (Hattersley-Smi th , 196 1 [b] ), while to the west the higher relief and greater 
pre-glacia l dissection allowed the ice to be channel led in its outAow from the inland ice caps, 
wi th the result that great trunk glaciers were formed and the fiords were excavated out of the 
pre-existing river valleys (H attersley-Smith, 196 1 [a] ). It was pointed out that the Quaternary 
g laciation of northern Ellesmere Isla nd can only be seen as a whole. T hus, a lthough there was 
probably more than one glacia l phase, there is no clear evidence of cyclic repetition. T his is 
because critical material , in the form of moraines and glacial outwash deposits, was origina ll y 
deposited off the shore, or has been removed from the valleys by subsequen t glacial and river 
erosion. Nevertheless, on the north coas t the overdeepened fiords, the truncated spurs at the 
side of the fiords , and glacial stri ae at. considerable a ltitudes justify the belief that the former 
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ice cover was nearly complete. There were no doubt nunataks in the general ice cover, 
particularly in the higher parts of the area, for the glaciation was essentially of alpine rather 
than ice-sheet type. 

Very widespread glaciation in the north coastal area was followed by an amelioration of 
climate. As the ice caps thinned and the glaciers receded, the land rebounded with release of 
glacial load ing, and raised beaches were formed up to an altitude of at least 90 m above 
present sea-level (Christie, 1967). By the time of the Climatic Optimum, 4000 to 6 000 years 
ago, there had been substantial withdrawal of glaciers from the coastal region. A deterioration 
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Fig. 1. Bathymetric map of the Nansel! Soundfiord system, showing soundings takenfrom the ice by Defence Research Boardfield 
parties in [963- 64. Pre- [963 soundings arefrom reconnaissance surveys by the United States Coastguard ( /950 ), the U.S. 
Navy (1952) and the Canadian Hydrographic Service (1954- 62) . (Adapted from Chart No . 7077 of the Canadiall 
Hydrographic Service.) 

in climate, following the Climatic Optimum, was accompanied by the formation of ice shelves 
off the north coast, by the advance of glaciers onto raised beaches and into V-shaped valleys, 
by the growth of low ice caps over raised beaches on exposed parts of the coast, and by the 
advance of piedmont glaciers into main valleys causing diversion of drainage (Crary, 1960; 
Hattersley-Smith, 1960). 

Subsequent work by Lyons and Leavitt ( 1961 ) confirmed the general validity of the above 
conclusions and added detail to the sequence of events in the area of Ward Hunt Island off the 
north coast. In the Lake Hazen area, Smith ( 1961 ) also inferred an earlier complete ice cover, 
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with flow of ice predominantly from north to south, and Christie ( 1967) concluded that glacial 
features and deposits demonstrate a general outward movement of ice from the high mountains of 
northern Ellesm ere Island with only a limited incursion of Greenland ice on the eastern shore. 

The present paper is based on reconnaissance fi eld work from Tanquary Camp, the Defence 
R esearch Board 's field station at the head of Tanquary Fiord, since 1963 (Figs. I and 2) . 
The reconnaissance covered most of the ice-free area within a radius of 30 km of the camp 
and included traverses of the four main valleys that converge on the head of the fio rd. Ex­
tended spring traverses for the main purpose of oceanographic work were made over the ice 
throughout Tanquary and Greely Fiords, and Nansen Sound , with digl-essions into Hare , 
Qtto and Emma Fiords; bathymetric data were obtained on these traverses, togethel- with 

Fig . 2. Mal) of the Tanquary Fiord area. (Part o/sheet No . 340-D /llIblisiled bv the Surveys alld Mapping Branch, D epartment 
of Energy, M ines and R esources, CaNada .) 

some information on g lacial and shoreline m orphology, a lthough opportunities for work off 
the ice were restricted . 

After a brief statement of the geological setting, first the fiords of north- western Ellesmere 
I sla nd and then the main valleys a t the head ofTanquary Fiord wi ll be considered in order to 
show the extent of their modification by glaciers. Finally, from glacial features of the Tanquary 
Fiord area, radiocarbon ages of organic material and glaciological data, conclusions will be 
drawn on the course of deglaciation and on recent climatic trends in the area centred on 
Tanquary Fiord. 

BEDROC K GEO LOG Y 

The following brief statement on the bedrock geo logy is based on information kindly 
provided by Dr R . L. Christie (Nassichuk and Christie, in press) . In the Tanquary Fiord area , 
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Upper Palaeozoic and Mesozoic rocks, deposited in the Sverdrup sedimentary basin , overlie 
Lower and Middle Palaeozoic strata of the Franklinian geosyncline. The pre-Carboniferous 
basement strata are represented by the Cape Rawson group of mainly impure sands tones, 
greywackes and shales, which are slightly metamorphosed and tightly folded, with the folds 
overturned to the south. The Cape Rawson strata, with a regional strike from east-north-east 
to west-south-west, are exposed over a very wide area about the head of the fiord. Uplift in 
the area in late Triassic time, bounded by major faults on the south-east at the head of the 
fiord and on the north-west at Yelverton Pass, led to much reduced thicknesses or absence of 
late Palaeozoic and early Triassic formations . Late Palaeozoic and Mesozoic formations are 
present only on the south-east side of the fiord; near the mouth and on the south side of the 
Macdonald valley; between the east side of the Rollrock valley and the Air Force valley; 
and near the head of the north-west valley. The rocks comprise limestone and sandstone of 
Carboniferous and Permian age, Triassic sandstone, Jurassic black shales and Lower 
Cretaceous sandstone. The scarp in Cape Rawson strata on the north-west side of the head of 
the fiord was produced by the south-eastern of the two major faults, which passes inland near 
the tongue of Bent Glacier. In contrast, Triassic sandstones, dipping at about 20° to the 
north-north-west, are exposed along the south-east shore in the upper part of the fiord , 
overlying the Palaeozoic strata that are exposed about 6 km to the south-east. Basalt sills 
and dykes of considerable thickness and lateral ex tent are widespread in the l\1esozoic forma­
tions, particularly in the Upper Triassic sandstone and the Cretaceous sandstone. 

FIORDS OF NORTH-WESTERN ELLESMERE ISLAND, INCLUDING NANSEN SOUND 

The probable development ofNansen Sound and the offlying fiords (Fig. I) from a Tertiary 
river system draining north-westward to the Arctic Ocean was recognized by Fortier and 
Morley (1956). The present paper is not concerned with the structural relations that con­
trolled the course of such a river system, except to point out that the major north-west to 
south-east fault mentioned above controlled the course of the upper 25 km ofTanquary Fiord, 
and to suggest that faulting may have controlled the arcuate sweep of the generally c1iffed 
coast from the mouth of Tanquary Fiord as far north as Jugeborg Fiord (cr. Thorsteinsson 
and Tozer, 1960, p. 18). 

Bathymetry 
Bathymetric data in the fiord system were obtained on cruises by U.S.C.G.C. Eastwind in 

1950, by V.S.S. Edisto in Tansen Sound in 1962, and by C.C.G.S. John A. Macdonald in 
Nansen Sound, Greely and Tanquary Fiords in 1962, and were supplemented by data 
obtained by Defence R esearch Board field parties in 1963 and 1964 (Fig. I). 

Continuous track soundings down the centre of Tanquary Fiord and on a zig-zag course 
back and forth across the fiord over its length indicate the characteristics of a true fiord . The 
sill at the mouth is at a depth of about 165 m and the greatest depth measured within the 
fiord is 305 m. In the upper 25 km of the fiord the bottom falls away more steeply on the 
north-west side where soundings indicate a submerged river channel. The fiord is over­
deepened below sill depth throughout its length, except in the upper IQ km and near the 
tongue of Bent Glacier (Fig. 2). In the latter area maximum depths are close to the sill depth ; 
since Bent Glacier is the only tide-water glacier entering the fiord, it is suggested that deposi­
tion of moraine and glacial outwash have reduced the depths since the main withdrawal of 
glacier ice. It is also significant that the one deep basin within the fiord with depths below 
275 m is centred down-fiord from the junction with McKinley Bay. This could have been 
caused by increased glacial scour where the trunk glacier thickened after junction with 
Chapman Glacier, which drains into McKinley Bay. The constriction and the curve down­
fiord should also have tended to increase the ice thickness. A relatively shallow sounding of 
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73 m half-way up McKinley Bay may possibly be due to infilling of this bay since the with­
drawal of the ice . 

