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ABSTRACT. The north-we t 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 simpl e upwarping 
of the foliation ba nds a t th e margin of the ice cap. At one locality, where outer a nd inner zones ca n be 
distinguished on the bas is of lithologica l composition, debris in the outer zone is composed of material from 
farther back under the ice cap than debris in the inner zone. I n another loca lity, localized ridges cross each 
o ther independ ently of the trend of the main ridge. 

The time req uired to obta in the quantity of debris forming the mora ine at tlle ice surface is estimated 
to be between 65 a nd 200 year . 

R ESUME. M oraines perchies Sllr la glace dam le slId-ouest de I'ElIesmere Island, X . W . T. , Canada. De moraines 
perchees sur la glace, d'origine sous-glacia ire, ourlent la bordure nord-ouest de la calotte glaciaire principale 
dans la partie sud-ouest del'Ellesmere I land. Leur formation semble etre plus complexe que le relhement 
d e la foliation it la peripheri e de la ca lo tle glaciaire. En effet, en un endroi t on peut distinguer deux zones 
d a ns la mora ine ; la plus interne es t composee d e d ebris dont I'orig in e se situe plus pt'es du bord de la ca lolle 
que ceux qui composent la ride externe. En un au tre endroit de celte bordure, on observe des rides locales 
se recoupant sui vant d es direc tions differentes de ce lle de la ride morain ique principale. 

Le temps necessa ire it la constitution de la couche de debris formant la moraine it la surface du glacier 
es t es time entre 65 e t 200 a ns. 

ZUSAMMENFASSUNG. Nforiillen mil Eiskemen in! siidwestlichen Ellesmere Island, N. W. T., Kanada . Den ~ord­
vVes t-Ra nd d es Haupteisschildes im slidwestlichen Ellesmere Island saumen M oranen mit Eiskernen. Die 
Bildung diesel' Moranen scheint jedoch auf komplizierteren Vorga ngen a ls einem einfachen Aufbiegen del' 
Ba nderung am Rande des Eisschildes zu beruhen. An einer Stelle, wo a ufgrund ihrer lilhologischen 
Zusammensetzung eine a ussere und eine innere Zone unterschieden werden kan n, bes teht die a usse re Zone 
aus Schutt, d el' von entfernteren T eil en des Eisschilduntergrundes sta mlllt als del' d el' inn eren Zone. An 
einer anderen Stelle werden Rli cken festges tellt, di e eina nder u nabhangig von del' Richtung d es H a upl­
rlicken kreuzen. 

Die Zeit , die erforderli ch war, Ulll die Schulllllengen del' ~Iorane auf der EisoberAache anzusalllllleln, 
wird a uf 65 bis 200 J a hre geschatzt. 

I NT ROD UCTIO 

As a participant in a Geological Survey of Canada field party, the author spent 2 month 
in 1967 in south-western E llesmere Island (Fig. I). During this period a stud y of glacial 
erosion and deposition was carried out with special reference to the ice-cored moraines. 

The e ice-cored moraines are imilar in po ition to those described from the vicinity of 
Thule, Greenland. Despite the expression " Thule-Baffin moraine" propo ed by \ Veertman 
(1961 ), the descriptive term ice-cored moraine which was coined by 0 strem (1965) will be 
used here. 

:"Jo nunatak are present in the area inve tigated , so all of the debris com prising the 
moraines must have com e from benea th the glacier. Since bedrock con tacts can be projected 
under the glacier, the sources of debris in different part of the moraine can be determined . 

DESCRIPTION OF THE AREA 

The main ice cap in south-western Ellesmere Island is 10 ated north of South Cape 
(Fig. 2) . Measuring approximatel y 60 km in a n east-west direction and 50 km north-south , 
rhis ice cap reaches an altitude of I 600 m north-we t of South Cape Fiord. As noted by 
McLaren (in Forrier and others. 1963, p . 310- (4), there i a triking contrast between the 
northern part of this ice cap with it gentle topography and the more dissected southern part 
where outlet glaciers flow down steep valleys into fiord. . 

