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ICE-CORED MORAINES IN SOUTH-WESTERN
ELLESMERE ISLAND, N.W.T., CANADA*

By R. A. SoucHEz
(Service de Géomorphologie, Université de Bruxelles, 1050 Bruxelles, Belgium)

AnsTRACT. The north-west margin of the main ice cap in south-western Ellesmere Island is fringed by
ice-cored moraines. The formation of these moraines seems to be more complex than simple upwarping
of the foliation bands at the margin of the ice cap. At one locality, where outer and inner zones can be
distinguished on the basis of lithological composition, debris in the outer zone is composed of material from
farther back under the ice cap than debris in the inner zone. In another locality, localized ridges cross each
other independently of the trend of the main ridge.

The time required to obtain the quantity of debris forming the moraine at the ice surface is estimated
to be between 65 and 200 years.

RESUME,  Moraines perchées sur la glace dans le sud-ouest de I Ellesmere Island, N.W.T., Canada. Des moraines
perchées sur la glace, d’origine sous-glaciaire, ourlent la bordure nord-ouest de la calotte glaciaire principale
dans la partie sud-ouest del’Ellesmere Island. Leur formation semble étre plus complexe que le relévement
de la foliation a la périphérie de la calotte glaciaire. En effet, en un endroit on peut distinguer deux zones
dans la moraine; la plus interne est composée de débris dont origine se situe plus prés du bord de la calotte
que ceux qui composent la ride externe. En un autre endroit de cette bordure, on observe des rides locales
se recoupant suivant des directions différentes de celle de la ride morainique principale.

Le temps nécessaire a la constitution de la couche de débris formant la moraine a la surface du glacier
est estimé entre 65 et 200 ans.

ZUSAMMENFASSUNG.  Mordnen mil Eiskernen im sidwestlichen Ellesmere Island, N.W.T., Kanada. Den Nord-
West-Rand des Haupteisschildes im siiddwestlichen Ellesmere Island siumen Mordnen mit Eiskernen. Die
Bildung dieser Morinen scheint jedoch aul komplizierteren Vorgingen als einem einfachen Aufbiegen der
Binderung am Rande des Eisschildes zu beruhen. An einer Stelle, wo aufgrund ihrer lithologischen
Zusammensetzung eine dussere und eine innere Zone unterschieden werden kann, besteht die dussere Zone
aus Schutt, der von entfernteren Teilen des Eisschilduntergrundes stammt als der der inneren Zone. An
einer anderen Stelle werden Riicken festgestellt, die einander unabhingig von der Richtung des Haupt-
ritckens kreuzen.

Die Zeit, die erforderlich war, um die Schuttmengen der Morine aul der Eisoberfliche anzusammeln,
wird auf 65 bis 200 Jahre geschitzt.

INTRODUCTION

As a participant in a Geological Survey of Canada field party, the author spent 2 months
in 1967 in south-western Ellesmere Island (Fig. 1). During this period a study of glacial
crosion and deposition was carried out with special reference to the ice-cored moraines.

These ice-cored moraines are similar in position to those described from the vicinity of
Thule, Greenland. Despite the expression “Thule-Baffin moraine” proposed by Weertman
(1961), the descriptive term ice-cored moraine which was coined by Ostrem (1965) will be
used here.

No nunataks are present in the area investigated, so all of the debris comprising the
moraines must have come from beneath the glacier. Since bedrock contacts can be projected
under the glacier, the sources of debris in different parts of the moraines can be determined.

DESCRIPTION OF THE AREA

The main ice cap in south-western Ellesmere Island is located north of South Cape
(Fig. 2). Measuring approximately 60 km in an east-west direction and 50 km north-south,
this ice cap reaches an altitude of 1 600 m north-west of South Cape Fiord. As noted by
McLaren (in Fortier and others, 1963, p. 310-14), there is a striking contrast between the
northern part of this ice cap with its gentle topography and the more dissected southern part
where outlet glaciers flow down steep valleys into fiords. K

* Work done under the auspices of the Gealogical Survey of Canada,
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The north-west margin of the ice cap consists of several lobes fringed by ice-cored moraines.
These lobes cover different types of rocks, a situation particularly favorable for studying
the source of material in the moraines.