The bathymetry of Greely Fiord is based on a single track of soundings more or less down 
the centre of the fiord (except opposite Canon Fiord) and on a zig-zag track of soundings 
c rossing the central section of the fiord . From the junction of Antoinette Bay with Tanquary 
Fiord depths increase rather irregularly from about 180 m to about 500 m . Off the mouth of 
the unnamed fiord on the south side changes in bottom relief of up to 30 m /km indicate an 
undulating sea floor. From here a central trough (Fig. I ) is developed to a width of at least 
4 km and with depths exceeding 600 m , deepening to 700 m halfway between the unnamed 
fiord and Canon Fiord . It seems likely, although there are no data for confirmation, that this 
trough is continuous into Nansen Sound , and that it widens considerably opposite the mouth 
of Canon Fiord, as might be expected if formerly a large tributary glacier joined a Greely 
Fiord trunk glacier in this area. Soundings suggest that the sides of this trough have dips up 
to at least 12 °, and that changes in relief of the sea floor of the order of 50 m /km may occur 
within the trough. An 800 m deep basin is predicted off Canon Fiord but soundings also 
indicate a medial rise at the mouth of Greely fiord , where depths less than 600 m have been 
rccorded . 

A basin with depths below 800 111 , elongated parallel to the fiord , extends from due north 
of the east side of Eureka Sound to duc nOt-th of the west side of Flat Sound . It lies squarely 
across the mouth of Hare Fiord and is about 50 km long with an average width of about 11 km 
(Fig. I) . Side slopes for the basin are probably similar to those given for the trough . The basin 
occurs at the junction of the fiords and sounds where a great thickening of glacial ice could have 
occurred. North-west of Flat Sound, Nansen Sound widens and the basin shallows out, but the 
trough continues at depths below 700 m until opposite the south side of Otto Fiord (Fig. 3), 
where another deep basin starts with depths below 800 m and in the central part below 900 m 
(Fig. I) . Again it is significant tha t the basin lies across the mouth of a large fiord . It is here 
that the greatest depths in Nansen Sound- a maximum of 920 m- have been measured. 
The existence of these basins in areas of confluence in the fiord system strongly points to glacial 
erosion as their cause. It is noted that depths of water in Nansen Sound are the greatest known 
within the Canadian Arcti c Archipelago (De Leeuw, 1967) . 

For the area between J ugeborg Fiord and Cape Stallworthy no soundings are available, 
but the three soundings taken in J 964 across the mouth of Nansen Sound give no indication 
of a deep-water trough extending out into the Arctic Ocean. Admittedly, these soundings in 
themselves do not prove the non-existence of a narrow trough , but a comparison of oceano­
graphic data from the ice island T3, when it drifted pas t this area in 1955- 56, with data taken 
in Nansen Sound from John A. Macdonald in 1962 makes the existence of a deep trough 
connexion with the Arctic O cean very unlikely (Ford and Hattersley-Smith , 1965) . The same 
data are also incompatible with the presence of a shallow sill , below say 300 m, across the 
mouth ofNansen Sound. The question of the existence ofa deep buried channel at the mouth 
ofNansen Sound must remain open until seismic data are available. Ifsuch does not exist, the 
large amount of material glacially eroded from Nansen Sound must have been deposited out 
on the continental shelf or beyond. The depths of 400- 500 m found in the mouth of Nansen 
Sound are in accordance with the depth of 450 m for the continental shelffound from work on 
T3 (Crary and Goldstein, 1957) . The great width ofNansen Sound suggests drowning of the 
pre-glacial river valley to an unknown extent. In the case of the land bordering Peary 
Channel and the Prince Gustaf Adolf Sea, lying to the west of Axel Heiberg Island, recent 
submergence of at least 400 m is deduced by Pelletier (1966) . As far as can be seen from the 
soundings, the cross-profile of Nansen Sound is broadly U-shaped; near land on the east side 
the bottom falls away at slopes up to at least I 1°. There is the possibility that much of the 
widening of Nansen Sound was accomplished by the lateral erosion of marginal glacial 
rIvers. 
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The great depths in Otto Fiord are seen as the result of erosion by Otto Glacier at the head 
of the fiord, the main western outlet of the extensive ice cap lying north-west of Tanquary 
Fiord and one of the most active glaciers in northern Ellesmere Island at the present time. 
Exceptional activity by this glacier in the past may reasonably be inferred. Flowing down 
from an elevation of [ 800 m above sea-level in a straight valley 35 km long and 4- 6 km wide, 
the glacier made a spectacular 3 km advance between 1950 and 1959, as recorded by all' 

Fig. 3. Nansen Sound and Olto FiordJrom the north-west, showing D egerbols Island (D ) and 0110 Glacier (0 ) . Oblique air 
photograph T41 2L-223 from 6095 m. 16 July 1950. (Courles)' 0.1 Nat ional Air Phol1graphic Library, Depm'/m en l ~f 
Energy, M ines and R esources, Canada, ) 

photographs in those years (Hattersley-Smith , [964), and a continuing surge of 2 km between 
[959 and 1964 (Konecny, [966). With the great depths of water far up the fiord- 502 m 
within 12 km of the present iee front- it seems likely that a small initial advance of the glacier 
from whatever cause was sufficient to trigger the sudden surge, as the glacier beeame free to 

float off, thereby reducing the sliding friction at the base of the glacier to z ~ro. This implies 
fiord depths of about 300 m almost up to the [950 position of the glacier terminus. The many 
icebergs resulting from the surge are thickly congregated in the upper part of the fiord: very 
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few have drifted down-fiord past Degerbols Island (Fig. 3). The existence of a sill at the mouth 
of Otto Fiord must remain in doubt, although a single sounding in the middle here showed 
almost 600 m of water. The depths found in Hare Fiord are from 150 to 200 m less than at 
corresponding points in Otto Fiord, and are also one-half to two-thirds those at corresponding 
points over the length of Tanquary Fiord. This may be attributed to the fact that Hare Fiord 
is unfavourably oriented to channel glacial drainage from the ice caps. 

Surface features 
While the submarine morphology of the fiords constitutes the strongest evidence for the 

passage of large glaciers and widespread glaciation in the Greely Fiord- Nansen Sound area, 
surface features lead to the same general conclusion. The latter evidence is limited at present, 
although much more will no doubt come to light. 

In the upper part of Tanquary Fiord occupation by massive glaciers is clearly indicated 
by at least one major surface feature. The south-east side of the fiord , rising steeply but fairl y 
smoothly to a rolling plateau 600 to I 200 m above sea-level , has been moulded by a glacier 
moving down-fiord from the direction of the Macdonald valley (Fig. 2). The glacier scoured 
a gently doping bench about 300 m wide, extending from 3 km south of Tanquary Camp to a 
point about 5 km south-west of Fishhook Point ; it starts at an elevation of about 350 m and 
fad es out at an elevation of about 60 m above sea-l evel (Fig. 4) . Immediately below the 
bench , the slope of the hillside is convex, then becomes concave at a maximum angle of about 
40°. The bench is cut by the streams of seven ravines, only two of which are glacier-fed, but 
all of which are presumed to have been initiated or rejuvenated by the withdrawal of ice from 
the fiord and the m elting of ice caps to the south-east. In a distance of about 7 km between 
the bench and the present ice caps, a series of valleys and depressions trending parallel to the 
fiord up to an elevation of about 800 m mark the course of marginal drainage channels, which 
were formed as the level of glacier ice in the fiord subsided ; several of them still carry streams. 
Erratic material at the surface of the grey Triassic sandstone in thi s area includes: grey 
limestone, maroon sandstone, basalt and black phyllite, all from rocks not very far distant. 
It was observed that surface material up to an elevation of at least 250 m consisted of sub­
angular pebbles and cobbles, indicating as might be expected re-working of morainic material 
by glacial streams. 

