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ABSTRACT. Modern terrestrial glaciers in the Canadian High Arctic range from
polythermal to cold-based. Where polythermal glaciers override thick unconsolidated
sediment, longitudinal compression and glaciotectonic thrusting produce thrust-block
moraines. In contrast, the dominant geomorphic record of cold-based glaciers consists of
lateral and proglacial meltwater channels. Geomorphic and sedimentary evidence indi-
cates that late Quaternary fiord glaciers were also characterized by variations in basal
thermal regime. Erratic dispersal trains and striated bedrock record the flow of warm-
based ice during the Last Glacial Maximum. Emergent grounding-line fans and morainal
banks, deposited during deglaciation, consist of heterogeneous glaciomarine deposits that
record well-developed subglacial drainage and high sedimentation rates. However, in other
fiords, subaqueous outwash and fine-grained glaciomarine deposits are absent and de-
glaciation is recorded by lateral meltwater channels graded to raised glaciomarine deltas,
suggesting these glaciers were predominantly cold-based during retreat. Regionally, degla-
cial depocentres are located at pinning points within fiords and a prominent belt of glacio-
genic landforms at fiord heads records stabilization of ice margins during early Holocene
retreat, rather than the limit of late Quaternary glaciation. Collectively, these observations
refute previous reconstructions which inferred a climatically controlled switch from cold- to
warm-based thermal conditions in fiord glaciers during early Holocene deglaciation, and
indicate that the dominant controls on thermal regime were glaciological.

INTRODUCTION fiord glaciers on Ellesmere and Axel Heiberg Islands in the
Canadian High Arctic (Fig. 1) and to discuss the implica-

. . . . . tions of these data for late Quaternary glaciation in the

In modern glacioterrestrial and glaciomarine settings, char- - - .
region, focusing on basal thermal regime and controls

thereon, with reference to appropriate modern analogues.

We first highlight elements of the modern glacioterrestrial

acteristic glacial landform—sediment assemblages are indi-
cative of particular basal thermal regimes. Landform—
sediment assemblages, produced by terrestrial and marine
warm-based glaciers, typically reflect the dominant influ-
ences of extensive basal sliding, subglacial sediment deform-

and glaciomarine environments.

Previous work on this topic from Ellesmere Island argued
that well-developed late Quaternary deglacial landform—
sediment assemblages at many fiord heads in the region mark
both the limit of the last glaciation and record a transient,
climatically controlled switch in basal thermal regime from

ation and well-developed subglacial drainage systems (e.g.
Boulton, 1972; Powell and Molnia, 1989). Although these
processes have been observed beneath some contemporary
cold-based glaciers (Echelmeyer and Wang, 1987), their
magnitude is limited compared to warm-based glaciers. In
general, the sedimentary and geomorphic products of cold-
based ice masses reflect an absence of subglacial meltwater,

cold- to warm-based, which contrasts with inferred cold-
based conditions during the Last Glacial Maximum (LGM)
and the present (e.g. England, 1987; Lemmen, 1990; Stewart,
1991; Evans and England, 1992). In this paper, we present evi-
dence for spatial variation in the basal thermal regime of
both past and present glaciers in the region. We argue that,

basal sliding and subglacial deformation (e.g. Rains and
Shaw, 1981; Powell and others, 1996). Such information has
been utilized in studies of ancient glaciogenic landforms

, ; during the late Quaternary, this variation was controlled by
and sediments to make inferences about past basal thermal

glaciological factors rather than by climate, and that the
location of glacial landform—sediment assemblages reflects
the control of fiord bathymetry on glacier dynamics during
deglaciation and not a restricted LGM.

regime (e.g. Clayton and Moran, 1974).
The objective of this paper is to describe glacial land-
form—sediment assemblages produced by late Quaternary
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Fag. 1. Numbered sites on Ellesmere and Axel Heiberg Islands
referenced wn text. (1) Expedition Fiord; (2) Iceberg Glacier;
(3) Otto Glacier; (4) Phillips Inlet; (5) Disraeli Fiord; (6)
Clements Markham Inlet; (7) Cafion Fiord; (8) Eureka
Sound; (9) Bay Fiord; (10) Trold Fiord; (11) Blind Fiord;
(12) Starfish Bay; (13) Svendsen Peninsula; (14) Baumann
Fiord. Contemporary ice cover is shaded dark.

