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ABSTRACT

Eureka Sound is the inter-island channel separating Ellesmere and Axel Heiberg islands,
High Arctic Canada. This thesis reconstructs the glacial and sea level history of southern
Eureka Sound through surficial geological mapping, studies of glacial sedimentology and
geomorphology, surveying of raised marine shorelines, radiocarbon dating of marine shells
and driftwood and surface exposure dating of erratics and bedrock. Granite dispersal trains,
shelly till and ice-moulded bedrock record westerly-flow of warm-based, regional ice into
Eureka Sound from a source on southeastern Ellesmere Island during the late Wisconsinan.
Regional ice was coalescent with local ice domes over Raanes and northern Svendsen
peninsulas. Marine limit (dating <9.2 ka BP; <9.9 ka cal BP) is inset into the dispersal trains
and records early Holocene deglaciation of regional ice. Collectively these data indicate an
extensive ice-cover in southern Eureka Sound during the Last Glacial Maximum. Ice-divides
were located along the highlands of central Ellesmere and Axel Heiberg islands, from which
ice converged on Eureka Sound, and subsequently flowed north and south along the channel.

Deglaciation was characterised by a two-step retreat pattern, likely triggered by
eustatic sea level rise and abrupt early Holocene warming. Initial break-up and radial retreat
of ice in Eureka Sound and the larger fiords, preceded terrestrial stabilisation along coastlines
and inner fiords. Location of deglacial depocentres was predominantly controlled by fiord
bathymetry. Regionally, two-step deglaciation is reflected by prominent contrasts in glacial
geomorphology between the inner and outer parts of many fiords. Glacial sedimentological
and geomorphological evidence indicates spatial variation in basal thermal regime between

retreating trunk glaciers.



Holocene emergence of up to 150 m asl along southern Eureka Sound is recorded by
raised marine deltas, beaches and washing limits. Emergence curves exhibit marked contrasts
in the form and rate of initial unloading. Isobases drawn on the 8.5 ka shoreline for greater
Eureka Sound demonstrate that a cell of highest emergence extends along the length of the
channel, and closes in the vicinity of the entrance to Norwegian Bay. The isobase pattern
indicates a distinct loading centre over the sound, and in conjunction with glacial geological

evidence, suggests that the thickest late Wisconsinan ice lay over the channel.
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CHAPTER ONE

Introduction

This thesis concerns the nature of high latitude Quaternary glaciation and sea level change.
Its objective is the reconstruction of the glacial and sea level history of southern Eureka
Sound, High Arctic Canada (Figs. 1.1 and 1.2), focussing in particular on the Ellesmere Island
side of the channel, and including Stor Island (Fig. 1.2). Southern Eureka Sound constitutes
one of the remaining gaps in reconstructions of Quaternary glaciation and postglacial
emergence in the Queen Elizabeth Islands. Previous work is restricted to that of Hodgson
(1985) in several fiord heads along the east side of the study area. The proximity of the study
area to Norwegian Bay (Fig. 1.1) makes it a key location for linking the glacial and sea level
records of the alpine sector of the Queen Elizabeth Islands (e.g., Andrews 1970; Hodgson
1985; England 1992, 1998; Lemmen et al. 1994; Bell 1996; Bednarski 1998) to that of the
central and western parts of the Arctic Archipelago (Balkwill ez al. 1974; Hodgson 1982,
1989; Dyke in press a and b). Over 60 new radiocarbon dates and 6 surface exposure dates
are presented, which constrain the onset of the last glaciation, initial deglaciation, and the

pattern of Holocene emergence.

1.1 OBJECTIVES

The aims of this research are:

¢)) To determine the extent of late Wisconsinan glaciation in southern Eureka Sound with
respect to whether there was an extensive Innuitian Ice Sheet (Blake 1970), or a more
restricted Frarklin Ice Complex (England 1976a). Particular emphasis will be placed
on determining the significance of the “drift-belt” as first mapped and formally defined
on western Ellesmere Island by Hodgson (1985), with regard to whether this
represents the late Wisconsinan limit or a recessional ice margin.

2) To investigate whether there is evidence for (2) older, pre-late Quaternary glaciations
(cf. Lemmen and England 1992; Bell 1992; Bednarski 1995), as well as evidence for
(b) a “full glacial sea” (cf. England 1983, 1992, 1997).



Figure 1.1: Queen Elizabeth Islands, Canada, location of study area (box), and extent
of Canadian Shield bedrock on Ellesmere and Devon islands (black shading).



=

Figure 1.2: Southem Eureka Sound showing contemporary ice cover
(dark shading) and location of placenames referred to in text.



3) To determine the controls on early Holocene deglacial sedimentation and ice dynamics
in High Arctic fiords, and investigate how inter-fiord variations in deglacial
landform/sediment associations directly reflect variations in these controls.

©)) To determine the magnitude and chronology of postglacial emergence across the
study area, as well as the pattern of Holocene shoreline delevelling, and examine how
these relate to patterns of Holocene emergence in northern Eureka Sound (cf.

Hodgson 1985; England 1992, 1997; Bell 1996).

As part of objectives (1) and (2a), a major component of this research is to determine
the distribution, age and source of granite erratics in the study area. Hodgson (1985) noted
granite erratics within inner Irene Bay, and granites were observed further west on Stor Island
by Troelsen (1952) (Figs. 1.1 and 1.2). Along northern Eureka Sound, Bell (1992) also
documented granite erratics, and hypothesised that they came from the Shield of southeastern
Ellesmere Island. He proposed that the glaciations responsible for erratic deposition were late
Tertiary/early Quaternary in age on the basis of amino acid ratios from associated shelly till.
However, the distribution of granite erratics further south, across Raanes and Svendsen
peninsulas, and through Bay Fiord, remains largely unknown. If granite erratics are present
in southern Eureka Sound, a key question pertains to their source, with regard to whether
they were deposited by northward flowing Laurentide ice from the Canadian mainland, or by

westward-flowing Ellesmere Island ice.

1.2 STRUCTURE
The thesis is written in paper format and is divided into three main chapters, in addition to the

introduction and conclusions. The three papers are thematic and focus on the principal aspects

of the glacial and sea level history of the study area. Each paper is discussed briefly below.

Chapter 2: Late Wisconsinan glaciation of southern Eureka Sound, High Arctic Canada:
evidence for extensive Innuitian ice during the Last Glacial Maximum. (Objectives #1 and

#2, above).
(A version of this paper will be submitted for publication to Quaternary Science Reviews.)

4



This paper presents a reconstruction of the extent and chronology of late Wisconsinan
glaciation in southern Eureka Sound, focussing on the Ellesmere Island side of the channel,
and Stor Island (Fig. 1.1) Previous work in Eureka Sound is limited predominantly to the
northern part of the channel, where radically different reconstructions of the glacial history
have been proposed. These range from a limited expansion of local ice caps and glaciers
during the Last Glacial Maximum, with more extensive, pre-late Wisconsinan regional ice
(e.g., Hodgson 1985; England 1987, 1990, 1992; Bell 1992, 1996), to a late Wisconsinan
Innuitian Ice-Sheet (e.g., Blake 1970; Hodgson 1985; Bednarski 1998; England 1998, in
press). Along southern Eureka Sound, ice extent, chronology and dynamics of retreat are
unknown, with the exception of the fiord heads to the east (Hodgson 1985).

This paper therefore addresses the glacial history of southern Eureka Sound, focussing
in particular on the distribution and age of prominent granite erratic dispersal trains, and the
timing and pattern of deglaciation. It is based on geomorphological mapping (air photos and
ground traverse), sedimentological investigation of glaciogenic and raised marine deposits,
surveying of raised marine shorelines, radiocarbon dating of molluscs and driftwood from
raised marine deposits and till, as well as surface exposure dating of erratics and bedrock
surfaces using cosmogenic Chlorine-36 (in collaboration with M. Zreda, University of

Arizona).

Chapter 3: Geomorphic and sedimentary signatures of early Holocene deglaciation in High
Arctic fiords, Ellesmere Island: implications for thermal regime and ice dynamics during
deglaciation. (Objective # 3, above).

(A version of this paper has been published in Canadian Journal of Earth Sciences.)

This paper presents an integrated study of glacial geomorphology, sedimentology, marine
limit elevations and radiocarbon dating from two adjacent fiords on southwestern Ellesmere
Island, Starfish Bay and Blind Fiord (Fig. 1.2). Both fiords exhibit marked contrasts in their
deglacial landform/sediment associations. These contrasts are attributed to inter-fiord
variations in early Holocene deglacial ice dynamics and basal thermal regime, which
controlled the type and location of deglacial landform/sediment associations in the two fiords.

The objective of the paper is to highlight the influences of fiord bathymetry and basal thermal



regime on early Holocene deglacial ice dynamics and sedimentation. The paper also discusses
implications for regional reconstructions of late Wisconsinan glaciation in an area where
marked contrasts in weathering, and presence or absence of glacial landforms, occur (e.g.,
Hodgson 1985; England 1987, 1990; Lemmen ef al. 1994; Bell 1996). These differences have
previously been linked to the extent of late Wisconsinan glaciation (e.g., England 1987, 1990;
Bell 1996). With few exceptions to date (e.g., Lemmen et al. 1994), such integrated studies
have been rare in the Canadian High Arctic. Previous research has tended to focus on the
extent of late Wisconsinan glaciation (e.g., Blake 1970, 1992; England 1976a, 1998; Evans
1990; Bell 1996), and the pattern of Holocene emergence (e.g., Blake 1975, 1993; England
1976b, 1992), or more rarely on sedimentological studies of emergent glaciomarine deposits
(e.g., Bednarski 1988; Stewart 1991; Aitken and Bell 1998).

This paper is based primarily on geomorphological mapping, sedimentological
investigation of glaciogenic and raised marine deposits, particularly the internal structure of

ice-contact landforms, and radiocarbon dating of associated marine shells to establish a

deglacial chronolé:gy

Chapter 4: Holocene emergence and shoreline delevelling, southern Eureka Sound, High
Arctic Canada (Objective #4, above).

(A version of this paper will be submitted for publication to Géographie physique et
Quaternaire.)

This paper focuses on the magnitude and chronology of postglacial emergence throughout
the study area. The reconstruction is based on surveying of raised marine shorelines and
radiocarbon dating of associated marine shells and driftwood. Previous work on this topic
from northern Eureka Sound (e.g., Hodgson 1985; England 1992, 1997; Bell 1996),
highlighted several unique aspects of postglacial emergence there including: (a) emergence
of >150 m asl (e.g., Bell 1996; Bednarski 1998) which is the highest recorded in the Queen
Elizabeth Islands. The magnitude of this emergence has been used as support for a regional
ice sheet during the late Wisconsinan (cf Blake 1970, 1992; Walcott 1972; Tushingham
1991; England and O Cofaigh 1998; England in press); (b) England (1992, 1997) presented

evidence which indicates that initial emergence in northern Eureka Sound was slow (1



m/century). He argued that this was inconsistent with the presence of a regional ice sheet over
the eastern Queen Elizabeth Islands during the late Wisconsinan, and that together with
isobases drawn on the 8ka shoreline, implies a possible neotectonic contribution to uplift. This
neotectonic hypothesis is supplanted by his revision to a more extensive regional ice cover
during the late Wisconsinan (England, 1998, in press).

This paper presents new data from southern Eureka Sound where similarly high
deglacial shorelines (>140 m asl) are recorded. It attempts to integrate these new data with
previously published work (see above) on Holocene emergence from northern Eureka Sound

with the objective of reconstructing the pattern of Holocene shoreline delevelling for Eureka

Sound as a whole.
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CHAPTER TWO
Late Wisconsinan glaciation of southern Eureka Sound, High Arctic Canada: evidence

for extensive Innuitian ice during the Last Glacial Maximum

2.1 INTRODUCTION

This paper is the first detailed study of the late Wisconsinan glacial history of southern Eureka
Sound, Queen Elizabeth Islands, Arctic Canada (Figs. 2.1 and 2.2). Blake (1970) originally
proposed the existence of an Innuitian Ice Sheet during the late Wisconsinan in this region
on the basis of a broad, southwestwards-oriented corridor of maximum Holocene emergence
extending from Eureka Sound to Bathurst Island. He argued that this emergence directly
reflected the crustal response to removal of a pan-archipelago ice sheet, which was coalescent
with the Laurentide Ice Sheet to the south and the Greenland Ice Sheet to the northeast. A
persistent problem with this reconstruction has been the lack of direct stratigraphic and
chronologic evidence for such an ice sheet along its proposed axis in Eureka Sound. To date,
the only detailed Quaternary investigations in this region are from the northern part of the
sound, and these have advocated a restricted late Wisconsinan ice cover (England 1987,
1990, 1992; Bell 1992, 1996), although recent work challenges that interpretation (Bednarski
1998; England 1998, in press).

This paper focuses on the largely unstudied southern part of Eureka Sound. It
significantly extends previous work to the north (England 1987, 1990, 1992; Bell 1992, 1996;
Bednarski 1995, 1998), and links studies conducted in the fiord heads of west-central
Ellesmere Island (Hodgson 1985) to recent Quaternary investigations in Norwegian Bay
(Hattestrand and Stroeven 1996)(Figs. 2.1 and 2.2). It thus connects the Quaternary record
of the alpine sector of the Queen Elizabeth Islands (Ellesmere and Axel Heiberg islands) (e.g.,
Hodgson 1985; Blake 1992a, 1993; Lemmen ef al. 1994; Bell 1996; Bednarski 1998;
England, 1997, 1998) to that of the central and western Arctic archipelago (e.g., Fyles 1965;
Balkwill et al. 1974; Hodgson 1982, 1989, 1990; Praeg 1989; Hittestrand and Stroeven
1996; Dyke in press a and b). The focus of this paper is predominantly on the Ellesmere
Island side of the channel, specifically Bay Fiord, Raanes Peninsula and northwestern
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Svendsen Peninsula, as well as Stor Island (Figs. 2.1 and 2.2). Emphasis is placed on the
reconstruction of late Wisconsinan ice configuration, dynamics and chronology.

The reconstruction presented here is based upon surficial geological and
geomorphological mapping, sedimentological investigations of glaciogenic and raised marine
deposits, radiocarbon dating of marine shells and driftwood, and surface exposure dating of
bedrock and erratics using cosmogenic Chlorine-36.

In this paper the term Last Glacial Maximum refers to the period of maximum ("full-
glacial") ice cover, prior to the onset of initial deglaciation. On western Ellesmere and Axel
Heiberg islands, AMS radiocarbon dates on shell fragments from till and outwash provide
maximum ages for the Last Glacial Maximum and indicate that it occurred sometime after 28-
27 ka BP (Bednarski 1998; This paper), and possibly as late as <20 ka BP based on an AMS
date on sub-till organic detritus (Blake 1992b). Deglaciation was underway by 10-11 ka BP
(Hodgson et al. 1991; Bednarski 1995, 1998). On eastern Ellesmere Island, AMS dates on
shell fragments in till indicate that the Last Glacial Maximum may have occurred <19 ka BP

(England 1998).

2.1.1 Previous Work

Early investigations into the glacial history of greater Eureka Sound noted the presence of
crystalline erratics (dominantly granite, gneiss and quartzite) derived from a source to the
east, probably under the Prince of Wales Icefield (Troelsen 1952; Fyles, in Jenness 1962;
Tozer 1963)(Fig. 2.2), as well as evidence for high relative sea levels of 150-160 m asl (Schei
1904; Farrand and Gadja 1962). Several workers (e.g., Fyles in Jenness 1962; Boesch 1963,
Hattersley-Smith 1969) also noted elevational differences with respect to the degree of
weathering and preservation of glacial landforms, and postulated that these reflected
variations in the magnitude of different regional glaciations, with the last being the most
restricted. These early observations broadly define contrasting reconstructions over the last
three decades concerning the extent of late Wisconsinan glaciation in the Queen Elizabeth
Islands which have essentially been divided between proponents of an extensive Innuitian Ice
Sheet (e.g., Blake 1970, 1972, 1977; 1992a and b; Blake e al. 1996; de Freitas 1990,
Tushingham 1991; Hughes and Hughes 1994; Funder and Hansen 1996; Hittestrand and
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Stroeven 1996; Bednarski 1998; England 1998, in press; Dyke in press a and b; Zreda et al.
1994, in press), and proponents of a more restricted ice cover, the Franklin Ice Complex
(e.g., England 1976, 1978, 1983, 1987, 1990, 1992, 1996; England and Bradley 1978;
Bednarski 1986; Lemmen 1989; Evans 1990; Bell 1996).

Eureka Sound has been a key area in this debate, and it provides a good illustration
of the issues around which these contrasting reconstructions have centred: (1) the large
amount of postglacial emergence in the region (~150 m), and whether this represents a solely
glacioisostatic response to the removal of a large regional ice load (cf. Blake 1970;
Tushingham; 1991), or reflects a smaller ice load possibly coupled to neotectonic adjustments
(cf. England 1992, 1997; Bell 1996); (2) the significance of a well defined “drift belt”
(Hodgson 1985) of glacial landforms and sediments at the heads of many fiords on western
Ellesmere and Axel Heiberg islands (Hodgson 1985; England 1990, Lemmen et al. 1994; O
Cofaigh Chapter 3, this volume), with respect to whether this marks the limit of late
Wisconsinan glaciation (Hodgson 1985; England 1990), or a stillstand during retreat of a
more extensive ice cover (Hodgson 1985); (3) a sparsity of fresh glacial landform/sediment
assemblages beyond this drift belt in many locations (e.g., England 1987, 1990; Lemmen et
al. 1994; Bell 1996; O Cofaigh Chapter 3, this volume), coupled with a greater degree of
weathering in many outer fiords and at higher elevations (Boesch 1963; England 1987,
England and Bradley 1978; England ef al. 1981; Bell 1996). Granite erratics and shelly till
beyond the drift belt demonstrate past glacial inundation of fiords and inter-island channels,
but were assigned by proponents of limited ice to older (late Tertiary/early Quaternary)
glaciations based on morphostratigraphy and amino acid ratios (Lemmen and England 1992,
Bell 1992). However, O Cofaigh (1997) proposed a late Wisconsinan age on the basis of the
association of granite dispersal trains with deglacial sediments of early Holocene age, and
more recently England (1998, in press) has proposed a similar age based on inferred regional
glaciological implications of extensive ice during the late Wisconsinan along eastern Ellesmere
Island.

This paper is the first detailed glacial geologic study of granite dispersal trains in Bay
Fiord and across southern Raanes Peninsula, and its objectives are to define their extent and

age. The location of the study area, which is largely situated beyond the drift belt of the inner
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fiords, tests conflicting reconstructions of ice extent in southern Eureka Sound during the late
Wisconsinan, and links Quaternary reconstructions on Ellesmere and Axel Heiberg islands
(e.g., England 1992; Bell 1996; Bednarski 1998) with the glacial record of the central and
western Arctic (e.g., Balkwill ez al. 1974; Hittestrand and Stroeven 1996; Dyke in press a

and b)

2.1.2 Regional Setting

Eureka Sound is the inter-island channel separating Ellesmere and Axel Heiberg islands and
extends from Norwegian Bay in the south to Nansen Sound in the north (Figs. 2.1 and 2.2).
Stor Island occupies the central part of the sound, whereas Raanes Peninsula and Bay Fiord
border the central and southern coasts (Fig. 2.2). Geologically the study area is dominated
by north-northeast striking limestone, sandstone, siltstone and shale of Ordovician,
Carboniferous, Triassic and Tertiary age, with local igneous dykes (Trettin 1991a).
Precambrian granite outcrops 60 km to the east and underlies the Prince of Wales Icefield
(Fig. 2.2). Uplands in the field area reach >1000 m asl and are dissected by fiords and valleys,
aligned both parallel to bedrock structure (e.g., Trold Fiord) and cross-cutting it (e.g., Bay
Fiord). Contemporary ice cover is limited to small, upland ice-caps, although the study area
is bordered to the east and west by extensive icefields on Ellesmere (Prince of Wales Icefield)
and Axel Heiberg islands (Figs. 2.1 and 2.2).