If account is taken of water depths up to 200 m in the upper part of Tanquary Fiord , the 
available evidence suggests a former glacier up to I 000 m in thickness moving down from 
the head of the fiord . If other glaciers in wes tern Ellesmere Island were of similar proportions 
in Pleistocene time, erratic material far-travelled from the east could be expected on the 
shores of Nansen and Eureka Sounds. Previous reports of such material have com e from Schei 
Peninsula and Stor Island . In the former locality, situated on Axel H eiberg I sland direc tl y 
opposite the mouth of Greely Fiord, Rudberg ( 1963) reported errati cs Lip to an elevation of 
400 m resting on gabbro bedrock striated from the south. H e deduced an extensive invasion 
by ice from a centre outside Axel H eiberg Island. On Stor Island, Troelsen (1952) d educed 
that at one time the whole Eureka Sound area was under an ice cover that had its centre or 
centres in eastern Ellesm ere Island. Tozer (Fortier and others, 1963) assumed that Troelsen 
based his conclusion on the occurrence of rounded boulders of gneiss, granite and quartzite 
on the upland surface of eastern Stor Island up to an elevation of over 300 m and on their 
interpretation as of morainic origin. However , Tozer did not exclude the possibility of the 
material being ice-rafted . Farther north near the southern point of the entrance to Ouo 
Fiord (Fig. 3), the present writer found evidence of strong glaciation on the now completely 
ice-free peninsula between Otto and Hare Fiords. The 125 m high hill near the point is 
liberally covered with till and glacial outwash to its summit, and the 175 m hill I km to the 
east also carries till and glacial outwash to its summit, displaying rounded kame-like form s. 
Farther east again , up to a height of nearly 300 m sub-angular boulders, shingle and outwash 

https://doi.org/10.3189/S002214300002075X Published online by Cambridge University Press

https://doi.org/10.3189/S002214300002075X


JOURNAL OF GLACIOLOG Y 

gravel occur. On the plateau near the top of the high vertical cliffs south of the point, at an 
elevation of 355 m , gabbro and red sandstone erratics were found , together with occasional 
water-worn cobbles and boulders. These deposits indicate extensive glaciation such as would 
be associated with glaciers occupying Nansen Sound and Otto Fiord, and with a complete ice 
cover on the peninsu la . 

From the radiocarbon age of a shell sample, collected by the author at an elevation of 
55- 58 m above sea-level at the head of Tanquary Fiord (GSC-373; Lowdon and others, 
1967, p. 194), it is known that the fiord was clear of glacial ice by at least 6 500 years ago. 

Fig. 4. Head of T allquary Fiordfrom the Ilorth-east (Fishhook Poillt, F ). Oblique air photograph T490R-[70fr07ll 6095'11. 
28 July [952. (Courtesy of Natiollal Air Photographic Library, Departmellt of Ellergy, Milles alld Resources, Callada .) 

VALLEYS AT THE HEAD OF TANQUARY FIORD 

There are four main valleys converging on Tanquary Fiord (Fig. 2) : from the north-west 
(referred to as the north-west valley), north (Air Force valley), north-east (R oll rock valley) 
and east (Macdonald valley). With the exception of Air Force valley, which dra ins the central 
ice cap of northern Ellesmere Island , all these valleys are predominantly ice-free right up to 
the divides, although a long their sides glaciers debouch from ice caps and in two cases have 
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moved across valleys. The profiles of all these valleys throughout their length are mal'kedly 
V-shaped, except for the upper part of Macdonald valley, which is box-shaped; the typical 
profile is in contrast to the V -shaped profiles of most tributary valleys in the area, and of valleys 
far-removed from the main ice cover of northern Ellesmere Island, and to the V -shaped profiles 
reported from Axel Heiberg Island (Souther in Fortier and others, 1963; Rudberg, 1963) . 
In certain respects the morphologies of the four valleys differ but all have been modified by the 
passage of great thicknesses of ice. At the same time there are well-developed cirques in the 
area, especially the cirque that forms the basin of Per Ardua Glacier. To what extent we are 
viewing in the present landscape the effects of Wisconsin glaciation or of an earlier glaciation 
is a matter for speculation. 

North-west valley 
If we ignore deep incision by the river, especially in its lower course, the profiles of the 

north-west valley and its tributary arm are classically V-shaped with truncated spurs, and the 
main valley can be said to hang at an elevation of approximately 275 m above the floor of Air 
Force valley (Fig. 5). The recent lowering of sea-level by at least 60 m (Hattersley-Smith and 
Long, 1967) accounts for the incised lower course. 

The V-shaped upper profile of the main arm of the north-west valley rises very gradually 
from an elevation of 275 m at the mouth to 550 m near the divide, where Yelverton Lake, 
about 3 km1 in area, is marginal to a large outlet glacier flowing north into Yelverton Inlet. 
On the north-east side of the river, down-stream from the main fork, the surface is liberally 
covered with till and local bedrock detritus between outwash fans from the valleys below 
cirque glaciers. There are also irregular kame-like deposits of sub-rounded boulders and 
gravel. Signs of former glacial marginal channels are absent on this side of the valley, but on 
the south-west side, where the slopes are also mantled by till and outwash deposits, the 
structure of the east- west striking and steeply dipping Cape Rawson beds has been emphasized 
by the work of marginal channels on the glacial bench that extends out over the Air Force 
River. On both sides of the valley, glaciers have advanced into V -shaped valleys, which 
suggests a long period of fluvial erosion following the main retreat of the ice and prior to a late 
re-advance. 

Headward erosion in the main valley has reached an elevation of about 450 m where the 
river enters its gorge. Below this point three streams draining cirque glaciers have also cut 
considerable gorges. The gorge on the east side, joining the river at an elevation of 225 m, is 
particularly striking; very narrow and sinuous in its lower course with nearly vertical walls up 
to 155 m high, it is cut in the highly folded Cape Rawson beds. At the bottom of the gorge 
there is semi-permanent ice from wind-blown snow fillings, in part covered by rock debris, 
through which the stream has carved a tunnel. Farther up-stream in the main valley, there 
is evidence of a glacial lake or lakes formerly covering a much larger area of the valley than 
now, for the river bank exposes 1.5 to 2 m of fine dark sand, evidently deposited in the still 
waters of a lake that was possibly dammed by an extension of the large piedmont glacier at the 
north-east side. At the present time, Yelverton Lake has a permanent ice cover except at 
the margins in summer. Christie (1963) concluded, from ancient musk-ox bones covered in 
moss and from large boulders on its surface, that the ice is, at least occasionally, in contact with 
the bottom either through freezing or through drainage of the lake. He presumed that the 
surface material had been captured at the bottom of the ice and brought to the surface by 
differential me! ting. 

In the western arm of the valley, head ward erosion and incision right up to the glacier 
front suggest a longer ice-free period than for the main valley. Here, 4 km above the main 
fork, at an elevation of 200 m above sea-level , a 12 m section in a terrace above the river shows 
glacial outwash boulders grading up into shingle, sand and silt layers with some cobbles 
(Fig. 6). The deposits rest on vertically bedded maroon and olive shales of the Cape Rawson 
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group, which have been planed off probably by glacial erosion, and represent a period of heavy 
outwash from receding glaciers, followed by a period of intense down-cutting after lowering 
of base level through isostatic adjustment. Terraces at various levels up to 15 m above the 
river farther down this arm of the valley are the result of similar processes. 

Fig. 5. North -west valley from the south-zast , showing re/verton Lake (Y) and piedmont glacier (P ). Oblique air photograph 
T404R-57.from 6095 m, 16 July 1950. (Courtesy of National Photograpb: Library, Department of Energy, Mines and 
Resources, Canada. ) 

There is a striking alignment of the north-west vall ey with the glacial trough on the south­
east side of the Redrock valley and trending north-west to south-east at an elevation of 350 m , 
via the Omega Lakes and Redrock Glacier, towards the main fork on the Macdonald River 
(Figs. 5 and 10) . It is difficult to postulate any glacial movement that would account for this 
alignment. 

Air Force valley 
The Air Force valley (Fig. 7) is broadly U-shaped but fiat-bottomed where the river makes 

a meandering and braided passage through extensive sandur. Terraces of believed marine 
origin, up to an elevation of60 m above sea-level, occur at least as far as 10 km up-valley from 
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lide water on Tanquary Fiord. Between sea- level and the toe of Air Force Glacier there is a 
difference of elevation of only [25 m in a distance of 23 km, and extensive delta deposits occur 
in the lower part of the valley in the form of terraces or of material re-worked from the terraces 
over a very wide flood plain , which is shared with the north-west and R ollrock rivers. 

As in the north-west valley, intense rock-wasting and solifluction has no doubt obscured or 
destroyed many glacial features on th e valley sides. H owever, at a distance of only 400 m 
from the snout of Air Force Glacier, there are varved layers of sand and silt, with occasional 
lenses of fine gravel, exposed in the ban!<s of small streams now actively eroding the deposits. 
T he ra::liocarbon age of 930 ± [40 years B.P . (GSC-376; Lowdon and others, [967, p . (94) for 
a sample of willow twigs and leaves from a depth of 110- [ 30 cm indicates that for at least 900 
years the glacier has not been in advance of its presen t p osition, although it is now slowly 
advancing, for vegetation occurs right up to the bank of the ice-marginal stream. The deposits 
were laid down in a shallow glacial lake probably impounded by mora ine between the snouts 
of Air Force and Fiala Glaciers. It is significan t that Fiala Glacier has recently withdrawn 
from a 12 m high moraine, composed mainly of large boulders and now being actively eroded 
at its base by the Air Force River; it might well have extended farther across the valley, 
a lthough traces of such an advance would have been d estroyed by the river. At a much higher 
elevation ( [ 100 m ), near the margin of Gilman Glacier north of Lake H azen (Fig. 7), the 

Fig. 6. Section ill. j/uvio-glacial Du/wash, north-west valley, 4 August 1964 . 

present author found plant remains of similar age (965 ± 75 years B.P.; Trautman, 1963) . 
T he conclusion is that 900 years ago the major glaciers were not more extensive than today ; 
this is in keeping with findings from study of d eep ice cores from north Greenland which 
show that present snow accumulation and temperature in A.D. 934 were essentially the same 
as today (Langway, 1967). 