* Work done under the a uspices of the Ceologica l urvey of Ca nad a. 
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The north-west margin of the ice cap cons ists of several lobes fringed by ice-cored moraines. 
T hese lobes cover different types of rocks, a situation particularly favorable for studying 
the source of material in the moraines. 

The bedrock in the stud y 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 member 
of the Okse Bay Formation" (FOl-tier and others, 1963) : 

2 . Lower sandstone and shale member ; red-brown and grey-green shales and sand tone. 
(Dobz) ·* 

r. Lower sandstone member; yellow-brownish and grey sandstones (Dob [) .* 

90 ' 

/ 

GREENLAND 
\ 

o 200 400 k m 
'L.-_--'[L.-_--', 

Fig. 1. Map showing the location of the area investigated in south-western ELlesmere Islalld. 

T he contact between the two members is very striking in the field due to the color dif­
ferences a nd to the relatively lower resistance to erosion of the red sha les and sandstones. 
This contact is of pa rticular importance to the present subj ect 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 (f in Figure 3) is present':' just north of the ice lobe studied at the 
contact between Dob[ a nd Dobz. However, due to sligh t vertical and horizontal displace­
ment, it is of no importance to this study. 

D ESCRIPTION OF MORAINES 

The ice-cap margin in the study area generally consists of an ice ramp, the lope 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. H owever, 
ice cliffs are locally present, for example, at localities A, E, E, Nand P (Fig. 3). Excep t 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. \!\Then 

* Kerr, J . VV. Geology, southwestern E llesmere Island. Canada. Geological Survey. Map [0- [968, [969. 
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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 vi ible in the lower part. Dry 
ca lving i typical under these conditions. The ramp lead up to ice-cored morainic ridges. 
T hese moraine fringe the ice-cap margin and may rise more than 10 m above the ice surface. 
The ridges are composed of fragment of local rocks which have come from within 3 km of 
the pre. ent ice-cap margin. 

87 • 83 ' 

=-=-=--=.--=. -==.--::-=-=-:-= -:. --:=-=-=-=-=--:-:.-=.--:-=. --
76' - - - - -_ 

87' 8S'W 
o 10 

! ! 

Fig. 2. The main ice caj) ill soulh-weslern Ellesmere Islalld alld Ihe stU{(V area. 

At localiti es D and H in Figure 3, two or more ridges exi t instead of one. A more precise 
description is necessary for these area because they play a key role in the ubsequent dis­
cussion. 

Locality D 
At locality D , outer and inner zone can be distingui hed in the morainic depo its. Litho­

logically, the e zones are quite different and have been di tingui hed by stone counts. Two 
ize ranges have been selected for the count: 6 - 12 mm and 1 2 - 25 mm (equivalen t diameter) . 

In order to obtain a representative sample, in each ca e at least 200 pebbles were counted. 
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The pebbles from the outer zone of the moraine are largely yellow a nd grey sandstone , 
whereas those from the inner zone have a much greater proportion of red-brown siitsrone 
fragments (T a ble 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 sandsto ne boulders in the inner one. The fines consist of yell ow-brownish sand in 
the outer zone and red-brown mud in the inner one. 

, 

DIce D Zones of 
disconti nu ity 

W Ba re rock [1] Mora i nic ri dges 

[SJ Strea m [XJ I ce c l i tt 

~ Fol iation bands [SJ Flow of ic e 

~ 

~ 

~ 
~ 

" 
I 0 "'1000 m 
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Yel l ow - brown ish and 
grey sandstones (D obl) 

Red - brown and grey- green 
s h a l es and sa nd st ones (Dob2 ) 