2.2 DATA PRESENTATION

2.2.1 Distribution of erratics

Raanes Peninsula and Bay Fiord

The most diagnostic erratic in the study area is granite, dominantly pink and red. Individual
erratics, often striated, range in size from small pebbles to large angular boulders (>3 m in
diameter), and exhibit varying degrees of weathering ranging from partially grussified to fresh.
However, no elevational differences were noted in their weathering characteristics. Granite
erratics and associated ice-moulded bedrock extend westwards across the study area from the
present ice-margin of the Prince of Wales Icefield which overlies the Canadian Shield of

southeastern Ellesmere Island (Figs 2.3 and 2.4). In many locations, granites form part of a
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Figure 2.3: Distribution of granite erratics above marine limit and ice-flow directional
indicators (striae, flutings, ice-moulded bedrock) in the study area. Each circle represents
a control point where granites were either observed (closed circle) or not observed

(open circle). Distribution of granitic till ("G") is from Hodgson (1979).
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Figure 2.4: Granite dispersal trains, western Ellesmere and eastern Axel Heiberg islands
(grey stiple), distribution of granite erratics above marine limit throughout western
Arctic islands ("G"), and extent of Canadian Shield rocks on Ellesmere and Devon
islands (black shading). Sources of erratic data: O Cofaigh (this volume), St. -Onge
(1965); Balkwill et al. (1974); Hodgson (1973, 1979, 1990, 1992, pers. comm. 1996);
Bell (1992); Bednarski (1996); Dyke (in press). Source of bedrock data: Trettin (1991a).
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silty diamict containing shell fragments. This diamict is interpreted as till on account of its
regional continuity above marine limit, presence of numerous erratics, often striated, and its
stratigraphic position directly overlying ice-moulded and striated bedrock indicating westerly
ice-flow, which is similar to the trajectory inferred from the granites themselves.

Tertiary fluvial deposits have been reported on western Ellesmere Island by several
workers (e.g., Fyles 1989; Hodgson et al. 1991; Bell 1992). Texturally, they are commonly
sandy, but localised beds of rounded pebble to cobble gravel have been recorded at the head
of Strathcona Fiord (Fyles 1989), and these contain granite (John Fyles, personal
communication 1998). These gravels lie in the path of any ice advancing westwards through
the Bay Fiord system from the Prince of Wales Icefield, and would therefore likely be
glacially-eroded and re-deposited. It is important to note however, that the fluvial pebble and
cobble gravels contrast texturally with a capping, regionally extensive diamict (2-3 m thick),
containing numerous striated, subangular-angular granite boulders, in some cases up to 3 m
in diameter, which forms the surficial unit at many localities across western Ellesmere Island
(cf. Fyles 1989; Hodgson et al. 1991; Bell 1992). It is probable therefore, that granite erratics
across the study area record glacial erosion and transport from the Canadian Shield under
Prince of Wales Icefield, as well as a subsidiary component of pebble-cobble sized clasts from
Tertiary fluvial deposits which were overridden and subsumed during westerly ice-flow.

The distribution of granites displays a distinct pattern across the study area (Fig. 2.3).
A major dispersal train extends westwards from the present margin of the Prince of Wales
Icefield through Irene Bay and Strathcona Fiord along the central axis of Bay Fiord to Stor
Island (Figs. 2.3 and 2.4). The principal source of this dispersal train is the Canadian Shield
beneath the Prince of Wales Icefield, as granite does not outcrop farther west (Trettin 1991a).
Along the south side of central and outer Bay Fiord, granites occur on summits as high as 722
m asl, and extend as far west as Cape Chase in Eureka Sound (Fig. 2.3). They also occur
close to the summit of Stor Island (480 m asl)(Troelsen 1952). On the north side of Bay
Fiord, granites were observed on the highest summit (764 m asl) separating Bay and Vesle
Fiords (Fig. 2.3), and on uplands immediately north of the mouth of Vesle Fiord. The

northward extension of this dispersal train along the east coast of Axel Heiberg Island and
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western Fosheim Peninsula (Fig. 2.4) was mapped by Bell (1992), who hypothesised that it
emanated from Bay Fiord. This is confirmed by the present work.

Abundant granites, commonly up to 1 m in diameter, occur to at least 500 m asl in
uplands immediately north of the head of Trold Fiord (Fig. 2.3). By contrast, south of the
fiord head, only one granite was observed on summits bordering the east side of Trold Fiord
to almost as far south as Starfish Bay. Granites were not observed on summits separating
Trold and Blind fiords, however, they reappear at the mouth of Trold Fiord where they are
rare. Finally, an extensive north to south helicopter traverse was undertaken along summits
bordering the east side of Eureka Sound, from Cape Chase to Bear Corner (Figs. 2.2 and
2.3). Granite erratics were observed only at Cape Chase, Trapper’s Cove (see below), and
rarely between Hare Bay and Blind Fiord (Fig. 2.3). In inner Trapper’s Cove, one granite was
found on a recessional moraine 15 m above local marine limit, although granites are common
in adjacent raised marine sediments.

In the southern part of the study area, granites are ubiquitous above marine limit in
Starfish and Jaeger bays (Fig. 2.3), and are common on intervening summits (up to 1036 m
asl). Widespread granitic till extends eastwards to the margin of the Prince of Wales Icefield
(Hodgson 1979), indicating that this is the source of the erratics (Fig. 2.3). However, along
the north shore of outer Baumann Fiord from Trold Fiord westwards to Eureka Sound,

granites are rare and limited to the mouth of Trold Fiord and west of Blind Fiord.

Adjacent areas
South of Baumann Fiord, D. Hodgson (personal communication 1996) recorded granite
erratics above marine limit on southern Bjorne Peninsula. Hodgson (1979) also mapped
discontinuous granitic till between Makinson Inlet and Baumann Fiord, as well as extensive
areas of granitic till >300 m asl along the west and east sides of Vendom Fiord. Granitic till
can be traced to Vendom Fiord head and extends across Braskeruds Plain to the
contemporary ice-margin (Hodgson 1973, 1979)(Fig. 2.4).

On a regional scale, granite erratics have been observed on many islands in the
western Arctic Archipelago. In Norwegian Bay, Balkwill et al. (1974) documented granites

up to Im in diameter above marine limit on Amund Ringnes Island, and St.-Onge (1965)
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similarly recorded granites on Ellef-Ringes Island (Fig. 2.4). However, to the south, granite
erratics are absent above marine limit on Grinnell Peninsula, Devon Island (Dyke in press a)
and Bathhurst Island (Bednarski 1996).

In summary two granite dispersal trains are recognised in the study area. The first is
centred along the axis of Bay Fiord (Fig. 2.4), and extends northward along the east coast of
Axel Heiberg Island and western Fosheim Peninsula to Nansen Sound (cf. Fyles in Jenness
1962; Bell 1992). The second granite dispersal train extends through Starfish and Jaeger bays,
and discontinuously along the north side of outer Baumann Fiord (Fig. 2.4). No southward
(lateral) termination in the extent of this dispersal train was observed in the study area, and
based on the occurrence of granite erratics further to the south and southeast (Hodgson 1973,
1979, personal communication 1996), it is possible that it forms part of a larger dispersal

train which extends generally through Baumann Fiord and across Bjorne Peninsula.

2.2.2 Glacial geomorphology
The pattern of glacial landforms in the study area is illustrated on Fig. 2.5. Key aspects are
highlighted in the following section which describes Raanes and northwestern Svendsen

peninsulas (Starfish and Jaeger bays), followed by Bay Fiord and Stor Island.

Raanes Peninsula and northwestern Svendsen Peninsula

Fresh, fiord-parallel striae and roches moutonnées in carbonate bedrock record westerly-
flowing trunk glaciers in Starfish and Jaeger bays (Fig. 2.5). A southwesterly deflection in the
orientation of striae at the mouth of Starfish Bay demonstrates coalescence with trunk ice in
Trold Fiord, and south-southwest oriented striae at the mouth of the latter fiord indicate that
this coalescent ice then flowed into Baumann Fiord. Throughout the field area, ice-moulded
bedrock is frequently overlain by massive diamict with striated and faceted clasts, including
granite, which is interpreted as till. The diamict in turn, is typically succeeded by fossiliferous
raised marine sediment in the form of beaches, deltas and extensive accumulations of silt,
which are particularly common at fiord heads (e.g., Trold Fiord, Starfish Bay and Jaeger
Bay).
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Figure 2.5: Glacial geomorphology, southern Eureka Sound. Dashed line encompasses
area after Hodgson (1979).
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West of Trold Fiord, lateral meltwater channels record radial, ice-marginal retreat
towards the interior of Raanes Peninsula (Fig. 2.5). Channels are particularly well developed
in strike-aligned fiords and valleys (e.g., Blind Fiord), where they grade to raised deltas and
beaches which mark local marine limit. Lateral meltwater channels incised into till and
bedrock are also well developed on northern Raanes Peninsula along Eureka Sound and outer
Bay Fiord, where they demonstrate onshore ice retreat, generally perpendicular to the present
coastline (Fig. 2.5).

Ice-marginal landforms (moraines, lateral meltwater channels and kame deltas)
marking the progressive retreat of a trunk glacier are rare throughout Trold Fiord, probably
due to its cliffed topography. However, the passage of ice through the outer fiord is recorded
by fresh, fiord-parallel striae and till, overlain by raised marine deposits (Fig. 2.5). Lateral
meltwater channels are also not widely developed along the cliffed, west coast of Raanes
Peninsula bordering Eureka Sound, particularly north and south of Trapper’s Cove (Fig. 2.5).
Where they do occur, however, they demonstrate easterly ice retreat, generally perpendicular
to the coast. Channels, arcuate moraines and associated glaciomarine deltas are well
developed in Trapper’s Cove, and similarly document the easterly recession of ice from
Eureka Sound into the interior of Raanes Peninsula (Fig. 2.5).

At many locations, ice-moulded bedrock and/or lateral meltwater channels do not
terminate on land, but rather can be traced to the coastline or to fiord mouths where they
record the extension of ice offshore (e.g., Trold Fiord, Starfish Bay, Jaeger Bay, Trapper’s
Cove, northern Raanes Peninsula). Moraines and ice-contact deltas thus mark recessional
positions formed during deglaciation. A particularly prominent belt of ice-contact depositional
landforms is present at fiord heads and marks a major stillstand during retreat (cf. the "drift
belt" of Hodgson 1985; O Cofaigh Chapter 3, this volume).

Glacial landforms are poorly developed along outer Baumann Fiord immediately west
of Blind Fiord, and are limited to proglacial meltwater channels that descend to marine limit
and rare dissected accumulations of deltaic sand. Locally, shelly till forms a patchy veneer on
uplands. Sandstone tors, felsenmeer and shattered to grussified gabbro erratics of local

provenance occur throughout the area, although it is noteworthy that relatively unweathered
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gabbro erratics are also present. Well developed flights of raised beaches trim coastal uplands
and extend to washing limits marking local marine limit (=138->142 m asl).

Thick (granitic) till is limited to northern Raanes Peninsula along the Bay Fiord and
Eureka Sound coasts. Limestone-rich till containing granite erratics is common throughout
Starfish and Jaeger bays. Elsewhere, till is present as a patchy veneer, or there are occasional
sparse erratics. Nowhere was more than one basal till observed in stratigraphic section, and

this always forms the lowermost unit of such sequences.

Bay Fiord
Bay Fiord extends eastwards from Stor Island and comprises in its inner part, the tributaries
of Strathcona Fiord and Irene and Augusta bays (Fig. 2.2). A prominent belt of ice-contact
landforms and sediments at the heads of these three tributaries documents a major stillstand
during deglaciation (Hodgson 1985). Ice-moulded and striated carbonate bedrock, recording
westerly ice-flow, underlies these landforms and can be traced westwards to the mouth of Bay
Fiord. This ice-flow is also recorded by fluted till along the north shore of inner Bay Fiord
(Fig. 2.5). Ice-moulded bedrock is commonly overlain by granitic till and/or fossiliferous
raised marine silt (see Section 2.2.1 above). At the fiord mouth, evidence for flow of trunk
ice into Eureka Sound is present on Hat Island, where granitic till overlies striated carbonate
bedrock (Fig. 2.5). Stoss-side striae orientations record westerly ice flow towards Stor Island.
Similar ice-moulded and striated bedrock overlain by granitic till and raised beaches occurs
at the mouth of Bay Fiord on its south side (Fig. 2.5), and documents southwesterly flow of
trunk ice from Bay Fiord into Eureka Sound.

Lateral meltwater channels, graded to raised deltas and beaches in central and outer
Bay Fiord, record easterly receding trunk ice, and, along the south side of the fiord, retreat
towards the interior of Raanes Peninsula (Fig. 2.5). On the south central side of the fiord,
occasional mounds of gravel outwash (inferred to be kames), containing numerous
fragmented shells, occur at 170-200 m asl, well above local marine limit (112-120 m asl).
Further east, in inner Bay and central Strathcona fiords, lateral channels graded to large ice-

contact deltas and gravel berms marking local marine limit document successive stages in the

eastwards retreat of trunk ice.
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Finally, on the south side of outer Bay Fiord ("x" Fig. 2.5), a section (18 m high by
~60 m across) of raised marine silt contains abundant paired valves of Astarte borealis and
occasional Mya truncata. The silt has been over-folded from the south-southeast and the top
of the fold crudely truncated. Deformation decreases to the north (coastwards) across section,
but small-scale deformation of individual silt and sand units in the form of chevron folding and
normal faulting is common. This deformation is interpreted as glaciotectonic because of the
lateral decrease in deformation across-section towards the coast, which is the opposite to that

which might be expected from the onshore grounding of an iceberg, and the subsequent

truncation.

Stor Island

The pattern of lateral and proglacial meltwater channels and associated raised marine deltas
(Fig. 2.5) demonstrates ice retreat into the interior of the island. That this succeeded the
breakup of ice in Eureka Sound is suggested by prominent lateral meltwater channels graded
to marine limit (>145 - <151 m asl) along the north coast of the island. The location of these
channels indicates that they formed at the margin of down-wasting trunk ice in Eureka Sound
which was wrapped around the north coast of Stor Island, and retreating generally eastwards
towards inner Bay Fiord.

On the west coast of Stor Island, a large delta occurs at the mouth of a valley draining
the interior (Fig. 2.5). A 15 m high section at the base of the delta exposes a sequence of
gravel, diamict and sand. The lowermost 8 m consists predominantly of poorly-sorted,
massive gravel with occasional a(t) b(i) imbrication. This gravel is succeeded by 3 m of
alternating beds of massive silty diamict and massive boulder gravel, which dip coastward and
wedge out up-slope. The section is capped by 3 m of horizontally-bedded fine sand with
abundant paired valves of M. truncata, A. borealis, Hiatella arctica and occasional
Clinocardium ciliatum.

Lowermost gravel was deposited from traction, probably in a subaerial environment,
given the presence of a(t) b(i) imbrication. Overlying wedges of diamict and boulder gravel
are inferred to be sediment gravity flow deposits on account of their wedge-like geometry and

bedding dips. Such alternations of massive, poorly sorted gravel to diamict could reflect an
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ice-proximal depositional environment (cf. Stewart 1991; Aitken and Bell 1998), although it
is noteworthy that till is absent from the sequence. In contrast, uppermost fine sands are
better sorted and contain abundant macrofauna, and may record the onset of more distal
sedimentation. Alternatively, the sediments could equally represent a non-glacial,
transgressive sequence, with initial subaerial fluvial sedimentation, followed by sediment

gravity flows from the valley sides, subsequent submergence and faunal colonisation.

2.2.3 Marine Limit
Marine limit refers to the maximum elevation attained by the sea along a glacioisostatically
depressed coastline. Its elevation at a site is a function of both distance from the former edge
of the ice sheet (which is a measure of the ice thickness over the site), date of deglaciation and
eustatic sea level rise (Andrews 1970). In areas where former glaciers contacted the sea,
marine transgression behind the former ice margin occurs concurrently with ice retreat, and
hence accurate recognition and dating of marine limit allows the timing of deglaciation to be
established. Throughout the study area, marine limit is marked by following features: (1) The
highest raised marine delta or beach; (2) The lowest altitude of undisturbed till or felsenmeer
(washing limits). Such washing limits are commonly marked by a notch cut in the till with a
well sorted sediment veneer below, or by an abrupt textural transition between poorly sorted
bouldery till/felsenmeer, and well sorted washed sediment below; (3) The highest elevation
at which well preserved marine shells were found. The latter provides only a minimum
estimate on marine limit. It was not used in areas where shelly till outcrops.

The highest marine limit observed in the study area occurs on the north coast of Stor
Island at >145 - <151 m asl (Fig. 2.6). High marine limits >140 m asl also occur along the
south coast of Raanes Peninsula between Eureka Sound and Trold Fiord (Fig. 2.6). Fiords
on southern Raanes Peninsula and northwestern Svendsen Peninsula (Blind Fiord, Trold
Fiord, Starfish Bay, Jaeger Bay) exhibit a consistent drop in marine limit from mouth to head.
For example, in Trold Fiord, marine limit falls from 143 m asl at the fiord mouth to 98 m asl
at the head, whereas in Starfish Bay it falls from 113 to 80 m asl.

Along the east side of Eureka Sound, north of Hare Bay, marine limit is recorded by
deltas at the mouths of valleys reaching the coast. In inner Trapper’s Cove, ice-contact deltas

27



Axel
Heiberg

68
76

4 ? Delta (m asl)
Island

75
44504

Figure 2.6: Marine limit elevations (m asl) marked by the uppermost delta,
washing limit or raised beach, southern Eureka Sound. Italicised marine limit
elevations are from Hodgson (1985).
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grade to relative sea levels at 118-120 m asl (Fig. 2.6). This contrasts with the outer cove and
Eureka Sound coast, where marine limit is marked by raised beaches at 83 m asl (minimum),
and deltas immediately to the south at 99 m asl (Fig. 2.6). The north coast of Raanes
Peninsula, along Eureka Sound and Bay Fiord, is characterised by a highly variable marine
limit which ranges from 76 to 120 m asl in outer and central Bay Fiord respectively, before
falling progressively to 65-87 m asl at the heads of Strathcona Fiord and Irene Bay (Fig. 2.6).
Regionally therefore, marine limit exhibits an overall decrease in elevation eastwards from

Eureka Sound to the fiords heads. However, this decrease is variable over short distances.

2.2.4 Chronology

Pre-Holocene radiocarbon dates

Twelve radiocarbon dates were obtained by Accelerator Mass Spectrometry (AMS) on
individual, glacially-redeposited, shell fragments from till and coarse outwash (Fig. 2.7 and
Table A.1; see Appendix A for Chapter 2 tables). To avoid a mixture of different-aged shells,
only individual fragments were dated. Such dates provide a maximum age on the glacier
advance responsible for shell transport, and hence the youngest dates are the most instructive
with respect to the timing of glaciation. With the exception of one date (27.3 ka BP; AA-
23605; Site 3, Fig. 2.7 and Table A.1), these ages are all >30 ka BP, and are thus probably
minimum ages given the possibility of contamination by younger carbon (Bradley 1985). For
example, shells with finite radiocarbon ages of >30 ka BP from Nansen Sound to the north
were inferred to be Pliocene on the basis of their amino acid ratios (Bednarski 1995). Thus
the validity of radiocarbon dates >30 ka BP from the study area is regarded as uncertain,
although others have assumed a finite age for such dates (Blake 1992b).

Only two samples of paired valves in growth position from the study area provided
pre-Holocene radiocarbon dates. Both samples consisted of single valves of H. arctica,
collected from 15 m asl at the top of the section on the west coast of Stor Island described
above (Section 2.2.2). The first sample dated 46,850+2800 BP (AA-23585; Site 8, Fig. 2.7
and Table A.1), whereas the second dated 47,790+350 (AA-27489). Hodgson (1985)
reported a date of 30,100+750 BP on whole and fragmented valves collected from the surface
of gravelly silt mantling weathered bedrock (108 m asl) in Baumann Fiord (GSC-2700; Site

29



o 4 820 353106 Radiocarbon

Axel 86° date and site
Heiberg \. location no.
Island (Sites 1-8)

Chlorine-36 date
AP o site Tocation
no. (Sites 1-6)

— 79°

Figure 2.7: Pre-Holocene radiocarbon and Chlorine-36 dates, southern Eureka Sound.
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7, Fig. 2.7 and Table A.1). He interprets this sample as having been either glacially-
transported or deposited during an earlier marine episode and preserved beyond the limit of

late Quaternary glaciation (Hodgson 1985, Table 1).