On the south-east sid e of Air Force Glacier, where it sweeps round from the di rection of 
Ekblaw Lake, the cou rse of old marginal streams can be traced up to an elevation of at least 
200 m above the present glacier surface. This higher stand of the glacier may also be asso­
ciated with two m oraines or kame terraces on the east and west sides of the valley at estim ated 
elevations of 120 and 250 m , respectively. That on the east sid e has been cut across by the 
twin valley glacier, 3 km from Air Force Glacier, and that on the west side by three valley 
g laciers. All these glaciers have recently advanced into V -shaped valleys. Surface lowering 
of the ice is a lso demonstrated by features on the west side of Air Force Glacier, where on the 
hillside in the angle formed with Fiala Glacier a series of moraine terraces occurs up to a heigh t 
of 100 m above the marginal stream . Very recent surface lowering is shown by a distinct trim 
line 10 m a bove the stream. Along the ice cliff between Air Force Glacier a nd Ekblaw Lake, 
marginal retreat is indicated by the raised delta deposits on the glacier side of a small glacia l 
lake. 
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Rollrock valley 
This valley is narrower and more sharply entrenched than the two previously considered 

and it lies between the Ad Astra and Viking I ce Caps (Fig. 8) . It runs down from the glacially 
dammed Ekblaw Lake, lying at an elevation of 400 m above sea-level, but it does not drain that 
lake, for there is a height of land at 560 m, 5 km to the south. The valley is likely to have 
served as a glacial spillway for the discharging valley glaciers of the two ice caps, and it may 

Fig. 7. Air Force valleyJrom the west, showing Air Force Glacier (A F ), Ad Astra (AA ) and Viking ( V ) /eeCat)s, Ekblaw Lake 
(E ) and Lake Hazen (H ). Oblique air photograph T409R-185!rom 6095 m, 16 July 1950. (Courtes)' qf National Air 
Photographic L ibrary, Department oJ Energy, Mines and Resollrces, Canada. ) 

also have channelled ice from the extensive south-western part of the central ice cap of Elles­
mere Island. In any case, truncated valley spurs and high-level moraines and kame terraces 
are very well preserved , although the recent history of the valley has been complicated by 
advances of three glaciers from the Viking Ice Cap across the valley, and by the formation of 
the glacially dammed Rollrock Lake. 

A conical pile of unsorted outwash material , rising 6 to 8 m above the flood plain, is a 
curious feature in the middle of the valley, 2 km from its mouth. It is not a moraine but is the 
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result of massive slumping from the north-west side of the valley, originating from a high-level 
moraine terrace. The slumps have pushed up arcuate banks of outwash material and till , of 
which the conical pile is a remnant. 

The present stands of Rollrock, Steeprock and Tumblerock Glaciers evidently result from 
late advances since the main withdrawal of ice from the valley. The morphology of the 
Rollrock and Steeprock piedmonts and their contorted moraine patterns are strongly suggestive 

Fig . 8. R ollrock valley and Viking Ice Caps from the west. Oblique air /Jhotograph T404L-56 from 6095 m, 16 July 1950. 
(Courtesy of Nat ional Air Photographic Library, Department of Energy, Mines alld Resources, Canada. ) 

of glacier surges to which the very steep glacially cut walls of the valley may have been con­
ducive. The catastrophic effec ts of flooding as a result of periodic drainage of Rollrock Lake 
(see below) suggest that peat deposits down-stream are incompatible with a very long period 
of glacial lake regime. It is likely, therefore , that glacier advances in this valley long post-date 
the peat which has a radiocarbon age of6 48o ± 200 years B.P. (SI-468; Hattersley-Smith and 
Long, 1967). The peat was exposed in a 6 m section of the river bank, the top of which was 
78 m above sea-level (Fig. 9) ; 2.5 m of peat and si lt overlie 3.5 m of cross-bedded sand, gravel 

https://doi.org/10.3189/S002214300002075X Published online by Cambridge University Press

https://doi.org/10.3189/S002214300002075X


JO U RNAL OF GLA CIOLOGY 

and shingle with a few boulders, representing a fairly long period of glacial-o twash deposition. 
The high-level moraines at the sides of the valley date from the last major occupation of the 
valley by glaciers, more than 7 000 years ago. 

M acdonald valley 
M acdonald valley in its two m ain branches drains part of the mountainous area between 

T anquary Fiord and Lake Hazen, and also a very extensive plateau area to the east (Fig. 10) . 
The drainage comes mainly from snow run-off and to a lesser extent from glaciers and ice caps. 
Massive glacierization of the valley is indicated by the high-level moraine terrace on the north 
side, which is 50 to 100 m wide. I t starts at an elevation of J 70 m above sea-level ( J 35 m 
above the river), near a small kettl e lake, and rises through 90 m in a distance of 3 km up­
valley benea th a 250 m cliff in Permian and Triassic sandstone, intruded by four basalt sill s 
with an aggregate thi ckness of about 75 m. On the ri ver side, the moraine is piled 3 to 9 m 
higher than on the o ther side, so that there is a narrow ridge of m a teria l at angle of res t a bove 
the river , marking a former ice-contact face. There is also a lower m oraine terrace, 70 m 
wide, with till and large angular blocks at an elevation of 100 m abo e sea-level. Both 

(SNOW BANK ABOVE RIVER) 

PEAT WITH GREY AND 
BUFF SILT LAYERS 
AND FIBROUS PLANT 

MATERIAL 

Fig. 9. Sectioll ill jluvio-giaciai olltwash alld peat ill bank above Rollrock River, 1- May 1966. 

moraines slope down towards the end of the second d elta terrace a t the mouth of the 
M acdonald River. On the south side of the vall ey, moraine terraces are bes t preserved at 
heights of 89 and 137 m above sea-level near the kettle lake, 3 km south-east of Tanquary 
Camp ; the higher terrace is cut by old marginal drainage channels ru ning north-east to 
south-west. The terraces are rimmed by gravel and shingle ridges on the valley side, indicating 
ice-contact faces. Irregular terracing occurs below the 89 m level down to the level of the 
kettle lake at 62 m. The bes t-developed ice-marginal channel occurs at an elevation of about 
400 m above the south side of the valley ; it has been bisec ted by the ravine 2 km south-west 
of Tanquary Camp and no longer carries a stream. 

On the south side of the valley, near the main fork 13 km from the sea , peat was collected 
from an exposure in the river bank at an elevation of 128 m above sea-level. The peat was 
overlain by 4. 3 m of layered silt, sand , gravel and some shingle, with a few thin peaty layers. 
The radiocarbon age of the peat was 4 060 ± 130 years B.P. (GSC-374; Lowdon and others, 
1967, p. 194), thus dating from the end of the Climatic Optimum. Conditions for peat 
formation obtain in northern Ellesmere Island today (Radforth , 1965), and conditions were 
probably more favourable 4 000 years ago. Peat d eposits of similar radiocarbon age, 4 190 ± 
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130 years H.P. (GSC-105), from near the head of Oobloyah Bay to the north of Greely Fiord, 
have been cited as evidence that the nearby piedmont g lacier is now at least as extensive as 
at any time in the last 4 000 years (Dyck and Fyles, 1963, p . 54) . In the pre ent case, it is clear , 
that from the mid-part of the Macdonald valley glaciers had receded by at least 4 000 years 
ago. Peat form a tion in the vall ey-side areas, well-watered by melting snow and side streams, 
was followed by d eposition in river backwaters, and then by down-cutting as the river adjusted 