The bedrock in the study area consists of Devonian sedimentary rocks of the Sverdrup
Basin. They dip gently to the north-north-west, along part of the southern limb of a broad
syncline, the Schei Syncline. Of particular interest in this study (Fig. 3) are two members
of the Okse Bay Formation® (Fortier and others, 1963):

2. Lower sandstone and shale member; red-brown and grey-green shales and sandstones
(Dob,).*
1. Lower sandstone member; yellow-brownish and grey sandstones (Dob,).*

90" 100§ 200  4OOKm
| R e |

Fig. 1. Map showing the location of the area investigated in south-western Ellesmere Island.

The contact between the two members is very striking in the field due to the color dif-
ferences and to the relatively lower resistance to erosion of the red shales and sandstones.
This contact is of particular importance to the present subject because it can be projected
beneath the ice with confidence and thus it can be used in studying the sources of debris in
ice-cored moraines. A fault (fin Figure 3) is present® just north of the ice lobe studied at the
contact between Dob, and Dob,. However, due to slight vertical and horizontal displace-
ment, it is of no importance to this study.

DESCRIPTION OF MORAINES

The ice-cap margin in the study area generally consists of an ice ramp, the slope of which
varies from 20° to 35°. The lower parts of these ramps are masked by snow accumulation
due to the prevailing winds which have an easterly to south-easterly component. However,
ice cliffs are locally present, for example, at localities A, B, E, N and P (Fig. 3). Except at
locality E, the ice cliffs are approximately 10 m high and are composed of pure blue-white
glacier ice. There is usually a snow-scree slope masking the lower part of the cliff. When

* Kerr, J. W. Geology, southwestern Ellesmere Island. Canada. Geological Survey. Map 10-1968, 1969.
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this snow is absent or when the upper glacier ice overhangs the lower beds, a situation occur-
ring at locality B, foliation bands including some debris are visible in the lower part. Dry
calving is typical under these conditions. The ramps lead up to ice-cored morainic ridges.
These moraines fringe the ice-cap margin and may rise more than 10 m above the ice surface.
The ridges are composed of fragments of local rocks which have come from within g km of
the present ice-cap margin.
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Fig. 2. The main ice cap in south-western Ellesmere Island and the study area.

At localities D and H in Figure 3, two or more ridges exist instead of one. A more precise
description is necessary for these areas because they play a key role in the subsequent dis-
cussion.

Locality D

At locality D, outer and inner zones can be distinguished in the morainic deposits. Litho-
logically, these zones are quite different and have been distinguished by stone counts. Two
size ranges have been selected for the counts: 6-12 mm and 12-25 mm (equivalent diameter).
In order to obtain a representative sample, in each case at least 200 pebbles were counted.
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The pebbles from the outer zone of the moraine are largely yellow and grey sandstones,
whereas those from the inner zone have a much greater proportion of red-brown siltstone
fragments (Table I). The difference in red-brown siltstone content is particularly striking.
This lithological difference is also clearly marked in the size fractions >25 mm and <6 mm.
Yellow sandstone boulders are particularly abundant in the outer zone, in contrast to siltstone
and grey sandstone boulders in the inner one. The fines consist of yellow-brownish sand in
the outer zone and red-brown mud in the inner one.