(between 76° and 83°N; Fig. 1) predominantly consists of
ice caps feeding valley and piedmont outlet glaciers that
frequently extend to the sea. Ice thickness ranges from
300-800 m for ice caps, and 200-500 m for outlet glaciers
(Koerner, 1989). Although there have been some detailed
studies of terrestrial glaciology and glacial geomorphology
(e.g. Kilin, 1971; Miiller, 1976; Blatter, 1987; Evans, 1989a),
systematic investigations of glacial geomorphic processes,
sediment transport and deposition are very limited. Studies

of the glaciomarine environment have focused on contem-
porary fiord sedimentation (e.g. Gilbert and others, 1993;
Expedition Fiord; site 1, Fig. 1), however, the basal thermal
regime of marine-terminating glaciers remains largely un-
known. We highlight below salient aspects of modern gla-
cial environments in the region that we feel are most
relevant to the interpretation of past glacial landform—sedi-
ment assemblages.

Plateau icefields, cirque glaciers and thin, low-activity
terrestrial outlet glaciers are characterized by a predom-
inantly cold-based thermal regime (Koerner, 1989). Asso-
ciated geomorphic processes are largely confined to
glaciofluvial erosion of meltwater channels. Because drain-
age on these glaciers occurs in supraglacial or ice-marginal
positions, sequential retreat is typically recorded by nested
lateral meltwater channels where suitable topography exists
(Fig. 2a). On eastern Ellesmere Island, intact, dead plant
communities which were overrun by ice at least 400 years
ago, are currently being exposed at the margin of a retreat-
ing outlet glacier (Bergsma and others, 1984) and testify to
the lack of active basal erosion.

On northern Ellesmere Island, some outlet glaciers form
floating ice tongues where they enter fiords and this likely
reflects a cold-based thermal regime (cf. Powell, 1984). The
only study of contemporary sedimentation in such an envir-
onment is from Disraeli Fiord (site 5, Fig. 1; Lemmen, 1990),
where sedimentation rates of 0.l mma ', are among the low-
est reported for any fiord environment and imply that the
nearby glaciers are cold-based. Uppermost sediments from
the inner fiord to within <lkm of the floating ice tongue
consist of massive to faintly laminated silty clay, devoid of
coarser sediment except for rare sandy bands interpreted
as sediment gravity-flow deposits.

Terrestrial polythermal outlet glaciers have been docu-
mented at several localities on Ellesmere and Axel Heiberg
Islands and they commonly contain both subglacial and en-
glacial drainage systems (Iken, 1972; Miiller, 1976; Blatter,
1987; Skidmore and Sharp, in press). In many valley bottoms
and fiord heads, Quaternary sediments are prone to excav-
ation by these glaciers, particularly where permafrost thick-
ness is variable. The primary landform resulting from this
excavation is nested, thrust-block moraines composed of al-
luvial, glaciolacustrine and glaciomarine sediments (Kélin,
1971; Evans, 1989b; IFig. 2b). Thrust blocks provide a sediment
source for entrainment if subsequently overridden, and this

Irg. 2. Contemporary terrestrial ice-marginal environments: (a) lateral meltwater channels along margin of outlet glacier, Axel
Heiberg Island; (b) thrust-block moraine, Axel Heiberg Island, incised by proglacial meltwater channels. The prominent arcuate
end moraine records the terminus position contemporaneous with thrusting.
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Fig. 3. Late Quaternary deglacial landform—sediment assemblages: (a) arcuate morainal bank (arrowed) inset between fiord
side and ice-moulded bedrock highs, Trold Fiord, Ellesmere Island ( site 10, Fig. 1); (b) emergent glaciomarine sediments at fiord
head, Clements Markham Inlet, Ellesmere Island ( site 6, Iig. 1), including grounding-line fan deposits overlain by flat-topped,

wce-contact deltas.

