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ABSTRACT: The extent of glacier ice in the Canadian High Arctic during the Last Glacial
Maximum (LGM) has been debated for decades. One school proposed a regional Innuitian Ice
Sheet whereas another proposed a smaller, non-contiguous Franklin Ice Complex. Research
throughout western Nares Strait supports coalescent Innuitian and Greenland ice during the
LGM, based on widespread glacial and marine deposits dated by '*C and amino acid analyses.
This coalescence likely promoted a vigorous regional ice flow westward across Ellesmere Island
to Eureka Sound. Post-glacial emergence in Eureka Sound suggests a former ice thickness at joymal of Quaternary Science
least as great as that in Nares Strait (= 1 km). Recently, independent field studies elsewhere in
the High Arctic also support an Innuitian Ice Sheet during the LGM. Collectively, these studies
resolve a long-standing debate, and initiate new opportunities concerning the reconstruction of
high-latitude palaeoenvironmental and palaeoclimatic change. O 1998 John Wiley & Sons, Ltd.

KEYWORDS: Arctic; Canada; glaciation; Innuitian Ice Sheet.

Introduction

For the past two decades, the extent of ice during the Last
Glacial Maximum (LGM) throughout the Queen Elizabeth
Islands has been debated. Blake (1970) proposed a regional
Innuitian Ice Sheet which coalesced with the Greenland Ice
Sheet (Fig. 1) to the east, and with the Laurentide Ice Sheet
to the south. England (1976) proposed a non-contiguous
array of alpine ice-caps, termed the Franklin Ice Complex,
which left many marine channels and some land ice-free
(Dyke and Prest, 1987). Proponents of the Franklin Ice
Complex, working along the northeast coast of Ellesmere
Island, reported that Ellesmere Island and Greenland ice last
coalesced > 35000 yr BP, and that during the LGM these
ice masses were separated by the sea (England 1974, 1996;
England and Bradley, 1978; England etal, 1978, 1981;
Retelle, 1986). In contrast, fieldworkers on the Greenland
side of Nares Strait, and along east-central Ellesmere Island,
supported the filling of Nares Strait during the LGM
(Weidick, 1975; Blake, 1977, 1992a, b; Bennike et al., 1987;
Funder, 1989; Blake et al., 1996; Funder and Hansen, 1996).

To date, incomplete geological evidence has prevented
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resolution of these conflicting models. Support for an Innui-
tian lce Sheet during the LGM emphasised the magnitude
of post-glacial emergence, the freshness of glacially eroded
bedrock, and radiocarbon dates (28-32 kyr BP) on shelly
till (Blake, 1970, 1977, 1992a, b; Tushingham, 1991). A
ridge of post-glacial emergence along Eureka Sound was
termed the Innuitian uplift and attributed to the former axis
of the Innuitian Ice Sheet (Walcott, 1972). Additional support
for the Innuitian Ice Sheet was provided by radiocarbon
dates on marine shells collected throughout the Queen Eliza-
beth Islands. These are oldest in the west and become
progressively younger toward Eureka Sound, the direction of
proposed ice retreat, initiated ca. 11 kyr BP (Blake, 1972).
The principal weakness of the Innuitian Ice Sheet hypothesis
has been the lack of stratigraphical evidence documenting
this regional ice retreat in contact with the sea.

The Franklin Ice Complex model emphasised the con-
spicuous occurrence of moraines and ice-contact deltas larg-
ely confined to fiord heads. Beyond these fiord-head ice
margins, evidence for the preceding retreat of a regional ice
sheet, following the glacial maximum, was unconfirmed.
Instead, throughout many fiords, shell dates relating to local
marine limits spanned a narrow interval (=200 yr), suggest-
ing that the marine limit did not record ice retreat but
simply trimmed a weathered (pre-dating the LGM) landscape.
Furthermore, the same areas appear to be characterised by
a relatively slow rate of initial emergence (ca. T m per 100
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Figure 1T Map of the eastern Queen Elizabeth Islands showing
regional place names used in the text. Nares Strait is the
collective name applied to the channel separating Greenland and
Ellesmere Island. Contemporary glaciers are shaded.

yr; England, 1983, 1992, 1997), unlike the rapid rates (7—
30 m per 100 yr; Dyke etal.,, 1991) reported from other
parts of the Arctic where regional ice retreat was well
documented. Hence, it was proposed that a ‘full glacial
sea’ occupied fiords and channels beyond the Franklin Ice
Complex (England, 1983, 1990). The principal weakness of
the full glacial sea hypothesis was its failure to provide dates
on marine shells between 10 and 20 kyr BP, when relative
sea-level would have transgressed to marine limit (= 120
m a.s.l. at ca. 8 kyr BP). Nonetheless, weathered terrain,
and raised marine shorelines of pre-Holocene age (> 35 kyr
BP), were reported from northern Ellesmere Island, and were
presumed to record unglaciated coastlines during the LGM
(England etal., 1978, 1981; Retelle, 1986, Lemmen, 1989,
Lemmen and England, 1992).