Holocene radiocarbon dates
Holocene radiocarbon dates obtained on raised marine shells and driftwood are listed in Table
A2and importé.nt dates are shown on Fig. 2.8. The oldest deglacial date in the study area is
from outer Trold Fiord, and was obtained on a sample of paired valves of Portlandia arctica
from the base of a morainal bank which overlies till and striated bedrock. This yielded an
AMS radiocarbon date of 9200+110 BP [10150 (9940) 9690 cal BP'](TO-5604; Site 56, Fig.
2.8 and Table A.2). Paired valves of P. arctica from the top of the bank gave an AMS date
of 8840+80 BP [9810 (9510) 9380 cal BP}(TO-5592; Site 55). Down-fiord from this site,
two individual fragments of H. arctica from beaches at the fiord mouth provided AMS ages
of 8725+65 BP [9600 (9430) 9250 cal BP] and 864560 BP [9500 (9370) 9180 cal BP]
respectively (AA-23583 and AA-23591; Sites 42 and 43, Fig. 2.8 and Table A.2). The
beaches directly overly striated bedrock recording flow of Trold Fiord ice into Baumann
Fiord. Further west, at Bear Corner, a surface collection of whole valves and fragments of M.
truncata and H. arctica from a raised beach dated 8750+100 BP [9760 (9440) 9200 cal
BP]J(GSC-6028,; Site 27). Localised patches of shelly granitic till (see TO-5602; Site 5, Fig.
2.7 and Table A.1) occur above marine limit throughout this area. Paired valves of P. arctica
from ice-contact deltas in Trapper’s Cove yielded AMS ages of 9030+70 BP [9930 (9810)
9540 cal BP] and 8925+70 BP [9850 (9630) 9460 cal BP](AA-23587 and AA-23593; Sites
23 and 24, respectively, Fig. 2.8 and Table A.2). All these dates are from recessional deglacial
sediments and are thus minimum dates on initial deglaciation.

Along the north and west coasts of Raanes Peninsula dates of 8245+90 BP [9140
(8910) 8540 cal BP](AA-23592; Site 25, Fig. 2.8 and Table A.2); 7745+60 BP [8380 (8260)
8090 cal BP](AA-23590; Site 21) and 718065 BP [7840 (7660) 7530 cal BP](AA-23598;

Site 18) were obtained from ice-contact deposits which formed subsequent to deglaciation

1 All 'C dates were calibrated using CALIB 3.0 (Stuiver and Reimer 1993). Calibrated dates are
reported to 2 standard deviations.
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of the adjacent fiords. However, several fiords in the region exhibit early Holocene dates from
sites at both their heads and outer fiords; Starfish Bay 8710120 BP [9730 (9420) 9060 cal
BPJ(GSC-2719; Site 48, Fig. 2.8 and Table A.2) in the inner fiord, and 884080 BP [9810
(9510) 9380 cal BPJ(TO-5592, Site 55) at the fiord mouth; Blind Fiord 8310+80 BP [9210
(8950) 8630 cal BP](TO-5608; Site 34) in the inner fiord, and 8590470 BP [9460 (9330)
9060 cal BP](TO-5862, Site 29) at the fiord mouth; Trapper’s Cove 9030+70 BP [9930
(9810) 9540 cal BP](AA-23587; Site 23) at the fiord head, and 824590 [9140 (8910) 8540
cal BP]J(AA-23592, Site 25) south of the fiord mouth; and Bay Fiord 8820+90 BP [9810
(9490) 9340 cal BP](GSC-1978; Site 5) at the fiord head (Irene Bay) and 8190 [8970 (8740)
8540 cal BP](AA-23588; Site 20) at the mouth.

Cosmogenic Chlorine-36

Reaction of cosmic rays with nuclei of K, Ca, and Cl atoms in exposed rock surfaces results
in the development and accumulation of *Cl over time (Phillips 1995). Some *Cl is produced
in the subsurface, but the production rate there is 2-3 orders of magnitude lower than that
derived from cosmic ray activity at the surface (Lowe and Walker 1997). Therefore, once
a surface is exposed, it commences a much higher rate of *Cl production. If the subsurface
and cosmic ray production rates are known, the exposure time can be calculated from the
amount of accumulated 3*Cl (see Phillips 1995). The range of the technique is from a few
thousand to one million years, and it is thus potentially of great utility for distinguishing
between surfaces of different age. In the Canadian High Arctic, **Cl dating has been used on
eastern Ellesmere Island to date late Quaternary striated bedrock surfaces, glacial erratics and
moraines (Zreda et al. 1994, in press). There, **Cl dates on Holocene surfaces correspond to
radiocarbon ages on the same surfaces (Zreda et al. in press).

Samples of erratics (4) and igneous bedrock (2) were collected for *Cl dating, in
order to constrain the age of the dispersal trains and glaciated terrain distal to the “drift-belt”
(Hodgson 1985) (Fig. 2.7 and Table A.3). Erratic samples were obtained from the granite
dispersal trains in the study area (see above), and consisted of three granite boulders and one

gabbro. Two bedrock samples were collected from outer Baumann Fiord, east and west of
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the mouth of Blind Fiord respectively. Sample preparation and dating was carried out by Dr.
M. Zreda, University of Arizona.

Two samples were obtained from granite boulders of the Bay Fiord dispersal train.
The first sample was collected at 158 m asl from the south side of the fiord mouth (Site 1,
Fig. 2.7 and Table A.3). This boulder rested on a veneer of granitic shelly till directly
overlying striated bedrock recording southwesterly flow of trunk ice from Bay Fiord into
Eureka Sound. This dated 11,100+1100/10,800+1100 BPZ. Raised beaches are inset around
this ice-moulded bedrock and mark marine limit at 111-116 m asl. A sample of H. arctica
from a beach at 98 m asl dated 819060 BP [8970 (8740) 8540 cal BP](AA-23588; Site 20,
Fig. 2.8 and Table A_2) and provides a minimum estimate for deglaciation and establishment
of marine limit. A second erratic sample was collected at 155 m asl along the south shore of
central Bay Fiord and dated 21,000:£2100/20,700+2100 BP (Site 2, Fig. 2.7 and Table A.3).

A third sample was collected from a granite boulder on a summit at 762 m asl between
Starfish and Jaeger bays. This sample was from the granite dispersal train in the southern part
of the study area, which crosses northern Svendsen and southern Raanes peninsulas. It dated
28,000+2800/29,900+3000 BP (Site 3, Fig. 2.7 and Table A.3). Further west, along the north
coast of outer Baumann Fiord, a sample was collected from a gabbro dyke at 381 m asl. This
dated 16,000+1600/15,600+1600 BP (Site 4, Fig. 2.7 and Table A.3). The surrounding area
is mantled by a diamict with occasional shell fragments. The shell fragments are inferred to
be glacially-redeposited on account of their fragmented nature and elevation (>260 m asl),
which is considerably higher than marine limit in this area (143 m asl), and thus the enclosing
diamict is interpreted as till.

Finally, two samples were collected west of the mouth of Blind Fiord (Sites 5 and 6,
Fig. 2.7 and Table A.3). The first was from a gabbro dyke at 234 m asl which dated
29,700+3000/27,600+2800 ka BP, whereas the second was from a gabbro erratic resting on
sandstone bedrock at 324 m asl, which dated 46,400+4600/38,900+3900 BP. Throughout this

2 Chlorine-36 dates are reported as two figures, both in calender years BP. The first age assumes
zero erosion, while the second age assumes erosion of 5 mmvka. The latter value is arbitrarily
choosen as the upper limit of possible erosion (M. Zreda pers. comm. 1998). Neither age assumes
any pre-exposure of the sample.
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area, shelly till with rare granite erratics forms a patchy veneer locally above marine limit.
AMS radiocarbon dates on shell fragments from this till yielded ages of 35-36 ka BP (sites
5, 6a and 6b; Fig. 2.7 and Table A.1) and conventional and AMS dates on shells associated
with marine limit (=138 - <142 m asl), inset into the till, provided ages of 8750+100 BP [9760
(9440) 9200 cal BP)(GSC-6028; Site 27, Fig. 2.8 and Table A.2) and 8590+70 BP [9460
(9330) 9060 cal BPJ(TO-5862; Site 29).

2.3 DISCUSSION

2.3.1 Age of granite dispersal trains in southern Eureka Sound

Granite dispersal trains and associated fine-grained shelly till and ice-moulded bedrock record
regional westerly ice-flow from the Prince of Wales Icefield to Eureka Sound via Bay Fiord,
and across northern Svendsen and southern Raanes peninsulas. Marine limit is superimposed
onto both dispersal trains in the form of raised deltas and beaches, and records deglaciation
of the granite-carrying regional ice. Throughout southern Eureka Sound all radiocarbon dates
indicate that marine limit is early Holocene. Evidence for pre-Holocene raised marine
shorelines was not found. Similarly, glacial geologic evidence exists for only one glacial cycle
in southern Eureka Sound. This implies that the ice responsible for deposition of the granite
erratics retreated during the early Holocene, and therefore the dispersal trains are late
Wisconsinan in age. There is no litho- or morphostratigraphic evidence to ascribe deposition
of the dispersal trains, or parts thereof, to different glaciations (Bell 1992).

The only samples of paired bivalves which yielded pre-Holocene radiocarbon ages in
the study area were obtained from a site on the west coast of Stor Island (see above). There
is no direct stratigraphic relationship between these samples (15 m asl) and local marine limit
(124 m asl) at this site. Available radiocarbon dates on marine limit elsewhere on Stor Island
and along the Eureka Sound coast of northern Raanes Peninsula (Fig. 2.8) are all Holocene.
Therefore these sediments may record a small pocket of older marine deposits which survived
subsequent glacial overriding during the late Wisconsinan. A maximum age for this advance
through Bay Fiord is provided by a radiocarbon date obtained on a glacially-redeposited shell
fragment from glaciofluvial outwash in central Bay Fiord (AA-23605; Site 3, Fig. 2.7 and
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Table A.1) which indicates that trunk ice advanced westwards into Eureka Sound <27.3 ka
BP.

Age estimates on these dispersal trains are also provided by Chlorine-36 surface-
exposure dates on three granite erratics, one gabbro erratic and two bedrock outcrops. Three
of these samples, two granite erratics from Bay Fiord (Sites 1 and 2, Fig. 2.7 and Table A.3)
and one bedrock outcrop from outer Baumann Fiord (Site 4, Fig. 2.7 and Table A.3) reinforce
the above interpretation of a late Wisconsinan age. The three remaining samples yielded pre-
late Wisconsinan ages of 27-29 ka BP (Sites 3 and 5, Fig. 2.7 and Table A.1), and 46/38 ka
BP (Site 6, Fig. 2.7 and Table A.1). These dates could indicate deglaciation during the mid-
Wisconsinan, and therefore that the sites were not subsequently ice-covered during the late
Wisconsinan, although the lack of glacial geologic evidence for pre-late Wisconsinan
glaciation (see above) argues against this. Alternatively they may indicate some prior

exposure of the samples, in which case they would therefore represent maximum dates.

2.3.2 Last Glacial Maximum

Ice configuration and dynamics

In southern Eureka Sound, granite dispersal trains, shelly till and striated bedrock record
regional, westerly flow of warm-based ice during the Last Glacial Maximum, (1) along the
axis of Bay Fiord, and (2) across northern Svendsen and southern Raanes peninsulas, both
emanating from a divide in the vicinity of the present Prince of Wales Icefield (Fig. 2.9). This
flow overtopped summits at 1036 m asl between Starfish and Jaeger bays, and at 764 m asl
between Bay and Vesle fiords. The intervening, predominantly granite-free, area of Raanes
Peninsula was also ice-covered at this time (Fig 2.9), as evidenced by the pattern of deglacial
landforms, in particular lateral meltwater channels, and by the timing of deglaciation which
regionally is early Holocene (see sections 2.3.2 and 2.3.5 above).

The Bay Fiord dispersal train exhibits a crudely convergent flow pattern and appears
to be focussed along the fiord axis. This suggests that Bay Fiord was a major conduit for ice-
flow draining an expanded Prince of Wales Icefield during the Last Glacial Maximum, and
was bordered to the south by locally-nourished ice in the interior of Raanes Peninsula (Fig.

2.9). Such a reconstruction is particularly likely, given that the topographic effect of this deep
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Figure 2.9: Proposed palaeogeography of the Last Glacial Maximum in southern
Eureka Sound, showing location of ice-divides, extent of local and regional
(granite-carrying) ice and associated principal ice-flow directions.
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fiord (>300 m water depth) would have been to focus westerly-flowing ice from the Prince
of Wales Icefield, and so promote development of preferential flow along its axis.

The pattern of granites and striae throughout Bay Fiord and central and southern
Eureka Sound, indicates that granite-carrying ice exited Bay Fiord, overtopped Stor Island,
and flowed north and south along Eureka Sound (Fig. 2.9)(cf. Fyles in Jenness 1965; Bell
1992). Bell (1992) mapped the northward extension of this flow (although he inferred a much
older age; see below) along eastern Axel Heiberg Island and northwestern Fosheim Peninsula,
and traced its limit to the entrance to Nansen Sound. South of Cape Chase, granites are
absent from summits along the Raanes Peninsula coast of Eureka Sound until immediately
south of Hare Bay. This suggests that granite-carrying ice was kept offshore along the central
axis of the sound by the presence of Raanes Peninsula ice along the coast (Fig. 2.9). Rare
granites in shelly till south of Hare Bay may record the onshore flow of Eureka Sound ice,
which was able to expand across the lower elevation terrain. Alternatively, they could be part
of the granite dispersal train across northern Svendsen and southern Raanes peninsulas.

Granite erratics are ubiquitous in Starfish and Jaeger bays, but they exhibit a dramatic
decrease at the mouth of Trold Fiord, and are rare westwards to Eureka Sound (section 2.2.1
above). This pattern may record outflow of ice from Trold Fiord, which deflected granite-
carrying ice flowing across northwestern Svendsen Peninsula off-shore into Baumann Fiord.
The deflected ice would probably have coalesced with southerly-flowing trunk ice exiting
Eureka Sound, and flowed southwestwards towards Norwegian Bay (Fig. 2.9).

An extensive ice cover is therefore inferred for the Last Glacial Maximum in southern
and central Eureka Sound. This consisted of expanded ice-caps from Ellesmere and Axel
Heiberg islands which were coalescent along the length of Eureka Sound, and likely extended
continuously northwards through Nansen Sound, as Bednarski (1998) reports infilling of the
latter by ice during the Last Glacial Maximum. The westerly ice-flows which deposited the
granite dispersal trains emanated from an ice-divide to the east of the study area, probably
roughly coincident with the contemporary divide under the Prince of Wales Icefield (Fig. 2.9).
Easterly flow from this same divide occurred during the Last Glacial Maximum, and was
coalescent with Greenland ice infilling Nares Strait (Blake ef al. 1992; England 1998, in

press; Zreda et al. in press). Westerly flow towards Eureka Sound was also likely mirrored

38



by a component of easterly flow from a divide over central Axel Heiberg Island. Subsequent
flow of coalescent ice to the north and south along Eureka Sound then occurred.

Minimum estimates on ice thickness in Eureka Sound during the Last Glacial
Maximum are provided by the elevations of granite erratics. Granites occur at 722 m asl at
the mouth of Bay Fiord, and at 764 m asl between Bay and Vesle fiords, providing minimum
elevations for the former ice surface in outer Bay Fiord. Water depths in the outer fiord reach
422 m immediately southeast of the Gretha Islands (Fig. 2.3)(all charted water depths are
from Department of Fisheries and Oceans, 1979). This indicates a former ice thickness of at
least 1186 m where Bay Fiord ice entered Eureka Sound. North of Stor Island, along the east
coast of Axel Heiberg Island, Bell (1992) reports granites on summits at 725 m asl adjacent
to Eureka Sound (local water depth up to 353 m), indicating a minimum ice thickness of 1086
m. However, Koerner ef al. (1987) proposed that the ice divide over the Agassiz Ice Cap
during the Wisconsinan was only 200 m thicker than today (currently 500-800 m, Koerner
1989). Similarly, glaciological modelling of an Innuitian Ice Sheet-type glacier cover in the
Canadian High Arctic by Reeh (1984) results in a main ice-divide ~700-1000 m thick, located
along the highlands of eastern Ellesmere Island, with local domes up to 2300 m asl over the
present ice-caps. Proposed maximum ice thicknesses are 1500 and 2000 m (ice-margins
placed along the 200 and 600 m sea-depth contours respectively), and these occur west of the
main divide in the vicinity of Fosheim Peninsula/Eureka Sound (Reeh 1984, Fig. 4) and
Norwegian Bay.

Collectively, this suggests that although the thickest ice may have been located in
Eureka Sound (an interpretation supported by the pattern of postglacial emergence, see
section 2.2.3 above, and O Cofaigh Chapter 4, this volume), the ice divides which fed this
were situated on the alpine highlands to the east and west (Fig. 2.9). No evidence was found
for ice-flow into southern Eureka Sound from Norwegian Bay. The reconstruction of late
Wisconsinan glaciation advocated here most closely approximates the Innuitian Ice Sheet

model of Blake (1970).
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2.3.3 Deglaciation
Deglaciation of southern Eureka Sound commenced prior to 9200+110 BP [10150 (9940)

9690 cal BP](Section 2.2.4 above; Fig. 2.8 and Table A.2), and trunk ice had vacated the
sound by 9030+70 BP [9930 (9810) 9540 cal BP). Several fiords exhibit early Holocene
radiocarbon dates at their heads, in addition to the outer fiords (Section 2.2.4 above; Fig. 2.8
and Table A.2). This indicates that these fiords were characterised by rapid retreat of trunk
glaciers back to the fiord heads.

Along the north and west coasts of Raanes Peninsula, glacial geomorphic evidence
demonstrates ice-retreat generally perpendicular to the present coastline, following break-up
in the adjacent fiords. Radiocarbon dates from ice-contact deposits indicate a period of ice-
marginal stabilisation in the vicinity of the present coastline until (locally) as late as 7180+65
BP [7840 (7660) 7530 cal BP], prior to retreat into the interior of Raanes Peninsula. Low
marine limits at the mouths of some valleys along the coast in these areas (Fig. 2.6) also
suggest the presence of locally persisting glaciers which excluded the sea.

The style of deglaciation reconstructed from the available radiocarbon and
geomorphic evidence indicates a two-step retreat pattern. Initial break-up and radial retreat
by calving of trunk glaciers in the larger fiords and inter-island channels commenced prior to
9.2 ka BP, and this initial phase of retreat was rapid in some fiords (cf. O Cofaigh Chapter
3, this volume). This was followed by terrestrial stabilisation in the narrower and shallower
inner fiords, and along coastlines adjacent to the larger channels, preceding recession back
to the present ice-margin or peninsula interiors. Regionally, evidence for a two-step pattern
to early Holocene deglaciation has been presented for western Axel Heiberg and eastern
Ellesmere islands (Lemmen et al. 1994; England in press).

The earliest radiocarbon date on the deglaciation of southern Eureka Sound is
9200+110 BP [10150 (9940) 9690 cal BP](Fig. 2.8 and Table A.2). Earlier deglacial dates
of 11,660+80 BP [13,510 (13,250) 13,040 cal BP] and 10,300+100 BP [11,950 (11,460)
11,010 cal BP](Fig. 2.10 and Table A.4) have been reported to the north from outer Nansen
Sound/Otto Fiord (Bednarski, 1995, 1998), whereas Hodgson ez al. (1991) report a date of
10,600 BP [12,420 (12,110) 11,610 cal BP] from Fosheim Peninsula (Fig. 2.10 and Table
A.4). This implies either (1) an asymmetry in the timing of initial deglaciation at the two ends
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Figure 2.10: Early Holocene deglacial dates from Eureka Sound and Nansen Sound,
Ellesmere and Axel Heiberg islands. "ES" = Eureka Sound, "NS" = Nansen Sound.
Sources: O Cofaigh (this volume); Hodgson et al. (1991); Hein and Mudie (1991);
Bell (1996); Bednarski (1995; 1998).
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of Eureka Sound, or (2) that older samples were not collected or preserved in the southern
part of the channel. Given that outer Nansen Sound would probably have been located close
to the northern margin of any extensive ice cover over the Queen Elizabeth Islands during the
Last Glacial Maximum, whereas southern Eureka Sound would have been more in the interior
(cf. Blake 1970; Bednarski 1998; Dyke in press a and b), earlier deglaciation of Nansen
Sound is likely. Therefore deglaciation of Eureka Sound commenced <10,600 BP [12,420
(12,110) 11,610 cal BP] and the channel was ice-free by 903070 BP [9930 (9810) 9540 cal
BP]. It is possible that the driving mechanism for ice retreat through the sound was eustatic
sea level rise between ~9.5-10.2 ka *C BP and 11-11.5 ka cal BP (Fairbanks 1989; Bard et
al. 1990; Blanchon and Shaw 1995), coupled to an abrupt increase in temperature

commencing ~10-10.2 ka "*C BP (Alley et al. 1993; Meese et al. 1994; Kapsner et al. 1995;
Lowe and Walker 1997).