Ferrug inous quart z ose 
sands tones 

Surf ici a l depos i ts mask ing 
bedrock near the ice 

Fig. 3 . The margillal zone of the ice lobe investigated (from air photograph Ellesmere 16756/5°; Air Photo D ivisiol/, 
Department of Energy, Mirm and Resources, Canada ). 
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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 ; it is 15 m long, 5.5 m wide and 
7 m high. The bedding in thi block dips steeply down-glacier and the block itself consi ts of, 
in a downward sequence, 2.55 m of red-brown interbedded iltstone and sandstone, 0.20 m 
of green siltstone and 2.75 m of yellow-grey sandstone. The contact between the two lower 
m embers of the Okse Bay Formation is preserved in this block * which has been lifted as a 
""hole despi te 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. 3). Because there are no nunataks up-glacier from the 
moraine, it appear that thi block wa plucked from the base of the glacier and sub equently 
raised to the surface. The bedding in the b lock dips at 72 ° to the north-west and the bedrock 
in this area dips at roO 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 ~!oRAINES AT LOCALITY D 

Locality D soulh Ouler zone Inner zone 
D iameter 12- 25 mm 6 - 1 2 mm 12- 25 mm 6-12 mm 

R ed-brown silts tone 
}DOb2 

4°~ 6·3 °~ 25°~ 33·B o~ 

Grey siltstone 10.0° 0 12 ~o ' 7·B~o 

Yellow sandstone 

} D Ob l 

60~o 43.0 0 ° 25% 21.2 °0 

Grey sandstone 36°~ 4°·7 % 3B% 27.2 ° 0 

Locality D nor tlz Outer z01le i nner 40ne 
D iameler 12- 25 mm 6- 1 2 mm 12- 25 mm 6 - 12 mm 

R ed-brown siltstone 

} DOb2 

5.6 % 9·5°~ 40 . 1 o~ 45.8% 

Grey siltstone 7.8% , 64% I7·I o~ 24.6% 

Yellow sandstone 
}DOb l 

67·7°0 52.20~ 2 1.4 ~ o II .6° ~ 

G rey sands tone ,B·9% 21.9 % 2 1.4% IB. o% 

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 ha 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 F igure 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 pebble in the e 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 II ) . There are some mall differences, but the striking feature 
is the low conten t of red -brown siltstone (Dob2 ) fragments in each case, especially in com­
parison with the inner zone (Tabl e I ) . 

The general concl usion to be drawn from the stone coun ts i 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 stl'atigraphi ca l basis, with the h elp of Dr J. \"1. K err. 
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TABLE 11. L ITHOLOG IGAL COMPOSITION OF MORAINES IN A ND ON THE ICE 

Foliation bands 
between the ice-cap margin l ce-/Jerched morainic 

B ase of ice cliff and the moraines outer z one 
north qf locality B at locali ty D at locality D 

D iameter 12- 2 5 mm 6 - 1 2 mm 1 2 - 25 mm 6 - 1 2 mm 1 2 - 2 5 mm 6-1 2 mm 

Red-brown Siltstone} 4% 8·5% 
Dob2 

Grey siltstone 22 % 22·9% 

Yellow sandstone } 42 % 37·3% 
Dob, 

Grey sandstone 32% 3 1.3% 
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Fig . 1. Structural relationships at localities D and H (western part ) . 

6·3% 9·5% 

10.0% 16-4% 

43.0 % 52.2% 

40.7% 21.9% 
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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 ( 10°) 
to the general trend of the outer zone and disappears north of locality D (Fig. 4) . Its trend 
sugges ts that it cuts acros the outer zone before its di appearance. 

Locality H 
Distinct morainic ridges can be distinguished near locality H. They also differ from each 

other lithologically (Table Ill ) but the pattern is not the ame as that at locality D . 