augments other entrainment processes in polythermal outlet
glaciers, such as overriding of frontal aprons (Evans, 1989a)
and refreezing at snouts (Boulton, 1972). Supraglacial debris
1s delivered to glacier surfaces from valley sides (where suit-
able topography exists), as well as by aeolian processes,
although heavily debris-covered glaciers are rare.
Marine-terminating, polythermal glaciers have not been
documented to date in the Canadian High Arctic. Cafon
Fiord on Ellesmere Island (site 7, Fig. 1) 1s an ice-contact en-
vironment with estimated sedimentation rates of 1-2mma ',
six kilometers from the ice margin (Gilbert and Aitken, in
press). The order of magnitude difference in sedimentation
rates between Canon and Disraeli Fiords (Lemmen, 1990)
raises the possibility that the former is fed by a polythermal

glacier. A warm-based or polythermal basal regime for some
marine-terminating glaciers on Ellesmere and Axel Heiberg
Islands 1s also implied by the documented surging of Otto
Glacier (site 3, Fig. 1) on northwestern Ellesmere Island (Hat-
tersley-Smith, 1969) and morphologic evidence for past sur-
ging at other sites (e.g. Iceberg Glacier, Axel Heiberg Island;
site 2, Fig. I; Ommanney, 1969).

LATE QUATERNARY GLACIAL ENVIRONMENTS
Evidence of warm-based ice during the LGM

Dispersal trains and ice-moulded bedrock
Dispersal trains of granitic till extend westwards from the

Fig. 4. Early Holocene glaciomarine sediments in grounding-line fans and morainal banks: (a) channelized, normally graded
gravel with sharp erosional contacts, interpreted as high-density turbidity-current deposit; (b) horizontally laminated sand—silt
couplets with occasional small dropstones, interpreted as suspension deposits from turbid plume with limited iceberg-rafted debris;
(¢) horizontally laminated sand—silt couplets grading upwards to massive, matrix-supported diamict, interpreted as suspension
deposits overlain by iceberg-rafted diamict; (d) stacked beds of massive diamict, separated by sharp contacts or thinly bedded
horizontally laminated sand with outsized clasts at bed tops, interpreted as subaqueous cohesive debris-flow deposits.
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Table 1. Principal lithofacies exposed in early Holocene morainal banks and grounding-line fans, Canadian High Arctic

Landform—sediment
assoctation

Lithofactes

Interpretation

Grounding-line fan Diamict: matrix-supported and massive. Isolated dropstones.

Morainal bank

Diamict: matrix-supported and massive. Crude-bedding, erosional
lower contacts and rip-up clasts.

Dramict: matrix-supported and stratified. Clast lags and sandy
stringers.

Ghravel: clast to matrix-supported, normal grading, channelized.

Gravel: clast to matrix-supported, inversely graded basal layer,
channelized.

Sand: medium-fine, massive, channelized, erosional lower contacts,
rip-up clasts, soft-sediment deformation structures.

Sand: medium-fine, variably graded, channelized, erosional
lower contacts, rip-up clasts, soft-sediment deformation.

Sand: medium to fine, rippled, includes both types A- and B-climbing
ripples. Typically associated with normally graded or massive
sand, starved ripples and draped lamination.

Sand: fine to silt, draped lamination. Overlies rippled sands and
occurs in close association with starved ripples and normally
graded or massive sand.

Fines: horizontally laminated sand—silt couplets and silt-mud
couplets. Contain occasional dropstones and drape underlying
sediments.

Various: deformed. Thrust faults and contorted bedding.

Diamict: matrix-supported and massive, with dispersed striated
and facetted clasts, and rare paired bivalves. Concave-up clast
lags and sandy stringers define individual beds of massive diamict.
Contains occasional lenticular interbeds of poorly-sorted clast to
matrix-supported, massive gravel (see below).

Diamict: matrix-supported, massive to weakly graded
(variable coarse-tail). Stacked beds separated by sharp contacts
or horizontally laminated sands. Large isolated clasts at bed tops.

Diamict: matrix-supported and massive with striated and facetted
clasts. Directly overlies striated and ice-moulded bedrock and
forms basal unit in morainal bank successions.