2.3.4 Implications

Significance of landscape zonation in fiords

On western Ellesmere and Axel Heiberg islands many authors have noted a contrast between
prominent glacial landform/sediment assemblages found in the inner parts of many fiords, and
a sparsity or absence of such features from the outer fiords (Hodgson 1985; England 1987,
1990; Lemmen et al. 1994; Bell 1996; O Cofaigh Chapter 3, this volume). The significance
of this landscape zonation has been the subject of much debate, with most discussion centring
around whether the sparsity of deglacial landform/sediment assemblages in outer fiords
implies a restricted late Wisconsinan ice cover (e.g., England 1987, Bell 1996), or
alternatively reflects a more extensive cold-based ice-cover, which inhibited the formation of
glacial landforms and preserved pre-existing weathered terrain (e.g., Sugden and Watts 1977;
Hughes 1987).

A third alternative to explain this landscape zonation is that rapid deglaciation, as
indicated by glacial geomorphic and radiocarbon dating evidence in several fiords in southern
Eureka Sound (cf. O Cofaigh Chapter 3, this volume), may have occurred regionally across
western Ellesmere and Axel Heiberg islands. Rapid radial retreat of ice by calving in the larger
fiords and inter-island channels (Lemmen et a/. 1994; Funder and Hansen 1996; O Cofaigh
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Chapter 3, this volume; Bednarski 1998; England in press) would have promoted extensional
flow and thinned the ice profile, facilitating extensive crevassing and meltwater drainage,
which could have inhibited formation of deglacial landforms and sediments until ice-margins
stabilised on-land. Extensive deglacial landform/sediment assemblages at many fiord heads
in the region are inferred to record this stillstand (cf. Hodgson 1985; O Cofaigh Chapter 3,
this volume).

Several workers have proposed that this regional, fiord head belt of glacial landforms
and sediments marks a climatically-driven change in the style of early Holocene deglacial
sedimentation, associated with a transient switch in the basal thermal regime of trunk glaciers
from cold-based to warm (e.g., Lemmen 1990; Stewart 1991). This was largely based on the
interpretation of a restricted late Wisconsinan ice cover, characterised by limited expansion
of cold-based glaciers. However, dispersal trains and associated ice-moulded bedrock of late
Wisconsinan age in southern Eureka Sound demonstrate that some trunk glaciers were warm-
based throughout much of their length, and associated early Holocene grounding-line fans and
morainal banks indicate that they remained so during deglaciation. Together with glacial
geomorphic evidence for spatial variation in basal thermal regime between retreating trunk
glaciers (O Cofaigh Chapter 3, this volume), this argues against any climatically-driven
regional switch to warm-based thermal conditions during the early Holocene (O Cofaigh et

al. submitted).

Late Wisconsinan glaciation of northern Eureka Sound

Late Wisconsinan granite-carrying ice exiting Bay Fiord, advanced northwards along
Eureka Sound towards Nansen Sound (see above). Recent work from the latter location
(Bednarski 1998) reports stratigraphic and chronologic evidence of only one glacial cycle
there, which is assigned to the late Wisconsinan/early Holocene. During that interval, Nansen
Sound was infilled by northward-flowing ice emanating from Eureka Sound (tributary to
Nansen Sound). Such a reconstruction requires extensive ice in northern Eureka Sound during
the last glaciation (Bednarski 1998) and is consistent with northward-flowing, late

Wisconsinan ice in southern Eureka Sound (this study).
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Along northern Eureka Sound, glacial geomorphological and geological evidence
(including the northward component of the granite dispersal train mapped in southern Eureka
Sound during this study) demonstrates pervasive glaciation of this area at some time in the
past (Bell 1992). This evidence has been assigned to two episodes of regional glaciation,
dating late Tertiary/early Quaternary and early-mid Quaternary respectively (Bell 1992). This
interpretation is based predominantly on amino acid ratios (alloisoleucine to isoleucine) on
shell fragments from surface tills, and on the interpretation of high elevation (160-170 m asl)
outwash deposits as raised marine shorelines (Holocene marine limit is <150 m asl; Bell
1996). The question to be addressed here is does this evidence categorically negate extensive
late Wisconsinan glaciation in northern Eureka Sound?

Amino acid ratios obtained on glacially-transported shell fragments (commonly surface
collections) from surficial till, were argued as demonstrating that two populations of mutually
exclusive ratios existed along northern Eureka Sound with respect to till location (Bell 1992).
These were named Group I (total ratios of 0.089-0.185) and Group II (total ratios of 0.047-
0.086; although shells with total ratios as low as 0.045 are also included, Bell 1992, Table
C.2). A third group (Group IIT) was identified which contained "mixed" populations (total
ratios of 0.041-0.09). The occurrence of tills containing ice-transported shells with discrete
amino acid ratios (Groups I and IT) was inferred to be consistent with at least two regional
glaciations (Bell 1992).

However, ratios were not obtained on shell fragments from tills in stratigraphic
section, and thus the chronologic subdivision of tills into discrete glaciations lacks a
stratigraphic basis. Furthermore, many ratios were obtained from surface samples, and the
duration of exposure of these samples is unknown. Surface shells can yield higher D/L ratios
than samples of the same age which have been buried >1 m for most of their history due to
the different thermal histories since deposition (Miller and Brigham-Grette 1989). Thus the
ratios of some of these samples may be maximum estimates, and so correlation with ratios
obtained from buried samples may not necessarily be meaningful. The thermal history of all
samples is further complicated by the fact they were transported and covered for an unknown
length of time by warm-based ice which was at the pressure melting point and thus much

warmer than the current mean annual air temperature in the area (-20°C). As a result, samples
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may have been subjected to significant oscillations in temperature throughout their thermal
history which could have affected their epimerisation rate and resulting ratios.

Outwash interpreted as raised marine shorelines in northern Eureka Sound lacks
associated fine-grained raised marine sediments with in-sifu macrofauna, and thus is undated.
The highest categorically raised marine shorelines in this area (as deduced from their
association with included in-situ raised marine fauna) date early Holocene. It is therefore
possible that these outwash deposits are glaciofluvial kames or glaciolacustrine shorelines and
do not record pre-Holocene high relative sea levels. Deglaciation of a regional ice cover along
northern Eureka Sound would therefore be recorded by raised marine sediments of early
Holocene age, implying that the area was inundated by late Wisconsinan glaciation.

Thus the validity of both the subdividion of glaciations based on amino acid ratios and
of pre-Holocene raised marine "shorelines" is regarded as equivocal, and it is concluded that
the evidence from northern Eureka Sound does not preclude extensive late Wisconsinan
glaciation there. Such an interpretation is regionally consistent with reconstructions for areas

immediately to the south (this study) and northwest (Bednarski 1998).

Origin of Eureka Sound and its tributaries

It has long been proposed that the fiords and inter-island channels of the Canadian Arctic
represent a Tertiary dendritic drainage system which was subsequently overdeepened by
glacial erosion (e.g., Fortier and Morley, 1956; Hattersley-Smith 1969; Sugden 1978). In the
Eureka Sound region, evidence for Tertiary fluvial drainage exists in the form of high-level
(up to 600 m asl) plateau fluvial deposits (Fyles in Jeness 1962; Fyles 1989; Hodgson et al.
1991; Bell 1992). The interpretation of glacial erosion was inferred from bathymetric evidence
for features such as overdeepened channels, hanging valleys, sills and U-shaped valleys (Homn
1963; Marlowe 1968; Hattersley-Smith 1969). However, based upon studies in the Greely
Fiord/Nansen Sound fiord system, Ellesmere Island, England (1987) challenged this
interpretation, arguing that the minimal evidence above sea level for a trunk glacier, together
with a restricted late Wisconsinan ice-cover which was presumably cold-based and therefore
non-erosive for much of its duration (based on analogy with modern glaciers in the region),

refuted a glacial erosional origin for this fiord. He proposed that the fiords and inter-island
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channels resulted from Tertiary block-faulting (cf. Kerr 1980), and that any pervasive
glaciation in the Canadian High Arctic pre-dated this fauiting. This hypothesis was discussed
by Trettin (1991b) who argued that it conflicted with structural geological evidence, and
concluded that there was no viable alternative to the original explanation for formation of the
fiords and inter-island channels by Tertiary fluvial incision and glacial erosion.

Late Wisconsinan shelly till along Bay Fiord and the east coast of southern Eureka
Sound demonstrates that these fiords must pre-date the late-Wisconsinan. Bell (1992)
similarly concluded from shelly till along northern Eureka Sound that the channel existed prior
to the earliest glaciation responsible for till deposition, assigned by him to the late
Tertiary/early Quaternary (but see above). On northwestern Ellesmere Island, Bednarski
(1995) reports stratigraphic evidence for several glaciations, consisting of multiple tills and
outwash in section. Shells or shell fragments from these deposits provided discrete
radiocarbon dates and amino acid ratios, supporting the stratigraphic basis for multiple
glaciations. The implication of these data is that irrespective of the age of the shelly tills along
Eureka and Nansen sounds, these fiords and their tributaries existed as some form of marine
channels prior to the earliest glaciation(s) which deposited the shelly till. The presence of in-
situ marine macrofauna of Late Pliocene age on northwestern Ellesmere Island (Fyles ez al.
1998) indicates that the fiords and inter-island channels in this region must be at least that old.

Glacial geological evidence for inundation of a pre-existing Eureka Sound/Nansen
Sound fiord system (this paper; Bell 1992; Bednarski 1995, 1998) removes a principal tenet
on which the block-faulting hypothesis was based, namely the absence of geologic evidence
for trunk ice in these channels. The lack of structural geological evidence for block-faulting
(Trettin 1991) also argues against this explanation. Regionally, the presence of overdeepened
elongate depressions along the floors of many channels, their frequently undulating
longitudinal profiles and steep-sides (Horn 1963; Marlowe 1968, Hattersley-Smith 1969,
Praeg 1989), in conjunction with ice-moulded and striated bedrock throughout many fiords
(e.g., Blake 1977, 1993; Bednarski 1998; O Cofaigh 1997, Chapters 2 and 3, this volume),
demonstrates erosional modification of the channels and fiords during glacial inundation. The
process or processes responsible for their initial formation cannot be resolved at present, and

their morphology prior to glaciation is also unknown. However, the lack of structural
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geological evidence for block-faulting (Trettin 1991b) suggests a non-structural origin for
the inter-island channels and fiords on western Ellesmere Island. The original hypothesis of

fluvial incision and subsequent glacial erosion (the latter categorically occurred) therefore

remains viable.

Late Wisconsinan glaciation of the western Arctic Archipelago
During the Last Glacial Maximum, regional granite-carrying ice flowing across northern
Svendsen and southern Raanes peninsulas, probably coalesced with southerly-flowing trunk
ice exiting Eureka Sound (see above, Section 2.3.2)(Fig. 2.9). Such coalescent ice would
have flowed southwestwards towards Norwegian Bay. Several workers (e.g., St.-Onge 1965,
Balkwill ez al., 1974) have documented granite erratics on Amund Ringnes and Ellef Ringnes
islands in the western Arctic. These erratics have been ascribed to either an early Quaternary
northward advance of Laurentide ice from the mainland (Hodgson 1989), or to an ice advance
from the eastern and southeastern parts of the Arctic Archipelago (Craig and Fyles 1960; St.-
Onge 1965). If the granite erratics on the Ringnes Islands were deposited by Laurentide ice
advancing northwards across the archipelago, this ice would presumably have crossed
Bathurst Island, as well as Grinnell Peninsula on northwestern Devon Island. With the
exception of one shield erratic close to marine limit on Ile Vanier (off western Bathurst
Island), recent fieldwork in these locations (Bednarski 1996; Dyke in press a) does not report
shield erratics above marine limit.

This raises the possibility that during the late Wisconsinan, granite-carrying Ellesmere
Island ice from southern Eureka Sound advanced into Norwegian Bay and extended
westwards across the Ringnes Islands. Dyke (in press a) has documented ice-flow directional
indicators of late Wisconsinan age on northern Grinnell Peninsula which demonstrate
northerly flow. If Ellesmere Island ice had extended into Norwegian Bay, it would likely have
coalesced with this northerly flowing Devon Island ice and been deflected northwestwards
across the Ringnes islands. Northwesterly ice-flow directional indicators along the east coast
of Amund Ringnes Island (Balkwill et al., 1974) may reflect streaming of this ice through
Massey Sound between Amund Ringnes and Axel Heiberg islands. The validity of this
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hypothesis awaits more detailed fieldwork in Norwegian Bay, and surface-exposure dating

of granite erratics and ice-moulded bedrock on the Ringnes Islands.
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CHAPTER THREE
Geomorphic and sedimentary signatures of early Holocene deglaciation in High Arctic

fiords, Ellesmere Island: implications for thermal regime and ice dynamics during

deglaciation

3.1 INTRODUCTION
Deglaciation of temperate ice-masses in glacioisostatically-depressed marine basins and fiords

commonly produces sedimentologically diverse lithofacies recording changes in both relative
sea level and proximity of the ice margin. In ice-proximal settings, rain-out, sediment gravity
flow and till deposition can occur in close spatial and temporal proximity, producing stacked
sequences of sand, gravel, mud, and diamict (Powell and Molnia 1989; Hein and Syvitski
1992; Lenne 1995; McCabe and Haynes 1996).

A major control on deglacial sedimentation by temperate tidewater glaciers is the rate
of glacier retreat, which in turn is controlled by both climatic, and non-climatic (e.g., water
depth) factors. Eustasy and isostasy are the principal controls on water depth, but for an
individual fiord, topography/bathymetry can become critical for relative water depth and thus
glacier dynamics (cf. England 1992; Lemmen et al. 1994), and can control the amount, type
and location of deglacial sediments in a fiord (Crossen 1991; Seramur ef al. 1997). Thick
sequences are produced at locations where retreat is punctuated by temporary ice-marginal
stillstands. Stillstands occur preferentially where fiords are characterised by irregular side wall
and bottom relief which result in a constriction of fiord width and reduction in water depth.
Such constrictions serve as pinning points for the retreating ice-margin and the loci
of subsequent depocentres (Crossen 1991; Hunter ef al. 1996; Seramur ef al. 1997). In their
absence, ice retreat by calving may be rapid (Hughes 1987; Meier and Post 1987), and the
deglacial sedimentary signature may be sparse or absent.

In the Canadian High Arctic, sedimentological studies of emergent glaciomarine
deposits have been rare (e.g., Bednarski 1988; Stewart 1991; Aitken and Bell 1998), as have
attempts to integrate glacial sedimentology, geomorphology and fiord topography/bathymetry
with past glacier dynamics (Lemmen et a/. 1994). This paper presents results of an integrated

study of glacial geomorphology, sedimentology, marine limit elevations and radiocarbon
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dating from two High Arctic fiords (Starfish Bay and Blind Fiord) on southwestern Ellesmere
Island (Figs. 3.1 and 3.2). These fiords exhibit marked contrasts in early Holocene deglacial
landform/sediment associations. The purpose of this paper is to highlight the roles of fiord
topography and basal thermal regime in controlling early Holocene deglacial ice dynamics and
sedimentation, and to discuss implications for debates concerning the extent of the last
glaciation in the Canadian High Arctic.

Starfish Bay and Blind Fiord are located on Svendsen Peninsula and Raanes Peninsula,
respectively, southwestern Ellesmere Island (Figs. 3.1 and 3.2). Both fiords are cut in north
northeast striking limestones, sandstones and shales of Ordovician, Carboniferous and Triassic
age (Trettin 1991). Uplands reach >1000 m asl and are dissected by steep fiords and valleys,
aligned both parallel to bedrock structure (Blind Fiord) and cross-cutting it (Starfish Bay).
Present-day glaciers are limited to small, upland ice-caps (Fig. 3.2).

3.2 STARFISH BAY
Fresh striae recording westerly ice-flow, and roches moutonnées with plucked westerly faces

and smoothed and striated easterly faces, occur on carbonate bedrock throughout the fiord
(Fig. 3.3). Till with granite erratics commonly overlies this bedrock. The source of these
erratics lies 60 km to the east under the Prince of Wales Icefield (Trettin 1991)(Figs. 3.1 and
3.2). The granites and ice-flow directional indicators demonstrate that trunk ice flowed
westwards and exited the fiord mouth, where a southwestwards shift in the orientation of
striae and roches moutonnées indicates coalescence with trunk ice in Trold Fiord (Fig. 3.3).
Southwesterly oriented striae immediately west of the mouth of Trold Fiord, demonstrate that
this coalescent ice then flowed into Baumann Fiord.

Deglacial landform/sediment associations, marine limit elevations and radiocarbon
dates are discussed below for three sectors, A, B, C, which refer to the outer, central, and
inner fiord, respectively (Fig. 3.3). All radiocarbon dates discussed are listed in Table B.1 (see
Appendix B).
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Figure 3.1: Eastern Queen Elizabeth Islands and northwest Greenland showing
location of the study area (box) and contemporary ice cover (dark shading).
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of Fisheries and Oceans (1979).
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3.2.1 Sector A

Geomorphology and sedimentary sequences

A resistant carbonate bedrock ridge in outer Starfish Bay causes an abrupt deflection in fiord
orientation to the southwest and a constriction in fiord width (Fig. 3.3). Immediately south
of the fiord mouth this bedrock ridge is heavily ice-moulded, and a prominent arcuate ridge
of fine-grained sediments, interpreted as a morainal bank (see below), is inset between it and
uplands 2 km to the east (Figs. 3.3 and 3.4). Roches moutonnées and striae occur southwards
along Trold Fiord from the mouth of Starfish Bay to Jaeger Bay, and record south-
southwesterly ice-flow by coalescent Starfish Bay/Trold Fiord ice (Fig. 3.3). A veneer of
massive diamict containing granite erratics directly overlies this striated bedrock, both above
and below marine limit, and is interpreted as till. Raised marine silt blankets this till.

An east/west oriented section, 12 m high by 120 m long, was logged along the south
side of the arcuate ridge (S, on Fig. 3.4) and two major lithofacies, comprising stacked,
alternating units, were identified (Fig. 3.5). The first lithofacies (~20-30% of logged section),
consists of horizontally laminated, sand/silt couplets with isolated pebble-sized dropstones
(Figs. 3.5 and 3.6a) and occasional fragile, paired valves of Portlandia arctica. 1t is laterally
continuous across section, and commonly has a broadly lenticular to channelled geometry.
Individual sand/silt couplets vary in thickness from 0.8-3 cm. Sand laminae range from 0.2-1.5
cm thick, whereas the silt component of the couplets is thicker, 0.3-< 3 cm. Sand laminae are
fine to very fine with sharp bases. They are normally graded, fining upwards into massive silt.