= Zones of B2 Yellow -brownish and
[:l lew discontinuity % grey sandstones (Dob1)
e ok Red-brown and grey-green
-~
m Gase: rEx m Maraitide Fidges shales and sandstones (Dob2)

. 7 Ferruginous quartzose
Stream IE Ice cliff a e
@ Foliation bands Flow of ice Surticial deposiis masking

bedrock near the ice
Fig. 3. The marginal zone of the ice lobe investigated (from air photograph Ellesmere 16756]50; Air Photo Division.
Department of Energy, Minss and Resources, Canada).

https://doi.org/10.3189/50022143000013216 Published online by Cambridge University Press


https://doi.org/10.3189/S0022143000013216

ICE-CORED MORAINES IN SOUTH-WESTERN ELLESMERE ISLAND 249

Another feature of the moraines at locality D is the occurrence in the inner zone of an
unusually large boulder lifted up from the base of the ice cap: itis 15 m long, 5.5 m wide and
7 m high. The bedding in this block dips steeply down-glacier and the block itself consists of,
in a downward sequence, 2.55 m of red-brown interbedded siltstone and sandstone, 0.20 m
of green siltstone and 2.75 m of yellow-grey sandstone. The contact between the two lower
members of the Okse Bay Formation is preserved in this block* which has been lifted as a
whole despite the great differences in lithology. The same contact also occurs close to the
glacier margin in the vicinity of the moraine. The trend of the moraine, like the ice lobe, is
oblique to the lithological contact (Fig. §). Because there are no nunataks up-glacier from the
moraine, it appears that this block was plucked from the base of the glacier and subsequently
raised to the surface. The bedding in the block dips at 72 to the north-west and the bedrock
in this area dips at 10° to the north-north-west. Cross-bedding in the block and the observed
sequence of strata indicate that the block is right side up. Thus this piece of bedrock has
been lifted and the dip has been increased from about 10° to about 72°. From an estimate

TABLE I. LITHOLOGICAL COMPOSITION OF MORAINES AT LOCALITY D

Locality D south Quter zone Inner zone
Diameter r2—25mm  6-r2mm  12-25mm  6-12 mm
Red-brown siltstone - 455 6.3% 25% 33.8%
(S10F]
Grey siltstone - 10.0% T2oL 17.89%
Yellow sandstone 609, 43.0% 259 21.8%
Dob,
Grey sandstone 36% 40.7% 38% 2m-090
Locality D north Quter zone Inner zone
Diameter 12-25 mm 6-r2 mm rz2—25 mm 612 mm
5 5
Red-brown siltstone =y 5.6% 9.5% 40.1% 45-8%
oD,
Grey siltstone B 16.4% 17 1% 24.6%
Yellow sandstone Bl 67:7% 52:2% 21.4% 11.69%
0Dy
Grey sandstone 18.9%, 21.9% 21.4% 18.0%,

of the travel distance and the ablation rate, a calculation of the strain-rate is possible. How-
ever, this has not been done because it is not certain that the block has not slumped or has not
rotated through an additional 360°.

Between the ice-cap margin and the moraines at locality D, foliation bands including
some debris could be seen dipping up-glacier towards the end of the ablation season as in-
dicated in Figure 3. Only in this area was this upwarping of foliation bands clearly visible
in the field; elsewhere the snow cover was too extensive and persistent.

The lithological compositions of pebbles in these bands are similar to those of the pebbles
in the outer zone of the morainic deposit and to those of the pebbles in the ice below the ice
cliff north of locality B (Table I1). There are some small differences, but the striking feature
is the low content of red-brown siltstone (Dob,) fragments in each case, especially in com-
parison with the inner zone (Table I).

The general conclusion to be drawn from the stone counts is that the inner ice-cored
moraine zone at locality D appears to derive its debris from a point nearer to the ice-cap
margin than does the outer zone or the ice between the outer zone and the margin.