Fig. 10. Macdollald River from the west, showing Lake H azen (H ), Omega Lakes (0 ), survq station (S ) and lake deposits (L ). 
Oblique air photograph T 409R-178 from 6095 m, 16 July 1950. (Courtesy q{ National Air Photographic Library, 
Dep~lftlllent of Energy, Mines and Resolfces, Canada. ) 

itself to the very rapid uplift of 3.5 m / lOO years that to::lk place between 6500 and 5 000 
years ago (Hattersley-Smith and Long, 1967). The well-developed terraces at three levels at 
the mouth of the river were the result of alternate build-up and dissection during the general 
uplift of the last 6 500 plus years; build-up or dissection was determined by the supply of 
material from the waning ice caps of the period. There was corresponding activity where 
these terraces pass up-river. 
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On the plateau at the head ofthe south-eastern arm of the Macdonald River there appears 
to be glacial drift of two different ages- an older drift with erratics such as red quartzite, 
conglomerate and basalt, belonging to a period of vigorous glaciation with ice movement 
probably fcom the north-east, and a more recent drift which shows up as irregular mounds 
that are light-coloured in the air photographs. The latter appears to overlie the older drift, 
which is more weathered and lichen-covered . The older drift forms the terrain in all valleys, 
while the more recen t drift man ties the sides of the valleys. It is suggested that the newer drift 
dates from a later " M eighen-type" of ice cap (Arnold, 1965), in contrast to a much more 
severe and widespread earlier glaciation. A large log of driftwood, found at an elevation of 
570 m at the head of the Macdonald valley, may be associated with such an earlier glaciation. 
The box-type form of the upper part of the Macdonald valley is compatible with a recent 
pmtective ice cap of the " M eighen-type" over the upper slopes of the hills and the plateau to 
the east, and with a long period of fluvial erosion concentrated in short summers. Because of 
permafrost conditions, a very high proportion of avai lable water form s run-off. Snowfall 
varies from lOO to 200 kg m - 2 year- I according to altitude, but, in summers of strongly 
negative glacier mass balance, run-off may greatly exceed the snow accumulation of catchment 
areas. In all four valleys at the head of Tanquary Fiord, but especially in the Macdonald 
valley, the rivers have played a major role in recent morphological evolu tion. 

I ND ICATORS OF ICE MOVEMENT 

It has frequently been stated that the usual signs of glacial emsion, such as roches moutonnees, 
glacial striae and the like, are lacking in the northern Queen Elizabeth Islands (e.g. Souther 
in Fortier and others, 1963 ; Rudberg, 1963), and this has been attributed to weathering and 
frost action . However, indicators of glacial movement a re by no means lacking in the 
Tanquary Fiord area, wherevel- suitably resistant bedrock is exposed or wherever sufficientl y 
large obstacles have impeded g lacial movement. 

Roches moutonnees 
The most striking roches moutonnees are the two large knolls near the mouth of the Air Force 

vall ey. These unmistakably indicate glacial movement down-valley in an a lmost due south 
( 176° true) direction , as shown by glacial striae. The larger of the two knolls, rising to a height 
of 53 m above sea-level, is situated a bout 2 km south-west of Per Ardua Glacier. Bedrock 
phyllites of the Cape Rawson series are well exposed on the south and south-eas t sides of the 
knoll, where there is a clear marine-cut notch at an elevation of about 40 m above sea-level. 
On the other sides, marine silts are held up against the bedrock, and good sections in the silts 
are exposed. The top of the knoll is lightly covered with marine silts, with some fluvio-glacial 
shingle and boulders, wh ich also occur around the sides. The other roche moutonnee is 3 km up­
vall ey from the latter a nd reaches an elevation of 98 m at its highest point ; it is a lso formed in 
Cape Rawson bedrock which is here greywacke. It di splays broad very well-developed glacial 
grooving, giving the direction of ice movem ent. 

Glacial striae 
Apart from the examples already cited, glacial striae were observed in several other 

localities in Triassic sandstone, which favours good preservation. Thus on the east side of Air 
Force G lacier, at an elevation of 290 m above sea-level or about 165 m above the toe of the 
glacier, a glacial pavem ent is very well preserved on a moraine terrace, about 100 m wide and 
sloping at 10° towards the valley. Striations and chattermarks give the direction of movement 
along the line of the valley. The pavement is partly covered by unsorted deposits ranging 
from silts to large water-worn boulders (Fig. I I ) . 

On the south-east side of the head of Tanquary Fiord there are excellent examples of 
g lacial pavements and glacial striae, also pl-eserved in Triassic sandstone. Near the ravine 
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2 km south- west of the camp, at a minimum elevation of 170 m, glacial striae occur in the 
horizontal plane, trend ing approximately 230° true. H ere, an erratic boulder of basalt was 
seen resting on a pavement of sha llow polished swales of about I m amplitude. G lacial pave­
ments a re also well-developed in association with the moraine terraces on the hillside above the 
kettle lake at a height of I 37 m , a nd glacia l striae a re well seen in sandstone 3 km to the south­
west of the camp and 7 m above sea-level. All these features indicate glacier movement down­
fiord. 

On the north side of the Macdonald River, glacia l striae at higher levels are found . Thus, 
on the ridge south- west of the survey station (Figs. 2 and 10), glacial striae and chattermarks 
indicating due wes t ice movement occur at an elevation of 570 m, and a glacia l pavem ent with 
errati cs occurs at 5 I 0 m . At an elevat ion of 775 m , there were fluvi o-glacia l erratics of gravel, 

Fig . 11 . GLaciaL pavement near the tOllgue o.f Air Force Glacier, 4 August 1965 . 

shingle and water-worn cobbles, with large blocks of grey and olive sha le, chloritic quartz and 
quartzite of the Cape Rawson group, and basalt resting on Triassic sandstone, dipping at an 
angle of about 20 ° . On the north side of the hill , the highest en"ati cs were found at an elevation 
of 840 m near the top of the hill . T hese observations indicate considerable inundation by 
glacia l ice. Simila rly, on the south side of the Macdonald valley, high on the ridge above 
Tanquary Camp, there are large, rounded erratic boulders of basalt and limestone at an 
elevation of 505 m , and a striated glacial pavement at 425 m. 

GLACIAL LAKES 

In flying over north-wes tern Ellesmere Island, the observer is struck by the number of 
glacial lakes, most of which are well shown on the I : 250000 maps. In general, these lakes 
are of two types: (a ) those formed in a main valley by the advance of a glacier or g laciers 
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a cross the valley, a nd (b) those formed strictly marginal to a glacier where it blocks off an 
ice-free or partly ice-free tributary valley, or where it has receded from the valley wall. 
Although there have been a number of recent references to glacial lakes in the Arctic (e .g. 
Weidick, [963; Helk, [966; Maag, unpublished), perhaps not enough attention has been given 
to their significance or otherwise as climatic indicators and to their importance in the geo­
morphological cycle. H elk ( [ 966) in particular referred to the lack of knowledge of these 
phenomena, and drew attention to the chance discovery during the course of aerial mapping 
of a very large glacial lake in south-west Greenland, and discussed the problem of its periodic 
drainage. 

It is characteristi c of glacial lakes to show sudden and rapid changes in level and extent, 
accordirg to fluctuations of the confining glaciers. In fact, in north-western Ellesmere Island 
a ll the lak es that have been observed on the ground or from the air show strand lines well above 
present levels. Thus, two lakes in the main valley 20 to 40 km from the head of Emma Fiord 
(Fig. I) , each about [0 km' in area, showed o ld strand lines from [5 to 50 m (estimated) above 
the water-level of mid-J uly 1963. And a small marginal lake on the west side of Chapman 
Glacier showed an old strand line about [0 m above water-level on the same date. T o the 
north of Lake Hazen (Fig. 7), on the east side of H enrietta Nesmith Glacier, 6 km from the 
terminus, Smith ( [961 ) described a marginal lake with strand lines up to 37 m above the lake 
level of July [958, or approximately level with the then surface of the glacier. His observations 
led him to deduce very recent thinning of the g lacier. 

In the Tanquary Fiord area we are particularly concerned with two vel"y large lakes, 
Ekblaw Lake and Lake Tuborg, and with the smaller Rollrock Lake, all of type (a ) above. 

Ekblaw Lake 
Ekblaw Lake, situated at an elevation of 402 m above sea-level at the head of the Lcwis 

River, has an area of 25 to 30 km '; it is held back by the lobes of Scyll a and C harybdis 
G laciers coming from the south-wes t and north-eas t sides of the valley, respectively, so that 
their snouts are contiguous (Figs. 7 and 8) . The Lewis River has carved an ice gorge where 
the two lobes join. The depth of this gorge is not known beyond the fact that it is at least 
20 m ; nor is it known whether it is cut through to the glacier soles. 