Field area

This paper summarises a 500 km transect of late Quaternary
deposits along western Nares Strait. Nares Strait is the
regional name applied to the channel separating Ellesmere
Island from Greenland, extending from Lincoln Sea in the
north to Baffin Bay in the south (Fig. 1). During past glaci-
ations of Nares Strait, Greenland ice advanced into Kane
Basin, predominantly via the Humboldt Glacier (Fig. 2).
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From Kane Basin, ice diverged northward and southward
along the axis of the strait while receiving tributary glaciers
from both coastlines (Funder, 1989).

Ice thickness and configuration

The upper limit of meltwater channels and erratics along
eastern Ellesmere Island record the filling of Nares Strait by
coalescent Greenland and Ellesmere Island ice. The contact
of these two ice masses displays Greenland dominance at the
north end of the strait. There, granite erratics of Greenland
provenance extend 5-10 km inland from the Ellesmere Island
coast, reaching > 600 and > 800 m above sea level (a.s.l.)
on Hazen Plateau and Judge Daly Promontory, respectively
(Fig. 2). South of Judge Daly Promontory, the upper limit of
granite erratics reaches ca. 725 m a.s.l.,, but is limited to
within a few kilometres of the coastline. In this sector,
granite erratics are precluded from the larger Ellesmere Island
valleys, indicating the displacement of Greenland ice by
Ellesmere Island ice, which entered the northward-flowing
trunk glacier in Nares Strait. Farther south, just north of
Kane Basin, Greenland erratics are replaced by Ellesmere
Island erratics, indicating that the contact was offshore.

During the last filling of Nares Strait, northward-flowing
trunk ice from Kane Basin coalesced with additional Green-
land ice, debouching from Petermann Fiord (Fig. 2). Based
on the elevation of erratics, the surface of the Petermann
ice was higher (= 840 m a.s.l.), and had already extended
on to Hazen Plateau and Judge Daly Promontory (Christie,
1965; England and Bradley, 1978; Retelle, 1986). Blockage
of northern Nares Strait by Petermann ice may have
enhanced southward flow from Kane Basin, favouring the
establishment of the ‘Smith Sound Ice Stream’ (Blake,
1992b), which extended south of Carey Oer (Fig. 1), into
northern Baffin Bay (Blake etal., 1996).

Chronology

The chronology of ice advance and retreat along Nares Strait
is provided by 40 radiocarbon dates of pre-Holocene age
collected from shelly till and outwash; and 70 amino acid
ratios (Alle/lle) on both Holocene and pre-Holocene shells
from all representative stratigraphical settings (from till to
undisturbed marine sediments). Both of these chronologies
support a Late Wisconsinan age. Indeed, several accelerator
mass spectrometer (AMS) dates obtained on samples col-
lected from shelly till range from 19 to 24 kyr BP. Further-
more, throughout eastern Ellesmere Island, geomorphological
evidence links the retreat of trunk ice from Nares Strait to
> 50 radiocarbon dates on ice-contact deltas (Fig. 3). These
record a progressive Holocene invasion of the sea into Nares
Strait from both its northern and southern ends. The pattern
of ice retreat is shown on three palaeogeographical maps
spanning 10 kyr BP to 7 kyr BP (Fig. 4a—c). The earliest
entry of the sea at the northeastern end of Nares Strait is
dated at 10.1 kyr BP, whereas the oldest dates available at
the southern end are ca. 9 kyr BP (Blake, 1992a). The
marine embayments at the northern and southern ends of
Nares Strait finally merged by ca. 7.5 kyr BP, reconnecting
Baffin Bay to the Arctic Ocean (England, in press).
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Figure 2 Map of Nares Strait showing place names used in text
and generalised bathymetry (in metres). Dark arrows schematically
portray the divergence of ice from Kane Basin, which would have
been supplemented by convergent Ellesmere island and Greenland
ice along the length of the strait. The dashed, shaded line west of
Hall Basin shows the mapped limit of Greenland erratics
transported by Petermann ice. South of this line, Greenland
erratics are confined to within ca. 1 km of the Ellesmere Island
coast until they are displaced offshore just north of Kane Basin.
Contemporary glaciers are shaded.