The second major lithofacies (~70-80% of logged section) consists of massive diamict
with dispersed clasts in a sandy silt matrix (Fig. 3.5). Clasts are subangular to rounded and
many are striated and faceted. Typically, individual diamict beds are internally massive.
However, locally, diamicts contain laterally discontinuous lines of pebbles and cobbles, one
clast thick (Fig. 3.6¢), undeformed stringers of fine sand (0.5-1.5 ¢m thick by < 50 cm wide
in section, maximum 250 ¢m in width), and occasional lenticular pebbly gravel interbeds (up
to 180 cm wide in section and 20-100 cm thick) with erosional to deformed boundaries (Fig.
3.6d). Gravel interbeds are clast to matrix-supported, poorly-sorted, ungraded and
unstratified. Westwards, across the section, bedding within the diamict increases. Individual
beds are 5-40 c¢m thick and frequently have a channelled geometry in section (Fig. 3.6c).
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Figure 3.4: Starfish Bay, sector A, showing major glacial landforms and marine limit
elevations. National Air Photo Library A16987-116, 1960

64



g

i (=}
o 28

QLag o 9T
>

o.v <0 -9
Bedrock

< 8840+80 (TO-5592)

Contact not
exposed

Pebble lag

Sharp contact ——

74— 9200+110 (TO-5604)

boulders

DESCRIPTION INTERPRETATION EVENT
Littoral sands marking marine limit
Pebbly sand veneer and aggradation of morainal bank to | Emergence
sea Jevel
Horizontally bedded silt/sand couplets | Ice distal plume rain-out with minor
with occasional small dropstones. ice-rafling
Paired valves of Portlandia arctica
Diamict of dispersed clasts up to small
boulder size in a silty matrix. Pebble
lags, sandy stringers, laminae,and
gravelly interbeds Lithofacies variations from
horizontally bedded silt/sand
couplets to massive diamict are
attributed to variations in the flux
Horizontally bedded siltsand couplets | OF ice-rafted debris and switches
with occasional granule to pebble- in the position of a subglacial
sized dropstones meltwater jet along the ice-front.
Siltsand couplets record rain-out
Diamict of dispersed clasts in a coarse i‘x‘xmﬁmﬂml phumes Deglaciation
silty matrix. Crude bedding imparted &
by concave up clast lags and laminae L .
. . .. Massive diamicts were deposited by
ﬁe"‘:‘i:‘“‘,’ef:’z o d. I’“’;;d“" beds | e rapid rain-out of ice-rafied debris
g and fine-grained suspended sediment
Clast lags, and stringers record
. . scouring during discharge pulses or
Hf)nznntal!y bedded silt/sand couplets | 4 opes in the position of the jet as it
with occasional granule to pebble- intermittently contacted the top of the
sized dropstones ice-marginal sediment pile.
Diamict of dispersed clasts ina coarse | Weakiy graded diamicts record
silty matn:ix. Pebbly lenses, lags and subaqueous resedimentation of
sandy stringers unstable ice-marginal sediment piles.
| Horizontally bedded silt/sand couplets
with occasional small dropstones.
Paired valves of Portlandia arctica
Massive sandy diamict overlying ice- Basal till deposited over ice-moulded | Glacial
moulded bedrock bedrock during glacial advance advance
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Figure 3.6: Lithofacies exposed on south side of morainal bank, Starfish Bay, sector A,
section S,, (see Figure 3.4 for section location). Pen = 15 cm in length. A. Horizontally
bedded sand/silt couplets from lower part of morainal bank. B. Contact between lower
massive matrix-supported diamict facies ("DMM") and overlying laminated fines
("FL"). Note pebble lag and sharp contact which defines lenticular-channelled geometry
of the FL unit. C. Diamict of subrounded-subangular clasts in a silty matrix. Scoured
surfaces (outlined) are defined by clast lags which demarcate lenticular-channelled beds
of massive diamict. D. Gravel interbed within massive diamict facies. Note lenticular
geometry, deformed erosional contact with diamict, and chaotic internal structure.

66



Bedding is defined by prominent pebble-cobble lags (Fig. 3.6c), and thin parting planes, in
places marked by silty sand laminae (0.1-0.2 cm thick). Individual beds are predominantly
massive, but occasionally exhibit weakly developed normal or inverse coarse-tail grading,
sometimes with large clasts at bed tops. A bivalve of P. arctica, still attached at the hinge,
was recovered from the diamict facies.

A 3.5 m high section consisting of two main units, occurs on the north side of the
arcuate ridge (site S, on Fig. 3.4). The lower 2 m is composed of medium and coarse sand
beds which dip gently west southwest. Coarser sand infills broad, shallow scours (70 cm
wide, 8 cm deep). Internally, the sand is typically massive or exhibits diffuse normal grading.
The silty clay from the upper unit has penetrated and deformed the top 50 cm of the sand.
Penetrative structures are up to 45-50 cm deep by 130 cm wide, and have sharp contacts with
surrounding sand. The upper unit consists of 50 cm of deformed silty clay and fine sand with
occasional large cobbles. Discontinuous, pebble lines and elongate sand lenses (5-18 cm thick)

within the upper unit dip north northeast at 10-30°.

Interpretation
The alternating sand/silt couplets are similar to subaqueous outwash described from both

modern, temperate, tidewater glaciomarine environments (Mackiewicz et al. 1984; Cowan
and Powell 1990), and the early Holocene glaciomarine record of the High Arctic (Lemmen
1990; Stewart 1991). The sand component of the couplets indicates an ice-proximal
formation, with couplets forming by variable sediment fluxes from suspended turbid plumes
(Mackiewicz et al. 1984). Silt infills broad channels cut into massive diamict facies. Channel
cutting and subsequent infilling are inferred to result from switches in the position of a
meltwater jet emanating from a subglacial conduit at the ice-margin. Channels were eroded
when the jet was in direct contact with the sea floor (Powell 1990). Overlying silts record a
change to a depositional regime, and this likely reflects a lateral shift in the axis of the jet, or
a minor recession of the ice-margin. Alternatively, channels could have been eroded by
turbidity currents moving downslope into deeper water. However, throughout the section,
the sedimentology of the overlying silt is not indicative of deposition by mass flow (cf. Eyles
1987; Walker 1992), but rather points to a genesis by plume rain-out. Thus, the simplest
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interpretation is that channel erosion and silt deposition were connected, and involved
changes in the position of a meltwater jet as it migrated across rapidly aggrading, ice-marginal
sediment.

Interbedded or gradational contacts between silt and overlying diamict demonstrate
that sedimentation of both lithofacies was continuous, without a major hiatus. Features
diagnostic of a basal till origin for the diamict facies (cf. Dreimanis 1989), or of glaciotectonic
deformation (cf. Benn and Evans 1996), are absent, and underlying laminated silt is
undeformed (Fig. 3.6a). The massive structure, interbedded or gradational contacts with
subaqueous outwash, and increased percentage of pebbles and cobbles relative to underlying
silt, suggest diamict formation predominantly by the rain-out of iceberg-rafted debris
combined with suspension settling of fines (Powell 1984; Eyles and Lagoe 1990; Dowdeswell
etal. 1994; Cowan et al. 1997).

Local concave-up clast lines within diamict facies are inferred to record localised
scour, associated with impingement of a meltwater jet on the substrate (Fig. 3.6b). Scours
suggest switches in the central axis of the jet across the ice-front, rather than its cessation,
during diamict formation. The scours may record surges in the jet produced by discharge
fluctuations or clearance of episodic tunnel blockages (Powell 1990), or, alternatively, could
imply a more proximal location relative to the efflux, perhaps due to minor ice-marginal
oscillations. Gravel interbeds within diamicts are interpreted as localised zones of scour and
fill, which formed when waning flows from a subglacial efflux, probably in the form of a plane
jet, intermittently contacted the sea floor in the zone of flow establishment (Powell 1990).
This interpretation is compatible with their frequently lenticular geometry, locally erosional
contacts, coarse texture and massive internal structure, which suggest rapid deposition from
hyperconcentrated flows. The greater frequency of bedding within diamict facies westwards
across section is inferred to represent increased meltwater pulses across the top of the
sediment pile and/or a more proximal location relative to the subglacial efflux, and hence
increased scouring. Sandy stringers record intermittent deposition by traction currents or
plumes.

Weakly graded diamicts originated from partially turbulent, subaqueous mass flows
(Postma 1986; Eyles 1987), which would be expected in an ice-proximal setting, where rapid
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sedimentation from suspension would produce unstable deposits close to a subglacial efflux.
It is unlikely, however, that the massive diamicts originated by subaqueous mass flow, as they
lack many diagnostic features (e.g., flow noses, soft-sediment clasts derived from underlying
laminated silt, projecting clasts from bed tops, grading, and lower contacts that are
gradational or interbedded rather than sharp to locally erosive as is common in debris flows)
(cf. Middleton and Hampton 1976; Lowe 1982; Eyles 1987). The former explanation of
massive diamict genesis predominantly by rain-out is therefore preferred.

On the north side of the arcuate ridge (site S, on Fig. 3.4), the massive or normally
graded structure, shallow scours, and low-angle crossbedding of the lowermost sand point
to a turbidite origin (Eyles 1987, Walker 1992). Penetrative deformation of the top of the
sand by overlying silty clay, pebble lines, and elongate sand lenses (dipping at 10-30° in the
upper unit), may reflect glacial overriding of the sequence from the northeast, during which
sand and gravel were attenuated by subglacial shear, and silty clay was loaded into underlying
sand by overriding ice (Benn and Evans 1996). This interpretation is compatible with the west
southwest dips in the lowermost sand, which indicate an ice-margin to the east northeast.

The arcuate morphology of the ridge, its location inset between an ice-moulded
bedrock high and the fiord wall, its stratigraphic context overlying ice-moulded bedrock and
till, and its internal structure consisting, proximally, of glaciotectonised sediments and,
distally, of ice-rafted debris and subaqueous outwash, indicate that it marks the former
grounding line of the Starfish Bay glacier which was temporarily pinned at the fiord mouth
during deglaciation. These morphological and sedimentological characteristics are compatible
with an origin as a glaciomarine morainal bank (cf. Powell 1981; Powell and Molnia 1989;
Eyles and McCabe 1989). Sedimentologically, this morainal bank is distinct from grounding
line deposits described previously in the High Arctic (Stewart 1991), on account of the

abundance of iceberg-rafted, massive diamict facies.

Marine limit and radiocarbon chronology
Marine limit is recorded by washing limits around ice-moulded bedrock immediately north of
the morainal bank at 110 m asl, and kame deltas on the north side of the fiord mouth at 113
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m asl (Figs. 3.4 and 3.7)°. Several radiocarbon dates constrain deglaciation and bracket
formation of the morainal bank. Paired valves of P. arctica from laminated silt near the base
of the bank (41 m asl) dated 9200+110 BP [10150 (9940) 9690 cal BP*}(TO-5604; Site 1,
Fig. 3.3 and Table B.1), whereas paired valves of the same species from the crest at 71 m asl
dated 8840+80 BP [9810 (9510) 9380 cal BP)(TO-5592; Site 2, Fig. 3.3 and Table B.1).
Finally, a Hiatella arctica fragment at 102 m asl from the surface of northern end of the ice-
moulded bedrock ridge, dated 747070 BP [8130 (7950) 7800 cal BP](TO-5590; Site 3,
Figs. 3.3, 3.4 and Table B.1). These dates indicate morainal bank formation in ~400 years,
commencing 9200+110 BP [10150 (9940) 9690 cal BP], and that ice had vacated the site by
<8840+80 BP [9810 (9510) 9380 cal BP]. Deglaciation of the mouth of Trold Fiord therefore

occurred prior to 9.2 ka BP.

3.2.2 Sector B

Geomorphology

This sector of Starfish Bay is ~18 km long and includes most of the fiord (Fig. 3.3) ranging
in width from 3.25 to 2.25 km. Local constrictions and changes in fiord orientation are
produced by protruding bedrock ridges. For much of its length, Sector B is characterised by
an absence of deglacial landforms and sediments. However, thick, deglacial silt, overlying ice-
moulded bedrock and till, occurs in the lee (down-ice) side of an ice-moulded bedrock knoll
along the central north shore. A large, flat-topped gravel mound occurs northwest of this
knoll at 91 m asl. Several deltas, ranging in elevation from 69-89 m asl, are located at the

mouths of meltwater channels in the vicinity of the knoll, and record retreat of tributary

glaciers (Fig. 3.3).

3 Altimeter readings accurate to = 2 m. Corrected for changes in pressure and temperature.
Marine limit elevations from deltas relate to the elevation of the delta lip; i.e., the break of slope
between the highest terrace surface and foreslope.

4 All "*C dates were calibrated using CALIB 3.0 (Stuiver and Reimer 1993). Calibrated dates are
reported to 2 standard deviations.
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Marine limit and radiocarbon chronology

Marine limit along the north side of central Starfish Bay is marked by a washing limit at 101
m asl which trims the west side of the ice-moulded bedrock knoll. A surface sample of H.
arctica and Mya truncata valves collected from glaciomarine silt at 78 m asl on the north side
of the knoll dated 7740+90 BP [8410 (8230) 8000 cal BP](GSC-6037; Site 4, Fig. 3.3 and
Table B.1). This provides a minimum date for deglaciation and establishment of the 101 m

asl marine limit.

Interpretation

Rapid ice retreat from the morainal bank in Sector A through the outer part of Sector B is
suggested by an absence of deglacial landforms and sediments, and water depths of >300 m
(cf. Lemmen et al. 1994). However, the large accumulation of sediment in the lee of the
bedrock knoll farther up-fiord, suggests that it acted as a pinning point, which temporarily
halted ice retreat. Alternatively, this sediment could have been deposited by meltwater from
tributary glaciers immediately to the north. The elevation of the flat-topped gravel mound (91
m asl) is lower than local marine limit (101 m asl) immediately up-fiord (Fig. 3.3), and this
suggests that the mound was deposited by later meltwater from tributary ice. The bedrock
knoll was ice-free by >7.7 ka BP (probably >8.7 ka BP, see below). East of the knoll, deep
water, the wide fiord, and a lack of deglacial landforms and sediments, point to rapid retreat

towards the inner fiord.

3.2.3 Sector C

Geomorphology and sedimentology

This sector comprises the inner 4 km of the fiord and the area east (inland) of the fiord head.
Fiord width narrows from ~1.4 km in the outer part of the sector to 0.8 km at the fiord head.
Immediately east of the fiord head, the valley is constricted by ice-moulded bedrock abutted
by marine limit deltas at 86 m asl, and, farther to the east, at 80 m asl (Fig. 3.3). Thick,
dissected glaciomarine silt extends westward from these deltas. At the fiord head, an 11 m
high section oriented northwestwards through the silt exposes two main units. The lower 6

m is composed of massive diamict with striated clasts in a coarse silty matrix. The diamict
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directly overlies ice-moulded bedrock and is interpreted as a basal till. It is overlain by ~5 m
of stratified silt with numerous dropstones, stringers and starved ripple trains of fine sand,
channelled interbeds of normally graded pebbly gravel, and thin (<5 cm) interbeds of massive
pebbly sand. Laterally across section, the silt becomes more distinctly stratified, changing to
couplets of fine silty sand and silt with occasional dropstones. Sand laminae (<1 cm thick) are
normally graded with sharp lower, and gradational upper contacts with overlying silt. The

silt component is thicker (<2-3 cm) and massive.

Marine limit and radiocarbon chronology

Marine limit on the south side of the inner fiord, ~2 km west of the fiord head, is 89 m asl,
but falls progressively from 86 to 80 m asl to the east (Fig. 3.3). Hodgson (1985) reported
a date of 8710+120 BP [9730 (9420) 9060 cal BP}(GSC-2719; Site 5, Fig. 3.3 and Table
B.1) on a sample of P. arctica at 68 m asl, 3 km west of the fiord head. This sample was from
the lower 50 cm of glaciomarine rhythmites overlying till and ice-moulded bedrock. Hodgson
inferred that this date provided an approximate age for the fiord head deltas. A valve of H.
arctica from raised marine silt at 71 m asl, immediately up-fiord from both these deltas, dated
724080 BP [7910 (7730) 7570 cal BP}(TO-5596; Site 6, Fig. 3.3, Table B.1), and provides

a minimum age for deglaciation of the fiord head.

Interpretation

Fiord head deltas and glaciomarine silt record ice-marginal stabilisation due to decreasing
water depth and the presence of constricting bedrock highs. Horizontally-stratified silt is
interpreted as having formed ice-proximally, by suspension sedimentation from turbid plumes
(cf. Mackiewicz et al. 1984; Cowan and Powell 1990), with occasional traction current
activity and ice-rafting. Interbeds of normally graded gravel and massive pebbly sand are
turbidites, based on their internal structure and erosional contacts (Walker 1992). The
sequence of silt overlain by a marine limit delta (86 m asl), indicates ice-marginal subaqueous
sedimentation, with aggradation of the sediment pile to former sea level and development of

an ice-contact delta (cf. Powell 1990).
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Radiocarbon dates indicate rapid retreat of trunk ice from the fiord mouth (8840+80
BP)[9810 (9510) 9380 cal BP}(TO-5592) to the inner fiord (8710120 BP)[9730 (9420)
9060 cal BPJ(GSC-2719), a distance of ~18 km in 90 years based on the calibrated dates (0.2
km/year; cf. Meier and Post 1987, Table 2). However, the standard errors of these dates
overlap and thus deglaciation of Starfish Bay may have been catastrophic. Fiord head
deglaciation and delta formation were complete by at least 7240+80 BP [7910 (7730) 7570
cal BP)(TO-5596). Starfish Bay, therefore, was characterised by a two-step pattern of
deglaciation, whereby initial rapid retreat through the outer and mid-fiord was succeeded by

stabilisation in the inner fiord between < 8.7 ka BP (9.4 ka cal BP) and >7.2 ka BP (7.7 ka
cal BP).

3.3 BLIND FIORD
Fresh, fiord-parallel striae and grooves in carbonate bedrock along the east side of the inner

fiord, indicate that trunk ice moved generally southwards in Blind Fiord. Presentation of the
glacial geomorphology, marine limit elevations and radiocarbon dates is divided into three
sectors, A, B, and C, which correspond to the outer, central and inner fiord, respectively (Fig.

3.8). Radiocarbon dates are listed in Table B.1.

3.3.1 Sector A

Geomorphology
This sector ranges in width from ~12 km at the fiord mouth to 3 km farther up-fiord.

Deglacial landforms and sediments recording the retreat of trunk ice were not observed.
Dykes and local gabbro erratics on shale/siltstone uplands west of the fiord mouth are
commonly shattered or grussified, and dykes occasionally form small tors. It is noteworthy,
however, that relatively unweathered gabbro erratics also occur throughout the area on
upland surfaces above marine limit. Shelly diamict, containing rare striated erratics, including
granite, forms a patchy veneer above marine limit and is interpreted as till (Fig. 3.8).
Immediately west of the fiord mouth, dissected mounds of parallel-laminated, silty sand
containing occasional dropstones, paired valves of Macoma calcarea, Astarte borealis, H.

Arctica and Clinocardium ciliatum and redeposited organics capped by regressive beach
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gravels, are preserved at 60-73 m asl, at the mouth of a proglacial meltwater channel. The
laminae are predominantly massive and ungraded, and the deposits are interpreted as dissected

remnants of raised marine, deltaic bottomset beds.

Marine limit and radiocarbon chronology

Two individual shell fragments from the shelly till described above dated 36,910+410 BP
(TO-5600) and 36,160+430 BP (TO-5615, Sites 7 and 8, Fig. 3.8 and Table B.1). These are
probably minimum ages, given the possibility of contamination by modern carbon (Bradley
1985). Well developed raised beaches west of the fiord mouth mark local marine limit at 138
m asl (Fig. 3.8). A fragment of M. truncata collected from a beach surface at 128 m asl dated
8590470 BP [9460 (9330) 9060 cal BP}(TO-5862; Site 9, Fig. 3.8 and Table B.1), and
provides a minimum age for marine limit. A single valve of M. calcarea from horizontally-
laminated sand west of the fiord mouth dated 8160+70 BP [8960 (8700) 8500 cal BP}(TO-
5610; Site 10, Fig. 3.8 and Table B.1).

3.3.2 Sector B

Geomorphology

For almost 15 km northwards through this sector, the fiord maintains a uniform width of 3-4
km and its side-walls are unbroken by protruding bedrock ridges. In the final 4.5 km of Sector
B, fiord width decreases to 1.8-2.5 km. Lateral meltwater channels incised during the retreat
of trunk ice (into shale/siitstone in the outer two thirds of the sector, and limestone in the
inner third) are common along the east side of central Blind Fiord (Figs. 3.8 and 3.9), and
become increasingly prominent up-fiord. Typically, channels are nested and shallow and,
based on air photo examination, appear to have lower gradients than channels in Sector C.
Channels are graded to raised beaches, gravelly benches and poorly-developed deltas marking
local marine limit. Fine-grained glaciomarine sediment is absent. Above marine limit, bedrock

is highly weathered, and local sandstone erratics are shattered and grussified.
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Figure 3.9: Nested, low gradient lateral meltwater channels along the east side of
central Blind Fiord (sector B). Channels are cross-cut by deep, tributary ice, proglacial
meltwater channels.
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Marine limit and radiocarbon chronology

Marine limit is ~133 m asl for 9 km throughout Sector B, and gradually descends up-fiord to
~128 m asl over the next 10 km (Fig. 3.8). Three dates constrain the timing of deglaciation
from the outer part of this sector (Fig. 3.8 and Table 1). A fragment of M. truncata from the
surface of a raised beach at 127 m asl dated 8510+80 BP [9400 (9220) 8970 cal BP](TO-
5612; Site 11, Fig. 3.8 and Table B.1). Beaches extend upslope to a bench at 133 m asl
marking local marine limit. Up-fiord, a sample of H. arctica and M. truncata valves from a
beach at 119 m asl dated 855080 BP [9420 (9250) 9000 cal BP](GSC-6047; Site 12, Fig.
3.8 and Table B.1). Here, beaches extend to 124 m asl, terminating below crudely flat-topped,
gravel mounds at the mouth of a lateral meltwater channel. The mounds are interpreted as
small deltas marking marine limit at 133 m asl. Finally, a fragment of H. arctica collected
from a raised beach at 122 m asl (at the northern end of the sector) dated 8670 + 190 BP
[9850 (9390) 8930 cal BP}(TO-5598; Site 13, Fig. 3.8 and Table B.1). Local marine limit is
marked by a beach at 128 m asl.