The bathymetry of Ekblaw Lake is a lso unknown, except for a single sounding in 68 m 
near the middle of the lake abou t ha lfway along its length (personal communication from A. 
Long, 1967) . The mouths of three streams, one on the north side and two on the south side, 
are noti ceably drowned where they broaden out over what are now submerged outwash fans. 
Maximum drowning occurs on the north side and amounts laterall y to 300- 400 m , which on 
geomorphological g rounds is consistent with a lake depth not exceeding [00 m . The two 
streams on the south side have incised deeply into soft sediments of Jurassic age. The lake has, 
however, been much deeper, as shown by a high stra nd line at an elevation of about 43 m 
a bove present lake level , according to rough levelling. This strand line is bes t seen at the west 
end of the lake, where there is a pronounced lichen trim line at the surface of the Triassic 
sandstone, very clearly seen both on the ground and in the air photographs; the sandstone 
is a lighter shade of brown below the trimline. Elsewhere the trim line is shown by the sparsity 
of vegetation below it; there are no clearly defined raised-beach lines at lower levels. The 
elevation of the trimline is about 1 [5 m below the height of land at the head of Rollrock 
valley, and there is no evidence that the lake ever drained down thi s valley. Near the west end 
of the lake there was a recent ice-pushed ridge at an elevation of abou t 15 m above the lake 
level of5 August 1965, and indications of several recent lake stands below the 15 m level. The 
lake level, as might be expected , rises rapidly in mid-summer with the inflow of melt water 
from the glaciers and falls gradually in late summer and autumn. Thus, near the edge of the 
lake on the above date , Arctic poppies were in flower while submerged in [5 cm of water , 
and grass was also visible on the bottom of the lake in water 1 m or more deep . Evidently the 
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lake is well up to or perhaps very slightly above its mean level of recent decades. The air 
photographs give no indication of AuJeis in the valley below Scylla and Charybdis Glaciers, 
and such was not observed on a foot reconnaissance, so there appears to have been no very 
recent histOl'y of catastrophic drainage involving flow of water during the winter. 

There is no information on when Scylla and Charybdis Glaciers-either independently or 
together- advanced across the valley, but on general grounds it is likely to have been an event 
of the last few thousand years or even few centuries. (A good example of possible incipient 
damming of this kind can be seen in a valley near the head of Emma Fiord where two glacier 
tongues are separated by only a few hundred metres of bare ground. ) Except at the medial 
gorge, the ice cliffs rise up to 40 m above lake level. A good deal of subglacial and englacial 
debris may have been involved in the original damming process, but it is necessary to postulate 
a g lacier surface about 20 m higher in the m edial section for the lake level of the 43 m strand 
line to have been possibl e. Evidently the lake stayed at this level long enough (it may have 
been only a few years) to des troy the submerged li chen and plant growth, which has still not 
recovered. Once a channel could be cut, perhaps partly by supraglacial outlet streams and 
part ly by melting and calving at the ice front , the lake wou ld drain rapidly. The recession 
represented by the recent exposure of a 100 m wide strip of bedrock on the north side of the 
lake may have been enough to trigge r the lowering of lake level. Conversely, only minor 
advances of the g laciers could again cause the lake leve l to rise; no major climatic fluctuations 
need be involved. It may be possible to obtain data on the age of the lake by sampling organic 
material (including peat and remains of land plants) from the lake bottom for radiocarbon 
dating. 

The former direction of ice movement in the vall ey now occupied by Ekblaw Lake was 
west- eas t a long the valley, as shown by glacial striae on the knolls formed by basalt sill s neal' 
two ket tl e lakes halfway along the south side of the lake at an elevation of about 500 m. 

RoLlrock Lake 
Rollrock Lake is about 5.5 km long and less than I km wide, and is situated near the head 

of the Rollrock vall ey (Fig. 8) ; the long profile of the va lley, based on an al timeter traverse in 
1963, is g iven in Fig. 12. At the time of this traverse the elevation of the lake above sea-level 

~ ROCK 

~ Gl .Q CI(R 

~ LAP(E 

fORMER LA KE LEVH 

KILOMETRES 

Fig . 1 2 . LOllgi/udillal profile of RoLLrock vaLLey, fro:1I sea-level al Ihe head of T allqllary Fiord 10 Ekblaw Lake, based 011 ill! 

aUimeler Ira verse ill July 1963. 

was about 385 m, and the elevation of the highest part of the Rollrock Glacier piedmont that 
dams it was 475 m. Extrapolation of the bedrock profile of the valley upwards shows that the 
g lacier has a thickness of not more than 200 m. Accord ing to measuremen ts at the ice barrier 
in 1965, the depth of water was 87 m (personal communication from J. E. K eys), and near the 
middle of the lake in 1967 a single sounding was made in 5 I m (personal communication from 
A. Long). 

The terrain on the two sides of the lake is strikingly dissimilar. On the east side, in the 
southern section as far north as the small glacier , the shoreline is composed of scree and moraine 
lying at angle of rest; north of the glacier tongue, bedrock of massive brown Triassic sandstone 
is exposed, dipping north at an angle of about 32°. The west side follows the faulted contact 
of Upper Jurassic shale and Lower Cretaceous sandstone with rocks of the Cape Rawson 
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group; the sha les are exposed on moderate slopes for a few hundred metres above shore. A 
lichen trimline, representing a recent high strand level of the lake, is strikingly displayed in the 
air photographs and on the ground, on the east side, but it is less noticeable on the west side. 
In July 1963, this strand line was at an elevation of 52 m above the level of the lake (Fig. 12), 
but there have been seasonal oscillations of lake level since then. 

At the northern end of the lake, sands and si lts occur in the form of d elta terraces rising 
about 20 m above lake-level. The deposits, wh ich contain small pieces of drift coa l from the 
Triassic sandstone and sticks of drift willow, indicate stands of the lake over a number of 
years at the various levels. On the west side of the lake, the principal stream draining a 
glacier from the Ad Astra Ice Cap has formed about eight delta terraces up to an es timated 
30 m above la\e-level. Evidently in the past, as at present, there have been frequent changes of 
lake level. One such change in lake level undoubtedly occurred in 1965- 66. I t is beli eved that 

Fig. 13. Aufeis ill RolLrock valley, 16 J une 1967. 

the la ke began a heavy discharge in late July 1965, when it was noted that the flood plain a t 
the mouth of the Rollrock River showed unusually large areas of water and when extensive 
erosion of peat bogs on the east side of the flood plain is known to have occurred . Drainage of 
the lake evidently continued slowly long into the freeze-up period in late autumn and early 
winter , because in the 1966 summer U. Embacher (personal communication) reported a 
massive development of Aufeis below the Rollrock Glacier snout (Fig. 8). The Aufeis reached a 
thickness of 6 m in places and large quantities of gravel had been d eposited on its surface 
(Fig. 13); no Aufeis was seen in this valley prior to 1966. Between the spring of 1965 and the 
summer of 1966 the level of Rollrock Lake had fall en by 25 m. 

It seems likely that the drainage of R ollrock Lake and the resulting ice flood is controlled 
by the activity of the marginal stream on the west side and by calving a long the ice front of 
Rollrock Glacier. The critical point is probably where the glacier tongue from the west side 
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impinges on this ice front. It is possible that the larger g lacier riding up over the smaller one 
is the immediate trigger for a release of water. Once started, the surge of water sweeps away 
d ebris and rapidly enlarges drainage channels. At any rate there is no evidence of subglacial 
drainage, or of the stream tunnelling its way out owing to creep of the ice under hydrostatic 
pressure at the barrier in the manner put forward by Glen (1954), Indeed the depth of water, 
87 m (admittedly from one sounding only), at the ice barrier would not, according to Glen , 
be great enough for this to occur, although it may perhaps occur in certain glacial lakes in 
south Greenland (Weidick, 1963). Nor is it possible that the glacier, 200 m thick, is float ed off, 
except perhaps very locally along marginal crevasses. The erosion and movement of material 
down-stream and the rapid changes caused in the drainage channels are processes of consider­
able geomorphological importance. 

Rises in the level of the lake could be caused from time to time by Rollrock Glacier and the 
small glacier at the south-west corner of the lake advancing. Both these glaciers send a limited 
number of icebergs into the lake. 

Lake Tuborg 
Lake Tuborg is situated at the head of Antoinette Bay, the central arm of Greely Fiord 

(Fig. 14) ' The lake, which is the natural extension of the fiord, is held back by a large tide­
water g lacier , flowing northward from the M er de G lace Agassiz to the south-eas t ; it occupies 
a wide deep valley enclosed on either side by mountains in the Cape Rawson group, which rise 
very steeply from the lake to a height of more than 700 m. The lake is 20 km long and in its 
western two-thirds averages 3 km in width, narrowing to about I km in its eastern one-third . 
I t receives the drainage from an area of about 400 km ' of the plateau to the north in d eeply 
incised V-shaped valleys, the drainage from the large glacier at its eas tern end , and the 
drainage from an area of about 300 km' on the south side, where the streams are glacier-fed 
from the Mer de Glace Agassiz. The glacier at the eastern end occasionally calves small 
icebergs into the lake. 