Gravel: poorly-sorted, clast to matrix-supported, massive.

Occurs as lenticular interbeds with crudely erosional to deformed
contacts within massive diamict.

Fines: horizontally laminated sand—silt couplets, occasional
dropstones and paired bivalves. Normally graded sand laminae with
sharp bases fining upwards into massive silt. Channelized.

Various: deformed. Contorted bedding, shear planes, penetrative
deformation at base.

Rain-out of iceberg-rafted debris and suspended fines.

Subaqueous cohesive debris flow.

Rain-out of iceberg-rafted debris and suspended fines,
traction current reworking.

High-density turbidity currents in subaqueous outwash
fan channels.

Cohesionless debris flow in subaqueous outwash fan
channels.

High-density turbidity currents within subaqueous
outwash fan channels.

High-density turbidity currents within subaqueous
outwash fan channels.

Turbidity currents in interchannel or overbank areas of
subaqueous outwash fan.

Suspension sedimentation from low-density turbidity
currents in overbank and interchannel areas of
subaqueous outwash fan.

Suspension sedimentation from turbid plume <1lkm

(sand-silt couplets) and >1km (silt-mud) from
the ice margin.

Glaciotectonic deformation.

Rain-out of coarse iceberg-rafted debris and
suspended sediment. Lags and gravel interbeds
record scour/scour and fill by subglacial meltwater
jetin the zone of flow establishment.

Subaqueous mass flow.

Basal till.

Chut and fill by meltwater jet emanating from
subglacial conduit. Gravels record rapid infilling of
scours by hyperconcentrated flows.

Ice-proximal suspension deposition from turbid plume
with minor ice rafting. Channels record initial erosion

by meltwater jet emanating from subglacial conduit with

subsequent passive infilling by fine-grained sediments.

Glaciotectonic deformation.

Prince of Wales Icefield on central Ellesmere Island: (1)
through Bay Fiord (site 9, Fig. 1) extending northwards
along the axis of Eureka Sound (site 8, Fig. 1) for ~200 kmy;
and (2) across northern Svendsen Peninsula (site 13, Fig. 1)
and outer Baumann Fiord (site 14, Fig. 1). These dispersal
trains directly overly striated and ice-moulded bedrock re-
cording westerly ice flow, and are dominated by striated
granite erratics. The principal source of these granite erra-
tics is the Canadian Shield of southeastern Ellesmere Island
which underlies the Prince of Wales Icefield (Fig. 1).
Dispersal trains and striated bedrock record the flow of
warm-based ice into Eureka Sound from a former ice divide
on central Ellesmere Island. Radiocarbon dates on glacially
transported shell fragments from the granitic till and *°Cl
surface-exposure dates on granite erratics and adjacent bed-
rock indicate that the dispersal trains are late Wisconsinan

198

https://doi.org/10.3189/172756499781821760 Published online by Cambridge University Press

(O Cofaigh and others, 1998). Non-granitic till and deglacial
landforms north and south of the dispersal trains indicate
that these areas also supported extensive ice cover during
the late Wisconsinan which was coalescent with the granite-
carrying ice. The dispersal trains therefore record areas of
preferential (warm-based) flow within a regional ice cover.

Evidence of warm-based or polythermal ice during
deglaciation

Deglaciation of Ellesmere and Axel Heiberg Islands com-
menced prior to 10 kyr BP, and resulted in glacioisostatic re-
bound of up to 150 m. Consequently, large areas of the
former sea floor are now exposed, allowing detailed investi-
gations of early Holocene emergent glaciomarine deposits.
These sediments form the building blocks of grounding-line
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fans, morainal banks and ice-contact deltas and record
changes in both proximity of the ice margin to the deposit-
1onal site and relative sea level (Fig. 3a and b; Bednarski,
1988; Evans, 1990; Stewart, 1991; o) Cofaigh, 1998). The dis-
tribution of these deglacial landform—sediment assemblages
exhibits a close relationship to fiord bathymetry, being most
abundant where fiords are locally narrow and shallow, such
as at fiord heads. These localities served as pinning points
during deglaciation and hence as local glaciomarine depo-
centres. Between pinning points, deglacial landforms and
sediments are commonly sparse or absent. This indicates
that the retreat of fiord glaciers was controlled by bathy-
metry, with intervals of rapid ice recession between pinning
points, punctuated by stabilization and deposition.