3.2.3 Sector C

Geomorphology
Fiord width decreases in this sector from ~2 km to 1 km at the fiord head. Lateral meltwater

channels are ubiquitous throughout the inner fiord and north of the fiord head. Typically,
channels are well developed and are nested along the fiord side (Figs. 3.8 and 3.10). North
of the fiord head, coarse glaciofluvial outwash emanates from the mouths of well developed
lateral meltwater channels (Figs. 3.8 and 3.10). The surface of this gravel outwash is
disrupted and irregular, with numerous depressions, elongate furrows, and small 1-2 m high
gravel mounds, inferred to record the melt-out of buried ice. Throughout Sector C, there is

a conspicuous lack of fine-grained, raised glaciomarine sediment.

Marine limit and radiocarbon chronology

Marine limit decreases from 129 m asl in the southern part of this sector to ~107 m asl ~5 km
inland from the fiord head (Fig. 3.8). Five radiocarbon dates provide minimum age estimates
for deglaciation and establishment of local marine limit (Fig. 3.8 and Table B.1). A fragment
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Figure 3.10: Blind Fiord, sector C, showing major glacial landforms and marine limit
elevations. Note well-developed, steep, nested lateral meltwater channels. National Air
Photo Library A16605-9, 1959.
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of H. arctica collected from a raised beach at 123 m asl (in the southern part of the sector)
dated 831080 BP [9210 (8950) 8630 cal BP](TO-5608; Site 14, Fig. 3.8 and Table B.1).
Local marine limit is marked by a gravel bench at 129 m asl. At the fiord head, two dates
provide minimum ages for marine limit at 124 m asl. A sample dominated by M. truncata
from a beach at 86 m asl dated 7990+140 BP [8920 (8460) 8190 cal BP](GSC-5924; Site 15,
Fig. 3.8 and Table B.1). A second sample of H. arctica and M. truncata at 107 m asl was
collected from coarse glaciomarine outwash 1 km to the north. This sample dated 8220+100
BP [9100 (8830) 8470 cal BPJ(GSC-6054; Site 16, Fig. 3.8 and Table B.1). Two km up-
fiord, a fragment of H. arctica from a raised beach at 109 m asl dated 7090+70 BP [7760
(7580) 7440 cal BP}(TO-5863; Site 17, Fig. 3.8 and Table B.1). Marine limit here is marked
by a beach at 124-125 m asl. A final sample dominated by H. arctica and M. truncata was
collected at 95 m asl on the foreslope of a 120 m delta and dated 8090+110 BP [8950 (8560)
8370 cal BP](GSC-5896; Site 18, Fig. 3.8 and Table B.1).

Interpretation

Calibrated radiocarbon dates indicate that trunk ice retreated from the fiord mouth [9460
(9330) 9060 cal BP;, TO-5862] to the southern part of Sector C [9210 (8950) 8630 cal BP,
TO-5608], a distance of 32 km, in 380 years (0.1 km/year). However, the standard errors of
these dates overlap and hence this retreat may have been catastrophic (cf. Starfish Bay).
Glacial geomorphological evidence also supports rapid early Holocene retreat in Blind Fiord
(see below).

Lateral meltwater channels are widespread in Sectors B and C, and together with the
absence of fine-grained subaqueous outwash above sea level throughout the fiord, this
suggests that trunk ice was predominantly cold-based during retreat (Dyke 1993). In this
regard, it is noteworthy that subaqueous outwash and extensive accumulations of fine-grained
glaciomarine sediments (cf. Starfish Bay) were not observed from the fiord head northwards,
even though deglacial landform/sediment associations are completely exposed above sea level
throughout this area. The rapid deglaciation recorded by radiocarbon dates was likely
achieved by calving (cf. Hughes 1987; Meier and Post 1987). In Sector B, channels are nested

and shallow, with gentle longitudinal gradients, marine limit deltas are poorly developed and
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fine-grained glaciomarine sediments are absent. This geomorphology may reflect a
combination of rapid deglaciation with a predominantly cold-based thermal regime. Calving
would have triggered increased extensional flow resulting in a lowering of the surface profile
of trunk ice, the production of shallow, stepped lateral meltwater channels with low gradients,
and, in association with a cold-based thermal regime, a low rate of sediment supply.

Well developed lateral meltwater channels and associated extensive outwash in Sector
C demonstrate the increased stability of the ice-margin and greater availability of meltwater
when trunk ice reached the inner fiord. Radiocarbon dates indicate that retreat through the
southern 6 km of this sector was rapid as far as the 120 m asl delta. However, north of this
delta, the abrupt drop in marine limit to 107 m asl, in association with the extensive
sedimentary infill and well developed channels, suggest subsequent slower retreat.

The absence of deglacial landforms associated with retreat of trunk ice in Sector A
contrasts with Sectors B and C. This contrast cannot be explained by differences in bedrock
lithology, because lateral meltwater channels are absent from shale/siltstone bedrock in Sector
A, but are present on these lithologies in Sector B. One interpretation therefore could be that
outer Blind Fiord lay beyond the last ice limit. However, direct evidence for glaciation of the
outer fiord exists in the form of shelly till. Even though radiocarbon dates from this till are
interpreted as minimum ages (see above), they do not negate a last glaciation age for the till.
It is noteworthy that the till is incised by Holocene marine limit and that pre-Holocene
shorelines, indicative of the retreat of ice pre-dating the last glaciation, are absent. Thus
evidence for only one glacial cycle, recorded by till and overlying marine sediments, is
preserved here. The simplest interpretation is that retreat occurred during the Holocene, and
therefore, that the outer fiord was covered by ice during the last glaciation.

The lack of deglacial landforms in Sector A may simply record the interplay of fiord
topography, deglaciation by calving and basal thermal regime. The wide and deep outer fiord
would have promoted rapid retreat by calving and extensive crevassing. This would have
facilitated evacuation of supraglacial and lateral meltwater, and so prevented channel
formation. If the ice was cold-based, pre-existing weathered terrain such as tors and grussified
erratics could be preserved (cf. Dyke 1993). Channels in Sector B record an increased

availability of meltwater for channel formation probably associated with a reduction in
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crevassing due to the narrower fiord, but their shallow depths and low gradients reflect rapid
deglaciation. Slow retreat through Sector C resulted in decreased crevassing and a greater
supply of supraglacial and lateral meltwater for erosion and deposition.

Thus in terms of the fiord as a whole, there is a crude continuum in the morphology
of lateral meltwater channels, from a lack of channels in Sector A, to shallow channels with
gentle gradients in Sector B, to steeper, well developed channels and extensive outwash in
Sector C. It is inferred that this continuum results from variation in the rate of glacier retreat,
coupled with an increasing availability of meltwater and reduction in crevassing concurrent
with deglaciation.

The dominance of lateral meltwater channels and absence of subaqueous outwash and
fine-grained glaciomarine sediment (which contrasts with Starfish Bay) is interpreted above
as indicating that the retreating trunk glacier in Blind Fiord was predominantly cold-based.
Alternatively, it might be argued that the trunk glacier was in fact warm-based or polythermal,
and the deglacial geomorphology merely reflects a more poorly-developed subglacial drainage
system than that which characterised Starfish Bay. However, this explanation is deemed
unlikely on the account of the apparent absence of any subaqueous outwash or fine-grained
glaciomarine deposits above sea level throughout Blind Fiord, particularly north of the fiord
head where the complete deglacial record is exposed. The former explanation of a

predominantly cold-based glacier is therefore preferred.

3.4 DISCUSSION
3.4.1 Controls on Early-Holocene Deglacial Sedimentation and Ice-retreat
Fiord Topography

Early Holocene deglaciation in Blind Fiord and Starfish Bay was characterised by a
two-step retreat pattern, initially rapid through Sectors A and B, and then slower in Sector
C. This variation is linked here to fiord bathymetry, in particular the presence or absence of
pinning points. Initial deglaciation of southern Eureka Sound prior to 9200+110 BP [10150
(9940) 9690 cal BP] may have been driven by eustatic sea level rise (Fairbanks 1989,
Chappell and Polach 1991; Blanchon and Shaw 1995), coupled to an abrupt early Holocene
(~10-10.2 ka BP) increase in temperature (Alley ef al 1993; Meese et al. 1994, Kapsner ef
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al. 1995; Lowe and Walker 1997). In Blind Fiord, a lack of pinning points and deep water in
Sectors A and B, would have facilitated calving and allowed rapid retreat to continue as far
as the inner fiord, where retreat then slowed due to the narrower fiord and shallower water.
These also allowed correspondingly greater sedimentation in Sector C than farther down-
fiord.

Similarly, in Starfish Bay, rapid retreat through the outer and mid-fiord was facilitated
by deep water and relatively large fiord widths. This rapid retreat was punctuated by brief
stillstands and ice-marginal glaciomarine sedimentation at fiord-side topographic irregularities
which acted as pinning points (cf. Eyles and McCabe 1989; Merrit ez al. 1995; Seramur et al.
1997). The narrower and shallower inner fiord, in conjunction with bedrock highs
immediately east of the fiord head, allowed stabilisation of the ice-margin and glaciomarine
deposition. Water depth is approximately similar in both Starfish Bay and Blind Fiord, so its
effect on calving would likely also have been similar in the two fiords (cf. Meier and Post
1987; Pelto and Warren 1991). Therefore, the brief stillstands inferred from deglacial
landform/sediment associations in Starfish Bay, in contrast to Blind Fiord, were likely the
result of a narrower, and more irregular fiord. This topographical effect may have been
augmented by a higher flow rate of ice in Starfish Bay on account of a warm-based thermal
regime (see below), and also perhaps, a thicker trunk glacier. These would have helped offset

calving losses and enhanced the ability of the retreating glacier to utilise pinning points.

Basal Thermal Regime

Discrete glaciomarine sediments throughout Starfish Bay are similar to lithofacies described
from both modern and Quaternary, temperate and Arctic glaciomarine environments (e.g.,
Powell and Molnia 1989; Stewart 1991; Hein and Syvitski 1992; McCabe and Haynes 1996),
and illustrate the important role of meltwater discharge from subglacial conduits. The
presence of numerous striated and glacially faceted clasts within massive diamict facies
demonstrates their basal derivation and transport, and also points to warm-based thermal
conditions. These deposits demonstrate that the retreating Starfish Bay glacier had significant
basal debris and a well developed subglacial drainage system, and thus was characterised by

a warm-based thermal regime.
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Thermal regime exerted an equally strong control on the formation of deglacial
landform/sediment associations in Blind Fiord. Although glacier retreat in Sector C was slow
and characterised by greater sedimentation than in the outer sectors, the lack of fine-grained
subaqueous outwash is striking. This, in association with the abundance of lateral meltwater
channels, provides strong support that trunk ice lacked a well developed subglacial drainage
system and was predominantly cold-based during deglaciation.

Therefore, trunk glaciers in Starfish Bay and Blind Fiord are inferred to have had
different basal thermal regimes during early Holocene deglaciation. This contrast in thermal
regime may reflect the different sources of trunk glaciers in both fiords (with respect to ice
thickness and spatial extent of accumulation area). Directional ice-flow indicators show that
Blind Fiord was fed from Raanes Peninsula, while Starfish Bay was fed by flow from an
expanded Prince of Wales Icefield (Fig. 3.2). The latter source was both more extensive and
possibly thicker than that on Raanes Peninsula. Convergent flow of a large volume of ice into
Starfish Bay, which is narrower throughout than Blind Fiord, would have resulted in enhanced
internal deformation and strain heating. This would have promoted higher flow rates and
facilitated frictional heating and basal sliding, leading to the development of a warm-based
thermal regime.

By contrast, ice-flow in Blind Fiord originated from a more restricted source area.
Rapid deglaciation by calving could have induced increased extensional flow, with overall
thinning of the trunk glacier, particularly in the lower part of the ablation zone. This increased
extensional flow to feed calving at the terminus may have resulted in the rapid advection of
colder ice from up-flowline towards the margins in the fiord (cf. Blatter and Haeberli 1984),
thereby facilitating frozen bed conditions, and overwhelming the warming effect caused by
convergent flow. Thinning of the glacier would also diminish internal deformation as well as

reduce insulation of the bed from colder surface temperatures.
3.4.2 Implications

1) This study indicates that early Holocene deglaciation of High Arctic fiords was

characterised by variation in basal thermal regime, even in adjacent fiords.
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2) In fiord settings, it is possible to reconstruct past deglacial thermal regime through
studies of glacial sedimentology and geomorphology. It is proposed that retreat of cold-based
glaciers will be characterised by formation of lateral meltwater channels (cf. Dyke 1993) and
a lack of fine-grained subaqueous outwash, in contrast to warm-based conditions where
deposition of subaqueous outwash lithofacies will accompany slow retreat (cf. Stewart 1991).

3) During the last glaciation of the region, trunk glaciers in Blind Fiord and Trold
Fiord extended beyond their fiord mouths into Baumann Fiord (see above). Deglaciation
involved a two-step retreat for both fiords, which consisted of initial rapid break-up
>9200+110 BP [10150 (9940) 9690 cal BP], preceding slower retreat as ice-margins became
terrestrially-based in the inner fiords (cf. Dyke 1984; Lemmen ef al. 1994; Funder and Hansen
1996; England in press;).

A common feature of many fiords in the northern Queen Elizabeth Islands is the
juxtaposition of a prominent belt of glaciogenic landforms and sediments in the inner fiord,
with a sparsity or absence of such features from the outer fiord or adjacent higher peaks
which often exhibit a correspondingly greater degree of weathering (e.g., England 1987,
1990; Lemmen et al. 1994; Bell 1996). Similar morphological contrasts have been
documented in previously glaciated regions elsewhere (e.g., Dyke 1979; Nesje et al. 1994,
McCarroll et al. 1996). Interpretations of this landscape zonation have frequently been
polarised between those who argue that the outer areas were beyond the limit of the last
glaciation and therefore underwent a greater duration of weathering (e.g., Pheasant and
Andrews 1973; England 1987, 1996; Ballantyne 1997), and those who argue that they reflect
cold-based thermal conditions beneath a more extensive ice-cover, which inhibited the
formation of glacial landforms and deposits and preserved pre-existing weathered terrain
(e.g., Sugden and Watts 1977; Hughes 1987; Kleman 1994; Rea et al. 1996).

In Blind Fiord, however, the lack of deglacial landforms and sediments in Sector A
is inferred to reflect rapid deglaciation through the wide outer fiord. It is proposed that this
model of two-step deglaciation is applicable to other fiords in the Queen Elizabeth Islands
which have previously been interpreted in terms of a restricted last glaciation. The combined
effects of eustatic sea level rise >9.2 ka BP (9.8 cal BP) and an abrupt increase in early

Holocene temperature may have triggered destabilisation and rapid break-up of the marine-
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based component of ice in many fiords and inter-island channels by calving (cf. Funder and
Hansen 1996, Forman et al. 1996; England in press). This would have resulted in increased
extensional flow and thinning, leading to greater crevassing, with drainage of supraglacial and
marginal meltwater. Meltwater evacuation, in combination with rapid radial retreat, would
have inhibited formation of deglacial landforms and sediments until terrestrial stabilisation.
The belt of glaciogenic landforms at the heads of many fiords in the region likely records this
stabilisation. Hodgson (1985) was the first to suggest that the fiord heads “drift-belt” on
western Ellesmere Island could record a prominent ice-marginal stillstand during the retreat
of a regional ice-sheet (his “Model A”).

This model of initial rapid deglaciation is supported by recent work on the post 18 ka
BP migration of marine molluscs (Dyke ef al. 1996), which shows a rise in the number of 9
ka vs. 10 ka radiocarbon dates for the northern Queen Elizabeth Islands and implies that the
major inter-island channels and fiords were rapidly opened during this interval (cf. Blake
1972). The larger fiords and inter-island channels (e.g., Greely Fiord, Nansen Sound, Eureka
Sound, Baumann Fiord, Makinson Inlet) would have been particularly susceptible to such
initial rapid deglaciation on account of their frequently cliffed sides and deep water which
would have been accentuated by the combined effects of glacioisostatic loading and eustatic

sea level rise.
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CHAPTER FOUR

Holocene emergence and shoreline delevelling, southern Eureka Sound, High Arctic

Canada

4.1 INTRODUCTION
This paper presents the postglacial relative sea level history of southern Eureka Sound, High

Arctic Canada (Figs. 4.1 and 4.2), focussing on initial emergence, pattern of shoreline
delevelling and implications for former glacier loading. Blake (1970) first proposed the
existence of the Innuitian Ice Sheet in the Canadian High Arctic during the late Wisconsinan
on the basis of the pattern of differential postglacial rebound since 5 ka BP. He demonstrated
that shorelines of this age in the Queen Elizabeth Islands were highest (>25 m asl) throughout
a broad northeast/southwest oriented corridor extending from northern Eureka Sound to
Bathurst Island. He proposed that this emergence reflected a regional ice sheet over the
Queen Elizabeth Islands during the Last Glacial Maximum whose centre corresponded to the
zone of greatest emergence (cf. Walcott 1972; Tushingham 1991). In contrast, a markedly
different reconstruction, advocating a restricted late Wisconsinan glaciation for the same
region, was proposed by England (1976a and b) on the basis of glacial geologic data from
northeastern Ellesmere Island and an alternative interpretation of the postglacial emergence.
These contrasting reconstructions broadly defined the ensuing debate concerning the extent
of the Last Glacial Maximum in the Queen Elizabeth Islands (e.g., Blake, 1992a and b, 1993;
Blake et al. 1992; de Freitas 1990; Tushingham 1991; England 1987, 1990, 1996, England
et al. 1991; Lemmen 1989; Bell 1996).

Previous work on the postglacial emergence history of northern Eureka Sound and
Greely Fiord has reported evidence for a period of stable relative sea level at marine limit
(England 1992). This is similar to sea level curves from northeastern and eastern Ellesmere
Island which show either an interval of sea level arrest subsequent to marine limit formation
(England 1983), or slow (1-2 m/century) initial emergence (England 1997). These curves
contrast markedly with those reported from elsewhere on Ellesmere and Axel Heiberg Islands
(Blake 1975, 1992a; Hodgson et al. 1991; Lemmen ef al. 1994; Bednarski 1995) which

indicate continuous rapid unloading (4.5-7 m/century), and are thus similar to curves from
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Figure 4.1: Queen Elizabeth Islands, Canada, and location of study area.
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Figure 4.2: Southern Eureka Sound showing contemporary ice cover
(dark shading) and location of placenames referred to in text.
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areas of the Canadian Arctic which were formerly covered by the Laurentide Ice Sheet
(Andrews 1970; Dyke 1984; Dyke et al. 1991).

Isobases drawn by England (1992, 1997) on the 8 ka shoreline in Greely Fiord, west-
central Ellesmere Island, exhibit a narrow plunging ridge of maximum emergence, essentially
parallel to the regional geological structure. This contrasted with the broad cells of uplift
documented elsewhere in Arctic Canada which record postglacial unloading following
removal of the Laurentide Ice Sheet (cf. Andrews 1970; Dyke 1984), and as result, a possible
neotectonic contribution to Holocene emergence was proposed for western Ellesmere Island
(England 1992, 1997). Both the slow rate of initial emergence and apparently anomalous
isobase pattern in the form of the steeply-plunging ridge, coupled to independent glacial
geological evidence suggesting a restricted Last Glacial Maximum, were interpreted as being
incompatible with a late Wisconsinan Innuitian Ice Sheet (England 1983, 1992, 1997; Bell
1996). However, more recent glacial geologic fieldwork validates an extensive late
Wisconsinan glacial cover for at least the alpine sector of the Queen Elizabeth Islands and
areas of the central Arctic (Hittestrand and Stroeven 1996; Bednarski 1998; England 1998,
in press; Dyke in press a, O Cofaigh Chapter 2, this volume; see also Funder and Hansen
1996). Integration of this new glacial geologic evidence with the associated postglacial
relative sea level histories of these areas has only commenced (Dyke in press b; England and
O Cofaigh 1998).