The lake is approximately 9 m above sea-level, and thi s precludes any present connexion 
with fiord water beneath the glacier , whose tongue appears for the most part to be grounded 
below sea-level. The level of the lake is not an indication of land uplift, for it is strictly 
controlled by the glacier and associated moraine dam, which permits only a limited drainage 
down the marginal stream on the north side of the ice front. On the other hand, the two major 
rivers flowing into the lake, one on the north and one on the south sid e, have formed the 
terraced deltas characteristic of the mouths of all major rivers in north-western Ellesm ere 
Island. There are four main terrace levels above the lake, up to an elevation of 87 m above 
sea-level , which is also the level of the highest delta terrace of the Macdonald River at the 
head of Tanquary Fiord (Hattersley-Smith and Long, 1967); the lowest terrace is at an 
elevation of 2 I m. Marine shells (Hiatella arctica) were found at an elevation of about 38 m 
above sea-level near the delta on the north side of the lake. At the eas tern end of the lake on 
the north side, marine silts form a barren area of mud flats with scattered angular rocks and 
pebbles, extending for about 2 km along the shore and rising to an elevation of 33 m above 
sea-level (24 m above lake-level) . The rocks and pebbles are clearly ice-rafted either by sea 
ice or by icebergs (Fig. 15) . A similar area occurs just south ofTanquary Camp and rises to a 
similar level. It is assumed that these deposits represent a raised marine rather than lake 
beach, and it is also concluded that the delta terraces relate to the time before the lake was cut 
off from the sea. 

The limnology of the lake is of particular interest, since below a d epth of about 50 m the 
fresh water rests on a layer of sea-water of salinity 25%0 (Hattersley-Smith and Serson , 1964); 
the greatest depth measured near the centre of the lake was 130 m (personal communication 
from A. Long, 1967) . It is assumed that the lake resulted entirely from damming by the 
glacier at the west end, which in the process entrapped the sea-water and with it the relict 
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plankton fauna described by Bowman and Long (1968) . From the rad iocarbon age of 
bicarbonate in the sea-water, the advance of the glacier occurred about 3 000 years ago 
(Long, 1967) at a time when the sea-level was about 7 m higher , according to a post-glacial 
uplift curve for Tanquary Fiord (Hattersley-Smith and Long, 1967). Since the lake is now 
about 9 m above sea-level, the water is very close to its original level before it was cu t off from 
the fiord. This agrees with the assumption above that the beach deposits and delta terraces 
were formed under marine conditions. 

Fig. 14. Lake TllborgJrom the west, showing the unnamed glacier at the head oJ Antoinette Bay that retains the lake. Oblique 
air photograph T404L-78from 6095 Ill, 16 July 1950. (Courtesy oJ National Air Photographic Library, Department of 
Energy, Mines and Resources, Canada. ) 

Observations show that the top of the saline layer in the lake lies about 40 m below present 
sea-level. Two possible explanations for the depth of the saline layer come to mind: ( I) the 
fresh-water layer has undergone a slow process of mixing with the sea-water, or (2) there has 
been some mechanism by which the sea-water has been able to escape beneath the ice barrier. 
If the glacier floated off from time to time after the lake had fi lled up above sea-level, then the 
heavier sea-water could flow out beneath the glacier, until hydrostatic pressure on either side 
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of the barrier was equalized. If the glacier then went aground again , the lake would start 
refilling with fresh water; in this way fresh water would be accumulated a t the expense of sea­
water to the level controlled by the marginal outlet. To floa t the glacier off, it would be 
necessary, however , to postulate thinning of the tongue either through a prolonged period of 
heavy ablation or through surging and the thinning that accompanies thi s process. There is 
some evidence that the glacier is at present undergoing a minor surge. Certainly, since the 
author first visited Lake Tuborg in 1963, there has been a marked increase in the activity of the 
glacier, which has forced its way nearer to the north wall of the valley and has in part fl oated 
off at the seaward margin. This activity has been responsible for considerable disruption and 
buckling of the sea ice near the ice front. I t has also caused gushers of sea-water to be thrust 
up several metres above sea-level in the narrow pass between the glacier and the vall ey wall , 

Fig. 15. Skid-tracks made by all iceberg 011 the seasonally flooded margill of Lake Tuborg, 1 J Ulle 1963 . 

where the glacier is over-riding dead ice covered by very fresh -looking moraine of a recent 
recession . Such movement of the g lacier might in itse lf open up a channel through which 
water from the lake could drain , assisted possibly by fl otation of part of the ice mass. 

While there is no ready explanation for the level of the saline layer in the lake, it is clear 
that the lake at the present time is close to its highes t level, for no lake storm beaches or strand 
lines occur at a n elevation of more than 2.5 m above the la ke. 

GLACIAL LAKE D EPOSITS 

Two series of glacial lake d eposits were examined in the Tanquary Fiord area- one in an 
upland valley between R edrock Glacier and the Macdonald River, and the other in a river 
valley on the north shore of Tanquary Fiord opposite Cape G leason . A third series near Lake 
Tuborg was also examined. They record the onset of waning glacial conditions when glacier 
ice still occupied at least the upper ends of Tanquary and Greeiy Fiords. 
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Redrock Glacier deposits 

These deposits are situated in the drainage area from the Viking Ice Cap and they occupy 
a river valley trending south into the Macdonald valley; the river carries the melt water from 
R edrock and Cleaves Glaciers. At an elevation of 290- 315 m above sea-level, up to 22 m of 
varve clays are exposed over an area of rather less than 1 km>, where they are being heavily 
eroded by the river (Fig. 10) . The deposits, which are horizontally bedded and reddish in 
colour from the red Permo-Carboniferous sandstone and conglomerate exposed higher up, 
mark the site of a glacially dammed lake formed at a time when the Macdonald valley was 
occupied by a glacier. A few ice-rafted pebbles and boulders rest on the eroded surface of the 
varve clays and they can also be seen embedded in the section. The lake was drained by a 
deeply incised hanging valley, which falls through about 300 m to the Macdonald River. 
Level terraces on either side of the hanging valley at an elevation of320 m show sections in silts 
overlain by greyish shingle and gravel. Drainage of the lake no doubt took place rapidly with 
the withdrawal of the ice from the main valley, but the deposits themselves probably represent 
lake sedimentation over at least many hundred years. 

Valley deposits opposite Cape Gleason 

These deposits occur at an approximate elevation of 75 m above sea-level in the valley 
of the river which forms the delta on the west side of Tanquary Fiord, 4 km north-west of 
Cape Gleason (Fig. I). A section is well-exposed in the west bank of the river for severa l 
hundred metres, about 2 km from the mouth. The section showed about 6 m of buff-olive varve 
clays and silts, exhibiting cross-bedding, overlain by 1.5- 2 m of boulders, shingle and gravel , 
with 1.5 m of silt and sand at the surface. The section, which is being heavily eroded by the 
river, wedges out down-stream where the valley deposits consist only of boulders, shingle and 
gravel. The varve sediments were laid down in a glacial lake marginal to a glacier occupying 
Tanquary Fiord in a period more than 7 000 years ago, when sea-level was about 60 m higher 
than today (Hattersley-Smith and Long, 1967). Subsequent withdrawal of the ice and deposi­
tion of coarse glacial outwash, followed by silt and sand, terminated the glacial lake episode. 
Subsequent rebound of the land, as the glacier and ice caps receded, led to down-cutting of 
the deposits by the river. 

Lake Tuborg deposits 

There is evidence of a late glacial stand preserved on the north shore of the lake, 6 km 
from the glacier at the east end. Well-preserved varve clay deposits occur at the site ofa former 
kettle lake, which was held back by a moraine to the south-east, I km east of the main delta 
on the north shore (Fig. 14). The base of these varve clays is at an elevation of 43 m above 
sea-level (34 m above lake-level ), which is well below the marine limit as shown by the delta 
terraces. The exposure was 8- 10 m in thickness in buff and grey clays, rising about 3 m above 
the holding moraine. Clearly, the kettle lake was an ice-marginal feature of the glacier 
occupying at least the upper part of Lake Tuborg after isostatic adjustment had started or 
within the last 6500 years (Hattersley-Smith and Long, 1967). The varves were seen to 
average 1- 3 cm in thickness and to be flat-lying apart from occasional slumping. Some 
fragments of rock, including a flat , '20 cm long piece of Cape Rawson phyllite, presumably 
ice-rafted, were bedded with the varves. The d eposits represent a minimum of about 400 
years' accumulation. 