* On a stratigraphical basis, with the help of Dr ]J. W. Kerr.
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Tarre II. LITHOLOGICAL COMPOSITION OF MORAINES IN AND ON THE ICE

Foliation bands

between the ice-cap margin Ice-perched morainic
Base of ice cliff and the moraines ouler zone
north of locality B at locality D at locality D
Diameler 12-25 mm  6-rzmm  12-25mm  6-12 mm 12-25 mm 6-12 mm

Red-brown siltstone 4% 8.5% 5% 9% 4% 56%  63% 95%

Dob,
Grey siltstone 229 22.9% 12%, 189, - 7.8% 10.0% 16.4%,
Yellow sandstone 429%, 37-3% 54% FT9, 60% 67.7% 43.0% 52.2%

Dob,
Grey sandstone g2% 31.3% 29%, 229, 36% 18.8%, 40.7% 21.9%

LOCALITY D
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Fig. 4. Structural relationships at localities D and H (western part).
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The debris within the ice lying beneath the outer ice-cored moraine zone and the englacial
debris lying between this moraine and the ice-cap margin occurs in bands parallel to the ice
foliation. The inner morainic zone, with its distinctive lithology, is slightly oblique (107)
to the general trend of the outer zone and disappears north of locality D (Fig. 4). Its trend
suggests that it cuts across the outer zone before its disappearance.

Locality H
Distinct morainic ridges can be distinguished near locality H. They also differ from each
other lithologically (Table III) but the pattern is not the same as that at locality D.

TasrLe III. LITHOLOGICAL COMPOSITION OF MORAINES
AT LocaLITIEs G, H axp K

Locality G 12-25 mm  6-12 mm
Red-brown siltstone 5% 15.2%
Dob,
Grey siltstone 7% 17.1%

Yellow sandstone 27% 24.6%
Dob,
Grey sandstone 619%, 43:1%

K

Locality K 12—25 mm  6-r12 mm

Red-brown siltstone 31.9% 33.5%
Dob,

Grey siltstone 7:0% 18.1%,

Dob,
Grey sandstone 45.8% 35.3%

Locality H (west) 12-25 mm  b6-12 mm

Red-brown siltstone
Dob,
Grey siltstone 2.4% 2.4%

Yellow sandstone 97.6% 95.2%
Dob,

Grey sandstone

Locality H (south)
Red-brown siltstone

Yellow sandstone } 15.3% 13.1%

Dob,
Grey siltstone 0.9% 8.3%
Yellow sandstone 96.1%, 89%
Dob,
Grey sandstone 3-0% 2.7%

The outer morainic zone (localities G and K) has a mixed composition with a relatively
large amount of red-brown siltstone and grey sandstone but the inner zone (locality H) is
characterized by a much greater proportion of yellow sandstone and the absence of red-brown
siltstone.

Some ridges are oblique to the ice-cap margin and cross the foliation bands. A careful
examination of the western part of moraine H (Fig. 3) shows that localized zones cross each
other independently of the trend of the main ridge (Fig. 4). A similar situation has been
observed in Antarctica (Souchez, 1967).
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Other localities

In the vicinity of the melt stream north of locality C and south of locality E, the inner
part of the moraine has in some places mounds of angular grey sandstone blocks resulting
probably from in situ frost-shattering of pieces of bedrock lifted up from the base of the ice
cap. However, it has not been possible to determine whether they are the result of the same
mechanism as the inner zone at locality D.

At localities C and I, large numbers of well-rounded cobbles are present in the moraine
at the ice surface. They are mixed with angular pebbles and fines in till pillars on the moraine
just south of locality C where the moraine disappears and they are concentrated just east of
locality I (Fig. 3). They are interpreted as outwash deposits formed during general deglacia-
tion and subsequently incorporated into the moraine. The presence of this material indicates
that a re-advance of the ice margin has occurred since the outwash deposits formed.

FORMATION OF ICE-CORED MORAINES

The formation of Arctic ice-cored moraines has been studied in the Thule area, Green-
land (Bishop, 1957; Swinzow, 1962; Hooke, 1968), and in Baffin Island (Goldthwait, 1951).
Weertman (1961) used in his paper, which criticized the shear hypothesis and gave an
alternative explanation, the expression ““Thule-Baffin moraines”.