Glacial geologic and chronologic evidence indicates that late Wisconsinan glaciation
in southern Eureka Sound was characterised by an extensive ice cover (O Cofaigh Chapter
2, this volume). This paper presents the postglacial relative sea history associated with
removal of that ice load, and provides new data on the magnitude, timing and pattern of
postglacial emergence. It has three principal objectives: (1) to reconstruct initial postglacial
emergence at several sites where the best chronological control is available; (2) to reconstruct
the pattern of shoreline delevelling in southern Eureka Sound from isobases drawn on the 8.5
ka shoreline, and to link this data with previously published work to the north and south
(England 1976b, 1992; Bell 1996, Dyke in press a and b; and (3) to assess implications for

former ice sheet loading in the region.
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4.2 STUDY AREA
Eureka Sound is the inter-island channel, 300 km long and 10-28 km wide, which separates

Ellesmere and Axel Heiberg islands. Raanes Peninsula and Bay Fiord border central and
southern Eureka Sound, respectively, along its east side (Figs. 4.1 and 4.2). Geologically, the
study area is dominated by north-northeast striking sedimentary lithologies, although igneous
intrusives outcrop locally (Trettin 1991). The geological structure imparts a distinctive
topographic grain to the region, forming ridges and valleys. Uplands of >1000 m asl are
dissected by steep-sided, glacially-eroded fiords and valleys aligned both parallel to bedrock
structure (e.g., Blind Fiord) and cross-cutting it (e.g., Bay Fiord). Contemporary glaciers are
limited to small, upland ice-caps, although the region is bordered immediately to the east by
the Prince of Wales Icefield (Fig. 4.2). '

4.3 LATE WISCONSINAN GLACIATION OF SOUTHERN EUREKA SOUND

During the late Wisconsinan, southern Eureka Sound supported extensive glaciation,
consisting of expanded ice-caps which were coalescent along the length of the channel. Ice-
divides were located along the highlands of central Ellesmere and Axel Heiberg islands, from
which ice flowed east and west into Eureka Sound, with development of preferential flow
along the axes of major fiords (O Cofaigh, Chapter 2, this volume). Raanes Peninsula
supported a local ice-dome. Once in Eureka Sound, trunk ice flowed north towards Nansen
Sound (cf. Fyles in Jenness 1965; Bell 1992; Bednarski 1998) and south towards Norwegian
Bay (O Cofaigh, Chapter 2, this volume). Deglaciation of southern Eureka Sound commenced
>9200+110 BP [10150 (9940) 9690 cal BP*] and was characterised by initial break-up of ice
in the channel with subsequent retreat east and west to the former ice-divides. Thus marine
limit throughout the study area is time-transgressive and records sequential entry of the sea

with ice retreat.

> All C dates were calibrated using CALIB 3.0 (Stuiver and Reimer 1993). Calibrated dates are
reported to 2 standard deviations.
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4.4 METHODOLOGY
4.4.1 Surveying technique and definition of marine limit
The elevation of raised marine features above present sea level was determined in the field
using a Wallace and Tiernan micro-altimeter (accuracy +2 m). Readings were corrected for
fluctuations in atmospheric pressure and site specific temperature. High tide level was used
as the reference datum for sea level. Radiocarbon dates on marine shells and driftwood
provide chronological control on the establishment of marine limit and subsequent emergence.
Marine limit is the maximum elevation attained by the sea along a glacioisostatically
depressed coastline. Its elevation at a site reflects both distance from the former edge of the
ice sheet (which is a measure of the ice thickness over the site), date of deglaciation and
eustatic sea level rise (Andrews 1970). Throughout the study area, marine limit was
determined on the basis of the following criteria: (1) The highest raised marine delta or beach;
(2) The lowest altitude of undisturbed till or felsenmeer (washing limits). Washing limits are
commonly marked by a notch cut in the till with a well sorted sediment veneer below, or by
an abrupt textural transition between poorly sorted till/felsenmeer, and well sorted washed
sediment below; (3) The highest elevation at which well preserved marine shells were found.

The latter provides a minimum estimate on marine limit.

4.5 MARINE LIMIT: ELEVATION AND PATTERN
The highest marine limit observed in the study area occurs on the north coast of Stor Island
at >145 - <151 m asl (Fig. 4.3). Marine limits of >140 m asl also occur along the south coast
of Raanes Peninsula between Eureka Sound and Trold Fiord (Fig. 4.3). Fiords on southern
Raanes Peninsula and northwestern Svendsen Peninsula (Blind Fiord, Trold Fiord, Starfish
Bay, Jaeger Bay) all exhibit a progressive decline in marine limit from mouth to head. For
example, in Trold Fiord, marine limit falls from 143 m asl at the mouth to 98 m asl at the
head, whereas in Starfish and Jaeger bays marine limit decreases from 113 m and 106 m asl,
respectively, to 80-92 m asl at the heads.

Along Eureka Sound, north of Hare Bay, marine limit is recorded by deltas at the
mouths of several valleys. In inner Trapper’s Cove, ice-contact deltas grade to relative sea

levels at 118-120 m asl (Fig. 4.3). This contrasts with the outer cove and Eureka Sound coast,
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Figure 4.3: Marine limit elevations (m asl) marked by the uppermost delta,
washing limit or raised beach, southern Eureka Sound. Italicised marine limit
elevations are from Hodgson (1985).
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where marine limit is defined by poorly-preserved raised beaches at 83 m asl (minimum), and
deltas immediately to the south at 99 m asl (Fig. 4.3). The north coast of Raanes Peninsula
along Eureka Sound and Bay Fiord is characterised by variable marine limit elevations which
range from 76 to 120 m asl in Eureka Sound and central Bay Fiord respectively, before falling
progressively to 65-87 m asl at the heads of Strathcona Fiord and Irene Bay (Fig. 4.3).
Regionally therefore, marine limit exhibits an overall decrease in elevation eastwards from
Eureka Sound to the fiord heads. However, this decrease is variable over short distances, a

pattern inferred to reflect the metachronous age of marine limit occasioned by ice retreat.

4.6 RELATIVE SEA LEVEL CURVES

Emergence data from the study area are presented for three sites (Fig. 4.4). At each site, the
elevation and age of radiocarbon dated samples and their associated relative sea levels are
given. Figure 4.5 shows the relative sea level curves for the three sites. All radiocarbon dates

(including calibrated ages, reported as "cal BP") are listed in Table C.1 (see Appendix C).

4.6.1 Blind Fiord

At the mouth of Blind Fiord, marine limit is defined by the uppermost raised beach at 138 m
asl. A fragment of Mya truncata collected from a beach surface at 128 m asl provided an
Accelerator Mass Spectrometry (AMS) date of 8590+70 BP [9460 (9330) 9060 cal BP](TO-
5862; Site 1, Fig. 4.4 and Table C.1), and provides a minimum age estimate on the 138 m
marine limit. In the central fiord marine limit falls to 133 m asl and two samples provide
minimum dates on its formation. A surface fragment of M. fruncata from a raised beach at
127 m asl dated 8510480 BP [9400 (9220) 8970 cal BPYTO-5612; Site 2, Fig. 4.4 and Table
C.1). Immediately up-fiord, whole valves and fragments of Hiatella arctica and M. truncata
from a raised beach at 119 m asl dated 8550+80 BP [9420 (9250) 9000 cal BP](GSC-6047,
Site 3, Fig. 4.4 and Table C.1). Both dates provide minimum age estimates for the 133 m asl
marine limit. The standard errors of these three dates overlap and thus indicate rapid
formation of marine limit through the outer and central fiord. The dates also indicate that at
least 5 m of unloading occurred in <100 (**C and calender years) years based on the samples
relating to their respective marine limits (138 m and 133 m). If the samples are related to their
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Figure 4.4: Marine limit landforms, elevations (m asl) and location of radiocarbon
dates in Starfish Bay, Blind Fiord, and Irene Bay as discussed in text (Section 4.5).
Corresponding site numbers of radiocarbon dates are listed in Table C.1.
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Figure 4.5: Emergence curves (radiocarbon and calender years) from Ellesmere
Island side of southern Eureka Sound. (A) Blind Fiord. (B) Starfish Bay (head).
(C) Irene Bay. Dashed parts of curves are approximate. Site numbers of control
points refer to Table C.1.
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elevations, then emergence could be as much as 9 m in <100 years (sample elevations at 128
and 119 m asl). Although both GSC-6047 and TO-5612 yielded similar ages for the 133 m
marine limit in central Blind Fiord, the former is a bulk date, and thus likely contains a mixture
of different aged shells. If this sample is excluded from the reconstruction and the emergence
rate based on the two AMS dates (TO-5610 and TO-5612), initial emergence is still 5 m in
<100 years.

Control on subsequent unloading in Blind Fiord is provided by four dates. In the inner
fiord, marine limit is defined by a gravel berm at 129 m as! (Fig. 4.4). A surface fragment of
H. arctica from a raised beach at 123 m asl dated 8310+80 BP [9210 (8950) 8630 cal
BP)(TO-5608; Site 4, Fig. 4.4 and Table C.1) and provides a minimum age estimate on the
129 m marine limit. North of the fiord head, whole valves and fragments of H. arctica and
M. truncata from 107 m asl dated 8220100 BP [9100 (8830) 8470 cal BP](GSC-6054; Site
5, Fig. 4.4 and Table C.1), which is also a minimum date on local marine limit at 124 m asl.
Up-fiord of this site, a marine limit delta at 120 m asl occurs at the mouth of a lateral
meltwater channel. Single valves and fragments dominated by M. fruncata collected at 95 m
asl on the delta foreslope gave a radiocarbon date of 80904110 BP [8950 (8560) 8370 cal
BP](GSC-5896; Site 6, Fig. 4.4 and Table C.1), which is a minimum age for the 120 m marine
limit. Finally, paired valves of Astarte borealis and H. arctica from 31 m asl in silt
immediately underlying a tributary delta at 39 m asl in the central fiord dated 5640+110 [6360
(6140) 5870 cal BP](GSC-6102; Site 7, Fig. 4.4 and Table C.1). It is important to note that
although sites at the fiord head are separated from sites in the outer fiord by a distance of ~38
km, the fiord parallels the regional isobases at 8.5 ka BP (see Fig. 4.6 below), and hence
differential postglacial rebound due to variations in ice thickness does not play a significant
role at this site. The relative sea level curve for Blind Fiord (Fig. 4.5A) demonstrates

continuous emergence from 8.6 ka BP to present. Initial emergence was rapid (5 m in <100

years).

4.6.2 Starfish Bay
Deglaciation of Starfish Bay followed the retreat of ice from outer Trold Fiord. At the mouth

of the bay, ice-contact deltas occur at 113 m asl (Fig. 4.3) and mark a stillstand during retreat
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of trunk ice. Marine limit drops to 101 m asl along the north shore of the bay where it is
defined by a prominent washing limit. A surface sample consisting of whole valves of H.
arctica and M. truncata collected from glaciomarine silt at 78 m asl dated 7740+90 BP [8410
(8230) 8000 cal BP](GSC-6037; Site 8, Fig. 4.4 and Table C.1). This represents a minimum
age for deglaciation and establishment of marine limit.

Marine limit in the inner fiord is marked by a bench cut in till at 89 m asl (Fig. 4.4).
At the fiord head, well-developed deltas fronted by extensive glaciomarine silt occur at 86 and
80 m asl (Fig. 4.4). These deposits mark a prominent stillstand of the trunk glacier during
deglaciation. A sample of P. arctica collected from silt at 68 m asl, 3 km west of the fiord
head, dated 8710+120 BP [9730 (9420) 9060 cal BP](GSC-2719; Site 9, Fig. 4.4 and Table
C.1)(Hodgson 1985). Hodgson inferred that this date provided an approximate age for the
fiord head deltas. However, because the sample site occurs 3 km west of the deltas, the
validity of this inferred relationship is uncertain, and the date could alternatively relate to the
89 m bench along the inner fiord. A final sample consisting of a single valve of H. arctica,
was collected from silt at 71 m asl east (inland) of these deltas. This dated 7240+80 BP [7910
(7730) 7570 cal BPJ(TO-5596; Site 10, Fig. 4.4, Table C.1) and provides a minimum age for
deglaciation and formation of the fiord head deltas.

Therefore, at the fiord head between 8710120 BP [9730 (9420) 9060 cal BP] and
7240+80 BP [7910 (7730) 7570 cal BP}, sea level could have fallen by as little as 9 m, based
on the assumption that the 8.7 ka BP (9.4 ka cal BP) date relates to the 89 m marine limit in
the inner fiord, and the 7.2 ka BP (7.7 ka cal BP) date relates to a relative sea level at 80 m
asl (Fig. 4.5B, “minimum”). This is equivalent to an emergence rate of only 0.5 m/century
(based on the calibrated ages). If the 7.2 ka BP (7.7 ka cal BP) date is related to its sample
elevation of 71 m asl, then emergence increases to 18 m (1 m/century)(Fig. 4.5B,

“maximum”). Higher shorelines (>89 m asl) were not observed in the inner fiord or at the

fiord head.

4.6.3 Irene Bay
Prominent marine limit deltas and thick raised marine silt record ice-marginal stabilisation and

deposition at the fiord head during deglaciation. Hodgson (1985) reported several
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radiocarbon dates from this site and these are discussed below. Ice-contact deltas on the south
side of inner Irene Bay are graded to relative sea levels of 80 and 92 m asl (Figs. 4.3 and 4.4).
Whole valves of P. arctica were collected at 70-74 m asl from glaciomarine rhythmites
capped by the 80 m delta. This sample dated 8820+90 BP [9810 (9490) 9340 cal BP}(GSC-
1978; Site 11, Fig. 4.4 and Table C.1). Immediately east of this site, ice-contact deltas with
thick pro-delta silt grade to 75 m asl. Whole valves of H. arctica and M. truncata from 66-70
m asl in this silt dated 7340+170 BP [8170 (7830) 7500 cal BP](GSC-3397; Site 12, Fig. 4.4
and Table C.1) and provide a minimum age for the 75 m delta. These ages indicate ~5 m of
emergence between 8.8 ka BP (9.4 ka cal BP) and 7.3 ka BP (7.8 ka cal BP), equivalent to
an emergence rate of only 0.3 m/century, based on the calibrated ages (Fig. 4.5C,
“minimum”). If the standard errors of the dates are considered, the 8.8 ka BP (9.4 ka cal BP)
date related to the 92 m delta (the highest marine limit in this part of the fiord) and the 7.3 ka
BP (7.8 ka cal BP) date related to a sea level at 70 m asl (the sample elevation), this results
in a maximum initial emergence rate of 2 m/century (Fig. 4.5C, “maximum”).

Immediately up-fiord from the 8.8 ka BP site, a marine limit delta is graded to a
former relative sea level at 78 m asl. A sample of paired valves of 4. borealis and H. arctica
collected by A. Podor from bedded sand on the delta foreslope at 55 m asl dated 5200+70 BP
[5840 (5620) 5460 cal BP)(GSC-5897; Site 13, Fig. 4.4 and Table C.1). This provides a
minimum age estimate on delta formation. Thus sea level at 5.2 ka BP (5.6 ka cal BP) must
have been at least as high as 55 m asl (Fig. 4.5D). This indicates that between 7.3 ka BP (7.8
ka cal BP) and 5.2 ka BP (5.6 ka cal BP) a maximum of 20 m of emergence occurred,
equivalent to ~1 m/century based on the calibrated ages. A second sample consisting of a
piece of driftwood was recovered from 55 m asl in a raised beach which off-laps the same
delta. This dated 6360+100 BP [7400 (7230) 7010 cal BP)(GSC-5966; Site 14, Fig. 4.4 and
Table C.1). Given the presence of GSC-5897 from the same elevation and location which
dated >1000 years younger, this driftwood date is considered to be a maximum age on the
55 m sea level.

A second driftwood sample recovered from 9 m asl in a raised beach at the fiord head
dated 1790+160 [2050 (1710) 1340 cal BP](GSC-5955; Site 15, Fig. 4.4 and Table C.1).

This sample is shown on Fig. 4C as relating to a relative sea level at its elevation, resulting
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in a slight inflection in the lower part of the emergence curve. Alternatively, the date could
relate to a relative sea level above the sample elevation (i.e., the date is a maximum age for

the 9 m sea level; cf. driftwood sample GSC-5966 above) in which case the inflection in the

curve would be less pronounced.

4.7 POSTGLACIAL ISOBASES 8.5 KA BP

Regionally, across western Ellesmere and Axel Heiberg islands, many Holocene dates of
8500+150 BP [9490 (9200) 8720 cal BP] are available. In southern Eureka Sound, more
dates exist for this interval than any other, and hence it was selected for assessing differential
emergence in the study area. These dates form the control points for the isobase
reconstruction presented in Fig. 4.6 which integrates new shoreline and radiocarbon data from
southern Eureka Sound with previously published information from northwestern Ellesmere
Island (Bednarski 1995), northern Eureka Sound (England 1992; Bell 1996), western Axel
Heiberg Island (Lemmen ef al. 1994) and Norwegian Bay (Hodgson 1985; Hodgson in
McNeely 1989; Dyke in press a and b). This isobase reconstruction (Fig. 4.6) will likely be
refined with additional radiocarbon and relative sea level data, particularly from Norwegian
Bay.

Isobases drawn on the 8.5 ka shoreline exhibit a westward and eastward rise towards
Eureka Sound, and define a closed cell of highest emergence oriented crudely north/south
along the axis of the channel. At its northern end, the ridge extends northeastwards into
Greely Fiord with closure of the 120 m and 130 m isobases (cf. England 1992). The 8.5 ka
shoreline falls to <110 m asl in central Hare Fiord (Fig. 4.6)(Bednarski 1995), and therefore
the higher values must run to the south of this. At the southern end, the 130 m isobase
extends at least as far south as the mouth of Blind Fiord/Bear Corner, and may extend further
south onto Bjorne Peninsula and the entrance to Norwegian Bay. Further southwest, on the
north coast of Grinnell Peninsula, Devon Island, the 8.5 ka shoreline is <130 m asl (Dyke in
press a and b). This demonstrates that the 130 m isobase closes to the northwest, and
supports the above interpretation of closure in the vicinity of northern Bjorne Peninsula. It
also indicates that the 120 m isobase either closes in Norwegian Bay in the vicinity of Graham

and eastern Cornwall islands, or continues southwestwards onto Grinnell Peninsula.
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LEGEND

Contrdl point.
® ! Site# refersto
Table C.1

y Isobase (m sel)

1 >128 - <138
2

>127-<133
3 >119 - <133
16  >101
17 >98-<iid
18 <132
19  >93

20 >100-<146
21 >100-<145
22 94

23 >94-<149
24 2127-<146
25  >88-<139
26 >95-<124
27 >88-<110
28 <108

29 >63-<105
30 >95-<124
31 2116-<122
32  >131-<143
33 >107

34  >102

Figure 4.6: Postglacial isobases (provisional) drawn on the 8.5 ka BP shoreline in
greater Eureka Sound. The reconstruction utilises radiocarbon dates from previous
Quaternary studies in this region (Hodgson 1985; England 1992; Bednarski 1995,
1998; Bell 1996) and builds upon isobases drawn previously for northern Eureka
Sound (England 1992, 1997; Bell 1996). Italicised site numbers refer to Table C.1.
Control point without site numbers (">112 m - <122 m") is based on a personal
communication from J. England (1998).
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Currently, this cannot be resolved given the lack of emergence data from much of Norwegian

Bay, and hence the 120 and 110 m isobases are left open to the south.

4.8 DISCUSSION
4.8.1 Initial postglacial emergence
Marked contrasts in initial postglacial emergence are recorded in the study area. In Blind

Fiord, initial unloading was rapid and characterised by rates of >5 m/century (cf. Blake 1975,
1992a; Lemmen et al. 1994). At this site, relative sea level exhibits a continuous fall since
deglaciation and marine limit formation (cf. Type A curve of Quinlan and Beaumont 1981,
and Zone 1 of Clark et al. 1978). The emergence history is thus broadly similar to that from
other areas of eastern Arctic Canada formerly covered by the Laurentide Ice Sheet.
Postglacial rebound in such areas typically exhibits continuous emergence since deglaciation
with initial unloading of 7-30 m/century gradually decreasing to present (Andrews 1970,
Dyke 1984, 1993, Dyke et al. 1991). The relative sea level history of Blind Fiord is therefore
compatible with glacial geological evidence which indicates an extensive late Wisconsinan
glaciation in southern Eureka Sound © Cofaigh Chapters 2 and 3, this volume).