A glacial advance, possibly contemporary with the varve deposits, is represented by a 
moraine terrace off the glacier at the east end of the lake. This terrace rises 12 m above the 
marginal river, which has exposed a 6 m section in silts and sands, overlain by 2 m of till 
and underlain by planed-off bedrock of the Cape Rawson series. 
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R ECEN T MORA INES 

It has been seen a bove that one of the major g laciers in the a rea, Ai r Force Glacier, is vel'y 
close to its maximum advance of the last 900 years; the sam e is probably true ofGilman G lacier 
(Hattersley-Smith, 196 1 Cb] ), H enrietta Nesmith Glacier (Smith , 196 1) and other major 
g laciers in northern Ellesmere Island. On the other hand , a ll the side g laciers of the Tanquary 
F iord a rea have distinct terminal moraines separated from the ice by up to 300 m of bare 
gmund . 

A piedmont g lacier, 530 m above sea-l evel , on the north-east side of the north-wes t valley 
provides an excel lent example of very recent recession (Fig. 5) . The g lacier ends in a steep, 
in places vert ical, cliff up to IS m high, from which calving occasiona lly occurs. T he g lacier 
is flanked by a moraine that extends for about 100 m from the fmnta l part of the piedmont 
and narmws out at an elevation of 900- 1 000 m , where the piedmont debouches from the ice 
cap to the north-east. The moraine has a very recent appearance and it consists of angular 
and sub-angu la r' m atel'ial ranging fmm pebbles to very la rge blocks (up to 15 m 3 in size) , most 
of which have slid down from the ice fron t. T he materia l is brown sandstone and basalt, and 
it is devoid of li chens. Lichen-covered , sub-angular and rounded boulders and till form the 
surface in front of and a lso underlie the moraine. It was noted that, within the moraine 
limi ts, patches of the older drift had the li chen cover less well-developed than outside the 
moraine, and i t was coneluded that the material had recently been uncovered by the g lacier. 
Between the ice and the moraine limit some mosses had established themselves, and a few 
flowering p lants (main ly Arctic p oppies) were g rowing sparsely. T he gmund outside the 
moraine was norma lly vegetated. The glacier on the north-east side of Ye Iv er ton Lake shows a 
similar recession of 80 to 100 m , where a d eep melt-water gorge fmm the ice front dra ins into 
the lake. 

G laciers in the R ollrock a nd Air Force valleys also provide excell ent examples of recent 
recession. The moraine around the snout of T umblerock G lacier rises to a heigh t of 18 m 
a bove the surface of the older drift at i ts ou ter edge, which is a pproximately 140 m from the ice 
front. Large debris cones occur near the ice front and it is clear that these are the ice-cored 
spill heaps of supraglacia l streams (Fig. 16) . The largest of these rises 8 m above the res t of 
the moraine and is opposite the large glacier melt stream that a lmost certainly deposited the 
debri s. In the first 100 m from the ice front, recent morainic material completely masks the 
old surface, but in the outer 40 m the old surface with growing saxifrage and willow shows 
through in gaps in the moraine cover. T his vegetation appears to have been continuous since 
before the moraine was formed ; only part of it has been des troyed by large erratic boulders 
rolling and sliding off the steep terminal ice ramp. Some of the erratics are 8 m 3 or more in 
size, a nd most are of yellow T ri assic sandstone. Between 30 and 100 m from the ice fron t a few 
Arctic poppies and mosses have succeeded in co lonizing since the recession of the ice. 

Simila r termina l recession is typical of the side glaciers in the area. Because of the virtua l 
a bsence of lichens and the very sparse colonization by fl owering p lants and mosses between the 
ice ramps and the moraine edges, it is concluded that the ground has been uncovered within 
the last few decades. T he undifferentiated nature of the ti ll outside the moraines suggests that 
recession took place after a pmlonged period of glacier advance and terminal stability. It has 
been suggested that mean summer temperatures may have been I to 2°C higher in the period 
1925- 61 , for deep-pit and firn -core studies at an elevation of I 800 m on the central ice cap of 
northern El lesmere Island show a much greater frequency a nd significance of ice layers in the 
firn stratigraphy of this period than for m any previous decades (Hattersley-Smith, 1963) . 
Insolation effects are great, and ablation is consequently very high, on the steep terminal 
ramps of the smaller glaciers (Adams, 1966) . These terminal areas are therefore particularly 
susceptible to small m ean temperature changes in the months of July and August. In parti­
cular, such changes in temperature can determine whether precipitation falls as snow which 
inhibits ablation or as rain which greatly promotes ablation. It seems reasonable therefore to 
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conclude that the recession of these glaciers from their terminal moraines has occurred since 
about 1925. This situation could easily be reversed , and indeed there is evidence from pit 
studies on the central ice cap in 1967 that the summers 1963- 66 have been the coolest sequence 
of summers since before 1925, since the firn stratigraphy shows only minor m elt features. In 
this period the ice caps on the plateau south of Tanquary Fiord have extended their margins, 
with taryn ice forming below valley tongues. In 1964, for example, the snow line in mid-August 
on the plateau was a t about 850 m , whereas in 1959 air photographs in late summer show that 
the entire small ice cap 10 km south-east ofTanquary Camp, rising to a maximum elevation of 
[ 220 m , was an ablation area, and that the snow line on the very much larger ice cap, 2 km 
farther to the south-eas t, was at an elevation of at leas t I 250 m. It is thought that such 
relatively small changes in summer temperatures, if continued over a number of years, would 

Fig. 16. TllIllblerock Glacier showing moraine, 5 July 1963. 

cause wide extension of these ice caps. If it is correct that C limatic Optimum mean tempera­
tures, at least in m id-latitudes, were 2.5°C higher than at present (Fairbridge, 1967), it is 
likely that these ice caps have grown up in the last 4 000 years or in a much shorter period, as 
have the M eighen Ice Cap (Arnold, 1965) and the ice shelves and low ice caps of the north 
coast of Ellesmere Island (H attersley-Smith, [96 [[a 1). 

SUMMARY AND CONCLUSIONS 

Some of the main glacial features of Tanquary Fiord and adjoining areas have been 
discussed. Conclusions may be summarized as follows: 

I. Bathymetric data now available give some idea of the morphology of the fiords of 
north-western E llesmere Island. Over-deepening is ascribed to glacial erosion which 
greatly modified the ancestral river system. 
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2. The four valleys about the head of Tanquary Fiord have seen the passage of great 
thicknesses of ice. Although the Tanquary Fiord area has been inundated by ice in the 
past, periods of alpine glaciation were long enough to produce well-developed cirques. 

3. Fluvial erosion in this so-called " desert" climate should not be underestimated , 
because the snow and glacial run-off is concentrated in a period of little more than 2 
months. In fact , a long period of fluvial erosion has intervened since the last total 
occupation of the vall eys by ice, as shown by the entrenched rivers of main valleys, and 
by the V-shaped valleys below minor tributary glaciers. Later re-occupation of the 
V-shaped valleys is inferred. 

4. High-level moraines, glacial drift, erratics and striae testify to the former very wide­
spread ice cover of the area. But it is not known to what extent these features date from 
the Wisconsin or from som e earlier p eriod . However , the age of peat deposits in the 
valleys and the age of raised beaches show that the extensive delta terraces were formed 
by melt streams from waning Wisconsin ice caps, which were massive enough to cause 
d epression of the land by at least 60 m . 

.5. Glacial lakes, several of large size, are conspicuous features of the a rea , and the varved 
deposits of former glacial lakes occur in various places. The mechanism of p eriodi c 
drainage of the present lakes is not fully understood but it may be cycl ic and relatively 
independent of climate. On the other hand, it may be related to the recent recession 
of the side glaciers from terminal moraines. Drainage is often catastrophic and very 
destructive of g lacial deposits down-stream. 

6. The major glaciers of the area appear close to their m aximum extent of at least the last 
900 years and probably of a much longer period; they may be advancing sligh tly. On 
the other hand, recent looped moraines off all the side g laciers seen in the area are 
believed to be due to glacial retreat since about [925, as inferred from g laciological 
studies on the central ice cap of northern Ellesmere I sland. 
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P OSTSCRIPT 

R adiocarbon analyses of bottom material from Lake Tuborg, Ekblaw and Rollrock Lakes 
giving ages of 21250 to 26650 years B .P. (SI-570, 571 , 572; Mielke and Long, in press), 
together with recent botanical discoveri es in northern Ellesmere Island (personal communica­
tion from G. R . Brassard ), suggest that maximum glaciation of the fiords and main valleys 
pre-dated the Wisconsin period . The amount of river erosion and dissection in the area since 
the recession of the ice also points to a pre-Wisconsin age for the main glaciation. 

3 December 1968 
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