Discussion

Stratigraphical and chronological evidence for Holocene ice
retreat is now available along the length of western Nares
Strait and parts of adjacent Greenland. Combined with vari-
ous dating techniques on glacial landforms and sediments,
this fieldwork confirms coalescent Ellesmere Island and Gre-
enland ice during the LGM, as proposed by Blake (1970,
1977, 1992b) and others (Funder, 1989, Funder and Hansen,
1996). Greenland ice reached at least 725 m a.s.l. through-
out western Nares Strait, hence it buttressed the eastern
Ellesmere Island ice margin to an elevation of at least 1 km
above the floor of Nares Strait. This would have lowered
the surface profile on the eastern side of the central Ellesmere
Island ice divide, diminishing outflow along its eastern flank.
This would have promoted thickening and westward
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Figure 3 Distribution of oldest available Holocene radiocarbon
dates on marine shells collected along Nares Strait. Dates are
given in thousands of years (kyr BP). Dates are assumed to
provide minimum age-estimates on the entry of the sea following
deglaciation. The distribution of these dates shows a progressive
entry of the sea from the northern and southern ends of Nares
Strait.

migration of the central Ellesmere Island ice divide, causing
a strengthening of westward ice flow toward Eureka Sound.

Westward ice flow was proposed earlier by Bell (1992)
who mapped granite erratics on Fosheim Peninsula, northern
Eureka Sound (Fig. 1). Bell (1992, p. 106) attributed the
provenance of these erratics to the Shield of southeast
Ellesmere Island, where they were transported by glaciers to
Fosheim Peninsula via Bay Fiord (Fig. 1). Bell further pro-
posed that this granite erratic train dated at least 0.4 Ma.
However, their deposition on Fosheim Peninsula during the
LGM is considered likely, given the glacial configuration
reported here for Nares Strait. Furthermore, thick ice in
Eureka Sound during the LGM would harmonise the
interpretation of post-glacial emergence on both the east
and west coasts of Ellesmere Island. Post-glacial emergence
in Eureka Sound reaches 150 m and this is higher than the
emergence recorded along Nares Strait, where LGM ice
thickness exceeded 1 km (England, in press). Northward-
flowing ice from Eureka Sound during the LGM has been
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Figure 4 Palaeogeographical maps showing the proposed retreat of Greenland and Ellesmere Island ice from Nares Strait for 10 kyr BP (A), 8 kyr BP (B), and 7 kyr BP (C). Black arrows on map A Show
assumed direction of ice flow. Key radiocarbon dates on each map are shown in thousands of years (kyr BP) and correspond to those shown on Fig. 3.
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proposed recently by Bednarski (in press), based on adjoining
fieldwork along Nansen Sound, which was filled by glaciers
(Fig. 1). Similarly, evidence for the Innuitian Ice Sheet in
the central arctic islands during the LGM has been
demonstrated by Dyke (in press), who reports southward
flowing ice through Wellington Channel, bordering western
Devon Island (Fig. 1). Hence, clarification of the Innuitian
Ice Sheet’s configuration, geometry, and retreat is well
underway.

Radiocarbon (AMS) dates as young as 19 kyr BP on shelly
till along Nares Strait raise questions concerning the rapidity
of ice growth during the last glaciation, an interval widely
assumed to be constrained by severe aridity (England and
Bradley, 1978, Kapsner et al., 1995). Blake (1992b) also cites
evidence for ice advance after 20.2 kyr BP, based on the
youngest AMS date on subtill organic detritus west of Makin-
son Inlet (Fig. 1). Vigorous outflow of ice from the southern
end of Nares Strait during the LGM is relevant to the
interpretation of detrital carbonate in Baffin Bay (Andrews
etal., in press). The reconnection of the Arctic Ocean to
Baffin Bay via Nares Strait, around 7.5 kyr BP, may have
triggered the temporary retraction of subarctic molluscs noted
in Baffin Bay at this time (Dyke etal., 1996).
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