However, the Blind Fiord curve contrasts with those from Irene and Starfish bays,
where initial emergence rates of <1 m/century are recorded. It is important to note that the
timing of initial emergence at all three sites is similar. Slow initial emergence in Irene and
Starfish bays commenced at 8.8 and 8.7 ka BP respectively (~9.4 ka cal BP), and extended
to at least 7.3 ka BP (7.8 ka cal BP) and 7.2 ka BP (7.7 ka cal BP). However, in Blind Fiord,
emergence during this same interval (~8.6-8.0 ka BP; 9.3-8.5 ka cal BP) was characterised
by rates of >5 m/century.

Sea level curves similar to those from Irene and Starfish bays have been presented for
several other areas on Ellesmere Island (England 1983, 1992, 1997). For example, in Greely
Fiord, England (1992) documented a period of relative sea level stability at marine limit from
8.8 to 7.8 ka (**C) BP, after which emergence proceeded slowly (2 m/century) until 7.2 ka
BP when it increased to 13 m/century. He attributed this arrest in sea level after marine limit
formation to a balance between glacioisostatic unloading and eustatic sea level rise. The lack

of initial rapid unloading at these sites was considered to be compatible with a limited late
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Wisconsinan glacial cover as inferred from independent glacial geologic evidence (England
1978; 1990, 1996).

Emergence curves showing a period of relative sea level stability at marine limit have
also been presented from the area of the former Barents Sea Ice Sheet (Forman 1990, Forman
et al. 1996, 1997), and this stability is also attributed to a balance between glacioisostasy and
eustasy. These sites are inferred to have sustained a thinner glacial load than at the former
ice sheet centre over the northern and western Barents Sea where Type A (Quinlan and
Beaumont 1981) sea level curves are reported (see Forman 1990). It should be noted,
however, that ice thicknesses over the sites which exhibit slow initial unloading may have
been on the order of <1500 m (Forman et al. 1995, 1996).

Thus the slow initial emergence recorded in Irene and Starfish bays may not
necessarily be incompatible with an extensive ice cover over these sites during the late
Wisconsinan. Minimum estimates of ice thickness in southern Eureka Sound based on glacial
geological evidence are ~1200 m (O Cofaigh Chapter 2, this volume), and maximum
estimates obtained from glaciological modelling are 1500 m or 2000 m (Reeh 1984). The
three emergence curves would therefore imply marked spatial variations in the form and rate
of initial emergence between sites in close proximity; Blind Fiord and inner Starfish Bay are
<45 km apart. Slow initial emergence at the fiord heads of Irene and Starfish bays might
therefore reflect a major ice-marginal stillstand during retreat, as marked by the "drift belt"
(Hodgson 1985; O Cofaigh Chapter 3, this volume), which locally restrained rebound at both
fiord heads.

However, such marked variations in initial emergence may be problematic due to the
proximity in timing of deglaciation and marine limit formation between the three sites, which
would presumably have resulted in integration of the associated unloading over a wide area
(Walcott 1970; Andrews 1970). Given the inter-site similarities in the timing of deglaciation
and onset of unloading, the slow emergence documented by the Irene and Starfish bay curves
cannot be explained as representing the later part of the local emergence history following an
earlier phase of rapid unloading.

Obviously, the legitimacy of slow initial emergence in Starfish and Irene bays is

dependent upon the validity of two fiord head dates of 8.8 and 8.7 ka BP on P. arctica which
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are associated with relative sea levels of 80-92 m asl. This reconstruction would be invalid
if the samples relate to higher relative sea levels not observed in the field, or if the true ages
of the original samples were actually younger than the reported ages. No evidence was found
at either fiord head for higher shorelines above the surveyed marine limit which is well defined
by raised deltas and wave-cut benches. With respect to the latter point, Forman and Polyak
(1997) have demonstrated from radiocarbon dating of pre-bomb P. arctica that this species
can have marine reservoir values as high as 764 years, possibly reflecting either incorporation
of old carbon from the surrounding deposits and porewater, or from freshwater inputs by
streams or glacial meltwater. Currently the reservoir effect of P. arctica in Eureka Sound is
unknown. However, a variable reservoir effect for this genus, possibly as high as 700-800
years, could imply that some dates on this species may be too old. Resolution of this issue
through analysis of pre-bomb P. arctica from the Canadian High Arctic and comparison of
their ages with other shell species is currently in progress (J. England personal

communication 1998).

4.8.2 Postglacial Isobases
Isobases drawn on the 8.5 ka shoreline demonstrate an elongate ridge of emergence, oriented

crudely parallel with the axis of Eureka Sound, extending from Greely Fiord in the north to
the entrance to Norwegian Bay in the south. This extends previous reconstructions of
postglacial shoreline delevelling in the region (Blake 1970; England 1976b, 1992, 1997; Bell
1996), and is significant in that it demonstrates: (a) that the highest emergence values form
a cell over the length of Eureka Sound; and (b) that this highest cell does not appear to extend
southwestwards across Norwegian Bay to Grinnell Peninsula on Devon Island (cf. Blake
1970), but rather closes in the vicinity of the entrance to Norwegian Bay.

Along the Eureka Sound/Nansen Sound fiord system, glacial geologic and chronologic
evidence indicates extensive late Wisconsinan glaciation, which inundated fiords and inter-
island channels (O Cofaigh Chapter 2, this volume; Bednarski 1998). A similar reconstruction,
advocating extensive ice during the Last Glacial Maximum, has also recently been presented
for Devon Island and Norwegian Bay (Héttestrand and Stroeven 1996; Dyke in press a and

b). This glacial geological evidence negates an explanation of this isobase pattern in terms of
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overlapping peripheral depressions from separate ice masses on Ellesmere and Axel Heiberg
islands. The pattern of shoreline delevelling recorded by the isobases is inferred to be the
result of a glacioisostatic response to the unloading which accompanied early Holocene
deglaciation (cf. Blake 1970; England and O Cofaigh 1998). This supports earlier
reconstructions of maximum late Wisconsinan loading along Eureka Sound/Nansen Sound
(e.g., Blake 1970; Walcott 1972).

Modelling of an Innuitian Ice Sheet over the Canadian High Arctic during the Last
Glacial Maximum (Reeh 1984) results in maxinum ice thicknesses of 1500 and 2000 m being
located west of the main ice-divide, in the vicinity of Fosheim Peninsula/Eureka Sound. In
contrast, ice at the modelled main ice-divide, which is located along the highland rim of
eastern Ellesmere Island, is ~>700 - <1000 m thick (Reeh 1984)(current thickness ~500-800
m, Koerner 1989). Koemner et al. (1987) also propose that the ice divide over the Agassiz Ice
Cap during the Wisconsinan was only 200 m thicker than today. Glacial geological data from
Eureka Sound indicate a minimum ice thickness of ~1200 m in the channel during the Last
Glacial Maximum (O Cofaigh Chapter 2, this volume). This suggests that the 8.5 ka BP
isobase pattern which shows maximum unloading along Eureka Sound reflects the thickest
ice load being located there during the Last Glacial Maximum (cf. Blake 1970). Closure of
the highest values to the southwest points to the presence of a saddle connecting the Eureka
Sound loading centre to that proposed in the western part of Norwegian Bay (Hattestrand and
Stroeven 1996; Dyke in press a and b).
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CHAPTER FIVE

Conclusions

The subject of this thesis is the reconstruction of high latitude Quaternary glaciation and
postglacial relative sea level change. Its geographic focus on southern Eureka Sound, High
Arctic Canada, was driven by the potential of this largely unstudied area for linking the glacial
and sea level records of the alpine sector of the Queen Elizabeth Islands with that of the
central and western Arctic Archipelago. Briefly reiterated, the objectives of this research

were.

) to reconstruct the configuration and dynamics of late Wisconsinan glaciation in
southern Eureka Sound.

) to investigate whether evidence is preserved in the study area for (a) pre-late
Wisconsinan glaciations (cf. Lemmen and England 1992; Bednarski 1995), and (b) a
“full glacial sea” (England 1983, 1992).

(€)) to determine the principal controls on early Holocene deglacial sedimentation and ice
dynamics in High Arctic fiords from glacial geomorphological and sedimentological
studies.

4 to determine the magnitude and chronology of postglacial emergence throughout
southern Eureka Sound, reconstruct the pattern of early Holocene shoreline
delevelling, and link this reconstruction to published data from the north and south to

obtain a comprehensive picture of differential unloading for greater Eureka Sound.

5.1 LATE WISCONSINAN GLACIATION OF SOUTHERN EUREKA SOUND

During the late Wisconsinan, southern Eureka Sound supported extensive regional glaciation.
Ice-divides were located along the highlands of Ellesmere and Axel Heiberg islands from
which ice-flow converged on Eureka Sound. Westerly ice-flow across Ellesmere Island is
recorded by two granite dispersal trains resting on striated and ice-moulded carbonate
bedrock, one centred along the axis of Bay Fiord, and the second extending across northern

Svendsen and southern Raanes peninsulas. The intervening area on Raanes Peninsula was
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covered by a local ice-mass, which was coalescent with the regional granite-carrying ice.
Along Eureka Sound, ice emanating from Bay Fiord bifurcated, flowing north towards
Nansen Sound (Fyles in Jeness 1962; Bell 1992) and south towards Norwegian Bay. Granite
erratics on the Ringnes islands may record the extension of granite-carrying Ellesmere Island
ice across Norwegian Bay and into the western Arctic Archipelago.

Marine limit, which is superimposed onto the dispersal trains in the form of raised
deltas and beaches, dates early Holocene. It is noteworthy that logged stratigraphic exposures
never show more than one basal till in section, and this is typically overlain by early Holcene
deglacial sediments. This implies that the ice responsible for deposition of granite erratics in
the study area retreated during the early Holocene, and therefore that southern Eureka Sound
was inundated by late Wisconsinan glaciation. There is no litho- or morphostratigraphic
evidence to ascribe deposition of the dispersal trains, or parts thereof, to different glaciations,
or to indicate that they were deposited at different times. Several surface exposure dates
obtained on samples of erratics and bedrock collected during this study also support a late
Wisconsinan age. A single AMS date of 27.3 ka BP, obtained from glaciofluvial outwash in
Bay Fiord, provides a maximum age for the onset of the last ice advance in this area.

This date, in conjunction with data from Bednarski (1998), indicates that the onset of
the Last Glacial Maximum in Eureka and Nansen sounds occurred sometime after 28-27 ka
BP, and perhaps even as late as <20 ka BP (Blake 1992a). The reconstruction advocated here
for extensive late Wisconsinan glaciation in southern Eureka Sound on the basis of glacial
geological and chronological evidence and associated postglacial emergence of up to ~150
m asl, most closely approximates the /nnuitian Ice Sheet model of Blake (1970).

Early Holocene deglaciation in southern Eureka Sound commenced >9200+110 BP
[10150 (9940) 9690 cal BP] and was characterised by a two-step retreat pattern. Initial break-
up and radial retreat of ice in the larger fiords and inter-island channels may have been driven
by the combined effects of eustatic sea level rise >9.2 ka BP coupled to an abrupt increase in
early Holocene temperature (Fairbanks 1989; Alley ez al. 1993; Blanchon and Shaw 1995,
Lowe and Walker 1997). In several fiords this initial phase of retreat was rapid (O Cofaigh
Chapter 3, this volume). Regionally, evidence for an initial phase of rapid deglaciation has

also been reported from western Axel Heiberg Island (Lemmen ef al. 1994) and Nansen
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Sound (Bednarski 1998). This initial retreat phase terminated when ice margins stabilised on-
land forming the "drift belt" (Hodgson 1985), and was succeeded by subsequent slower
retreat. Terrestrial stabilisation lasted (locally) until 7180+65 BP [7840 (7660) 7530 cal BP].
Two-step deglaciation is expressed by prominent contrasts in glacial geomorphology between
the inner and outer parts of many fiords on western Ellesmere and Axel Heiberg islands
(Hodgson 1985; England 1987, 1990; Lemmen ef al. 1994; o) Cofaigh Chapter 3, this
volume; England in press).

Definitive stratigraphic evidence for pre-late Wisconsinan glaciation in southern
Eureka Sound was not found. Bedded gravel and sand containing paired bivalves with
radiocarbon ages of 46 and 47 ka BP on Stor Island may record deposition by pre-late
Wisconsinan ice on the island, but as till is absent from the associated stratigraphic sequence,
a glaciogenic interpretation for the sediments is equivocal. No chronologic or stratigraphic
evidence in support of a full glacial sea was found in the study area.

The reconstruction advocated here for an extensive late Wisconsinan glaciation in
southern Eureka Sound, in conjunction with evidence for a similar extensive Last Glacial
Maximum in Nansen Sound to the north (Bednarski 1998), implies that glacial landforms and
sediments assigned to pre-late Wisconsinan glaciations along northern Eureka Sound (Bell
1992) also date from the late Wisconsinan. The presence of shelly till along the length of the
sound demonstrates that the channel existed prior to the first till-depositing glaciation in the
region. Bathymetric evidence from the floor of the channel and on-shore glacial geomorphic
evidence (e.g., striae, plucked bedrock) demonstrates erosional modification during glacial
inundation of Eureka Sound. Late Pliocene deposists with in-situ marine macrofauna from

Hvitland Peninsula, Nansen Sound (Fyles et al. 1998) indicates that the Eureka Sound/Nansen

Sound fiord system is at least that old.

5.2 CONTROLS ON EARLY HOLOCENE DEGLACIAL SEDIMENTATION AND

ICE DYNAMICS
Glacial geomorphological and sedimentological studies in two adjacent fiords (Starfish Bay
and Blind Fiord) on southwestern Ellesmere Island demonstrate that early Holocene

deglaciation was characterised by a two-step retreat pattern, where rapid recession of trunk
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glaciers, probably driven by eustatic sea level rise and abrupt early Holocene warming,
preceded terrestrial stabilisation and deposition. The location of early Holocene deglacial
depocentres was predominantly controlled by fiord bathymetry, specifically the presence or
absence of pinning points. Pinning points facilitated glacier stabilisation, and therefore fiord
heads, and the narrow and shallow inner parts of fiords were especially favourable depocentre
locations. Two-step retreat resulted in a landscape zonation in which a well-defined belt of
glaciogenic landforms in inner fiords records topographically-controlled terrestrial
stabilisation, and contrasts with outer fiords where a common absence of pinning points
allowed rapid glacier retreat, predominantly by calving, which precluded extensive deglacial
sedimentation in these areas.

Although the location of deglacial landform/sediment assemblages and associated
radiocarbon dates in both fiords record two-step deglaciation, marked differences in glacial
geomorphology and sedimentology indicate that the retreating trunk glaciers were
characterised by different basal thermal regimes. In Starfish Bay, abundant fine-grained
subaquatic outwash indicates the presence of a well-developed subglacial drainage system and
a predominantly warm-based thermal regime. In contrast, in Blind Fiord, the dominance of
lateral meltwater channels and lack of fine-grained subaquatic outwash indicate that trunk ice
was predominantly cold-based during retreat. Collectively these observations demonstrate that
early Holocene deglaciation in High Arctic fiords was characterised by significant variations
in basal thermal regime which controlled the nature of associated glacial landform/sediment
assemblages, the location of which was intimately related to local variations in fiord
bathymetry.

This contrast in basal thermal regime is proposed to reflect the thickness and areal
extent of the two glaciers’ accumulation areas. Directional ice-flow indicators show that Blind
Fiord was fed by locally-nourished ice on Raanes Peninsula, while Starfish Bay was fed by
regional flow from an expanded Prince of Wales Icefield. It is possible that this latter source
was thicker and more extensive than that on Raanes Peninsula. Convergent flow from an
extensive, thick icefield would have resulted in increased internal deformation and strain
heating, particularly where fiords were narrow. This would have promoted frictional heating

and sliding, and facilitated development of warm-based conditions. In Blind Fiord, rapid
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retreat by calving may have resulted in increased extensional flow with overall thinning of the
trunk glacier, particularly in the lower part of the ablation zone, and would have facilitated
down-glacier advection of cold ice to glacier margins. Thinning of the glacier would also

reduce insulation of the bed from colder surface temperatures.

5.3 POSTGLACIAL EMERGENCE OF SOUTHERN EUREKA SOUND

Postglacial emergence of 140-150 m asl is recorded along southern Eureka Sound by raised
marine deltas, beaches and washing limits which date early Holocene. Marine limit throughout
this area is metachronous and formed successively with glacier retreat. Marked contrasts in
the form and rate of initial unloading are exhibited by emergence curves from the study area.
In Blind Fiord, relative sea level exhibits a continuous fall since deglaciation and marine limit
formation (cf. Type A curve of Quinlan and Beaumont 1981). Initial unloading was
characterised by rates of >5 m/century. This contrasts with curves from Starfish and Irene
bays, where the rate of initial emergence was <1 m/century. It is noteworthy that the timing
of initial emergence at all three sites is similar, slow initial emergence in Irene and Starfish
bays was concurrent with rapid initial emergence in Blind Fiord. The validity of this variation
is considered uncertain, pending determination of the marine reservoir effect for Portlandia
arctica in the region, and given the similar radiocarbon chronologies and proximity between
sites (with respect to the spatial integration of unloading).

Isobases drawn on the 8.5 ka shoreline for greater Eureka Sound demonstrate that a
cell of highest emergence extends along the length of the channel, and closes in the vicinity
of the entrance to Norwegian Bay. This pattern is inferred to be compatible with glacial
geological evidence for extensive late Wisconsinan glaciation in southern Eureka Sound (O
Cofaigh Chapter 2, this volume) and is attributed to a solely glacioisostatic origin, indicating

a loading centre over Eureka Sound during the late Wisconsinan (cf. Blake 1970).

5.4 RECOMMENDATIONS FOR FUTURE RESEARCH

(1) Collectively, independent glacial geological investigations from several locations
(Blake 1992a and b, 1993; Blake et al. 1992; Bednarski 1998; England 1998, in press, Dyke
in press; O Cofaigh this study), indicate an extensive Last Glacial Maximum for the alpine
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sector of the Queen Elizabeth Islands (Ellesmere and Axel Heiberg islands), extending into
the central Arctic. However, the extent and dynamics of late Wisconsinan glaciation further
west in the archipelago remains unknown. Future priority should therefore be placed on
Quaternary geologic studies throughout the western Arctic Archipelago. For example, a key
question is the age and source of granite erratics which occur on many of the islands in this
region (Craig and Fyles 1965; St.-Onge 1965, Balkwill et al. 1974; Hodgson 1989, 1990).
Utilisation of surface exposure dating methods would allow direct assessment of the age of
these erratics for the first time.

(2) With few exceptions (e.g., McLean et al. 1989; Lemmen 1990; Hein and Mudie
1991) the Quaternary marine record of the Canadian High Arctic remains largely unknown.
Although logistically challenging, a detailed program of coring and seismic investigation has
the potential to provide new insights on the extent of late Wisconsinan glaciation in the
archipelago, as well as information on glacier-dynamics, chronology and sedimentation. A key
aspect of this would involve sedimentological analysis and radiocarbon dating of cores from
the continental shelf off Prince Patrick Island eastwards to the Ringnes islands. If the
Innuitian Ice Sheet model is accurate with respect to maximum late Wisconsinan ice extent,
evidence for glacial expansion and sedimentation should be preserved there, as well the
earliest dates on deglaciation. In this regard, the origin of canyons on the continental shelf that
extend in towards the fiords and inter-island channels (Johnson et al. 1990) should be
investigated. Zarkhidze et al. (1991) also show shelf-transverse channels extending across the
outer part of the continental shelf off Ellesmere and Axel Heiberg islands which continue
down the continental slope, and similar channels extend down the continental slope north of
Prince Patrick and Borden islands. Many channels have sediment fans at their mouths. The
origin and significance of these channels and fans vis-a-vis past glacier extent, dynamics and
sedimentation (cf. Dowdeswell et al. 1996; Vorren et al. 1998) is uninvestigated.

(3) Finally, a continuing problem for Quaternary glacial geological studies in the
Canadian High Arctic is the lack of research on many aspects of contemporary glaciogenic
sedimentation in this region. For example, reconstructions of past glaciological information
such as basal thermal regime or subglacial drainage from the study of early Holocene

glaciomarine sedimentology would be strengthened by reference to appropriate modern
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analogues of ice-proximal glaciomarine sedimentary processes and products in the Canadian
High Arctic. However, no research has been conducted on this topic. Thus what constitutes
the ice-proximal deposits of a modern marine-terminating glacier in the Canadian High Arctic
is unknown, and this constrains our ability to interpret the ancient record. Future research on

modern ice-proximal glaciomarine sedimentation is therefore particularly desirable.
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