At locality D the foliation bands are upwarped at the glacier margin. IFrom the top to
the base of the ice ramp, when the latter is not masked by snow (sometimes mud in summer),
the foliation bands with included debris dip up-glacier at approximately 26-28°. Blocks
of bedrock are visible within the ice; the largest one found was 28 cm long. No wedge of clean
ice exists. Because of melt-water gullies, foliation and debris bands can be traced; thus
sedimentation on an old ice toe with subsequent re-incorporation into the glacier can be ruled
out. As noted in Table II, debris in these bands is lithologically similar to that in the outer
zone of the moraine and to that in the foliation bands at the base of the ice cliff north of
locality B. Thus it appears that the outer zone of the moraine at locality D is the result of
upwarping of foliation bands at the ice-cap margin, of subsequent concentration of debris by
ablation, and of insulation of the ice against melting and sublimation, giving rise to the present
perched position of the ridge.

The only mechanism which seems to be able to satisfactorily account for debris parallel
to the foliation is that of basal freezing (Weertman, 1961). However, the stone counts for the
inner zone at locality D are not consistent with this mechanism. Here, the large proportion
of red-brown siltstone fragments suggests that this debris has come from a source closer to the
ice-cap margin. The lithology of the slab of bedrock 15 m long which had been brought to the
surface in this inner zone also suggests the same fact. However, another possibility must be
considered: the occurrence of an outlier of Dob, within the Dob, zone under the ice cap which
could be the source for the debris in the inner morainic zone (for example, a result of faulting
or an anticlinal axis which reverses the dip). Although it cannot be proved that it does not
exist, it seems improbable in view of the structural characteristics near the ice lobe and
because of the trend and narrow width of this zone. Localized fault zones in the glacier ice
seem to be a possible explanation for the trend of the moraine at both localities D and H and
for the anomalous stone counts for the inner moraine at locality D.

At locality H, the general pattern of the moraines (Fig. 3) strongly suggests bedrock
obstruction to ice flow. The outer moraine has a mixed composition with large amounts of
grey sandstone and red-brown siltstone, but the inner ridge is almost entirely composed of
yellow sandstone both in its western and southern parts. An inward displacement of the active
zone of erosion is thus required, though the angle between the flow direction of the ice lobe
and the bedrock-outcrop pattern is low in this locality.
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A rough estimate of the time needed to accumulate the quantity of debris comprising the
moraine at the ice surface has been made during this study. This has been done, after estima-
tion of the ablation rate, from moraine-thickness measurements and determination of debris
concentration in the ice.

Moraine-thickness measurements at localities C, D and O give values between o0.01 and
1.1 m. The central parts of different ridges are often between 0.7 and 1.1. m so that a repre-
sentative value is 0.9 m.

Determination of debris concentration in the ice has been carried out in foliation bands at
localities B, D and O along the lower parts of ice cliffs or ramps. The sites chosen were
characterized by the presence of most of the debris layers; thus the values obtained must be
considered, from this point of view, as maximum ones. There are large errors in this method,
because of the method of determining the sub-surface concentration of debris caused by
melting of ice and, because it is assumed that this concentration does not change along the
foliation, which is certainly incorrect. Furthermore, some of the debris is carried away by
melt water. A concentration of 6%, by volume is considered as a representative mean value for
the selected sites with abundant debris.

Ablation rates, which have not yet been measured on this ice cap, are estimated from a
comparison with nearby regions (Baird and others, 1952-53; Miiller, 1962) to be between
0.3 and 1 m/year for a clean ice surface. @strem (1965) carried out experiments to investigate
the ablation rate under a thin layer of till. The relation that he obtained between ablation
and thickness of till cover indicates, for example, that the rate of ablation under a 10 cm thick
till is reduced to 409, of the value for uncovered glacier ice; under a 30 cm thick till it is
reduced to 20%,. The curve given by @Ostrem (1965, fig. 15) has been taken into account in
the present calculation. It is thus assumed that the same figure is valid for Ellesmere Island
as for Scandinavia.

In accordance with the ablation rate chosen, the results give 65 to 200 years for the
quantity of debris forming the moraine to appear at the ice surface.
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