TABLE Ill. LITHO LOGICAL COMPOSITION OF MORAINES 

AT LOCALITIES G, H Ar;D K 

Locality G 1 2-25 mm 6 - 12 mm 

Red-brown siltstone 
}OObz 

5% 15.2% 

Grey siltstone 7% 17. 1% 

Yellow sandstone 
}OOb1 

27 % 24.6% 

Grey sandstone 61 % 43. 1% 

Locality K 1 2 - 25 mm 6-12 mm 

Red-brown sil tstone 
}OObz 

31.9% 33·5% 

Grey silts tone 7.0% 18.1 % 

Yellow sandstone 
}OOb l 

15·3% 13.1% 

Grey sandstone 45.8% 35·3% 

Locality H (west) 1 2 - 25 mm 6-12 mm 

Red-brown siltstone 
}OObz 

Grey silts tone 2·4% 2·4~~ 

Yellow sandstone 
}OOb l 

97.6% 95.2% 

Grey sandstone 2-4% 

Locali~v H (south) 12- 25 mm 6 - 12 mm 

R ed-brown siltstone 
} OObz 

Grey siltstone 0·9 % 8·3% 

Yellow sandstone 
} O Ob l 

96.1% 89% 

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 possibl e 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 fin es in till pilla rs 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 form ed during general deglacia­
tion and subsequently incorporated into the moraine. The presence of this material indica tes 
that a re-advance of the ice margin has occurred since the outwash deposits form ed. 

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, 195 1). 
W eertman (1961 ) used in his paper, which criticized the shear hypothesis and gave an 
a lternative explanation, the expression " Thule-Baffin moraines" . 

At locality D the foliation bands are upwarped at the glacier margin. From 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 locali ty 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 satisfactori ly account for debris parallel 
to the foliation is that of basal freezing (Weertman, I 96 I) . 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 IS 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 ofDob2 within the Dob! zone under the ice cap which 
could be the source for the debris in the inner morainic zone (for example, a resul t offaulting 
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 a nd 
for the anomalous stone counts for the inner moraine at locality D . 

At locali ty 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 displacem en t 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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.-\ ro ugh estimate of the time needed to accumulate the quantity of debl·is comprising the 
moraine at the ice surface has been made during this study. This has been done, after es tima­
tion of Ihe ablation rate, from moraine-thickne s measurements and determination of d ebris 
concentration in the ice. 

M oraine-thickness measurements at localities C, D and 0 give value between 0 .01 and 
I. I m. The central part of different ridges are often between 0.7 and I. I. m so that a repre­
sentati ve value is 0.9 m. 

D etermination of debris concentration in the ice has been calTied out in foliation band at 
loca lities B, D and 0 along the lower parts of ice cliffs or ramp. The sites chosen were 
characteri zed by the presence of most of the debri layers; thus the values obtained mu t be 
cons idered , from thi point of view, a maximum ones. There are large errors in this method, 
because of the m ethod of d etermining the sub-surface concentration of debri caused by 
melting of ice and, because it is assumed that this concentration does not change along the 
folia tion, whi ch is certainly incorrect. Funhermore, some of the debris i carried away by 
melt water. A concentration of6 % by volume i considered a a representative mean value for 
the elected sites with abundant debris. 

Ablation rates, which have not yet been measured on this ice cap , are es tima ted from a 
comparison with nearby regions (Baird and other, 1952-53; MUll er, 1962 ) to be between 
0.3 and I m/year for a clean ice surface. 0 strem ( 1965) carri ed out experiments to investigate 
the abla tion I·ate under a thin layer of till. The relation that he obtained be tween ablation 
and thi ckness of till cover indicates, for example, that the rate of ablation under a 10 cm thi ck 
till is reduced to 40% of the value for uncovered glacier ice; under a 30 cm thi ck till it is 
reduced to 20% . The curve g iven by 0 strem ( 1965, fig. 15) has been taken into account in 
the pre ent calcu lation. It is thus a umed that the same figure is valid for Ellesmere Island 
as for Scandinavia. 

In accOl-dance with the ablation rate chosen, the results give 65 to 200 years for the 
qualllity of debris forming th e moraine to appear at the ice surface. 
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