The following two sections describe landform—sediment
assemblages deposited by late Quaternary fiord glaciers
during deglaciation (Fig. 4 and Table 1). The data are based
on observations of grounding-line fan and morainal-bank se-
quences on northern and western Ellesmere Island (Phillips
Inlet, site 4, Fig. I; Clements Markham Inlet, site 6, Fig. 1;
Stewart, 1991; Trold Fiord, site 10, Fig. I; Starfish Bay, site 12,
Fig. 1). Many of these lithofacies document the importance of
subglacial meltwater and are similar to those described from
modern sub-polar and temperate glaciomarine settings (cf.
Elverhei and others, 1980; Powell and Molnia, 1989).

Grounding-line fans

Grounding-line fans form where sediment-laden meltwater de-
bouches from a subglacial conduit into deep water (Powell and
Molnia, 1989). Deposits typically consist of rapidly alternating
gravel, sand, mud and diamict which record a wide variety of
ice-proximal glaciomarine sedimentary processes (Table 1).

Sediment gravity-flow deposits are particularly common
within grounding-line fans. These reflect the ice-proximal
depositional setting, where high sedimentation rates coupled
with minor ice-marginal fluctuations make deposits highly
susceptible to failure and downslope transport. Channelized
units of variably graded (normal or inverse to normal) cob-
ble and pebble gravel, as well as amalgamated beds of mas-
sive or graded sand with erosional lower contacts, rip-up
clasts and soft-sediment deformation structures are the pro-
duct of high-density turbidity currents (cf. Postma, 1986; Fig.
4a). Thinly bedded partial Bouma sequences (Tac or Tace),
rippled sands and draped lamination occur adjacent to
channelized sands and likely record turbidity current depos-
ition in interchannel areas. Massive and crudely bedded dia-
micts characterized by stacked beds, rip-up clasts of
underlying sediment and erosional lower contacts, record
subaqueous cohesive debris-flows.

Suspension and rain-out deposits also account for a large
proportion of grounding-line fan sediments in the region.
These comprise various diamict and interlaminated sand—
mud lithofacies (Table 1). Massive, matrix-supported dia-
micts are common and locally contain large isolated clasts
and thin beds of horizontally laminated sand-silt couplets.
Large clasts frequently deform, or are draped by, the finer-
grained interbeds. These lithofacies are interpreted to
record rain-out of iceberg-rafted debris and suspension set-
tling of fines (cf. Dowdeswell and others, 1994). Stratified,
matrix-supported diamicts with sandy stringers and grav-
elly lags are inferred to record rain-out of coarse debris with
intermittent traction-current activity. Thick sequences of
interlaminated sand and silt, varying from graded couplets
of very fine sand and sandy silt to silty clay with sand, are
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also common (Stewart, 1991). These lithofacies represent
suspension deposits from turbid plumes emanating from
subglacial conduits at the ice margin (cf. Mackiewicz and
others, 1984).

Morainal banks

Morainal banks are subaqueous moraines formed along
grounding lines during an interval of ice-margin stability.
A significant part of their internal structure may be com-
posed of overlapping grounding-line fans. Their elongate
morphology reflects deposition from several point sources
along the ice front and ice-marginal oscillations that bull-
doze and squeeze sediment at the grounding line. Morainal
bank size is controlled by the duration of grounding-line
stability, availability of debris for entrainment and the rate
of sediment flux to the ice margin (cf. Powell and Molnia,
1989). In Trold Fiord, southwestern Ellesmere Island (site
10, Fig. 1), an abundant basal debris supply and high sedi-
mentation rates (~80 mma '), coupled with grounding-line
stability of ~ 400 years, resulted in construction of an early
Holocene morainal bank >30m high. In Phillips Inlet,
northwestern Ellesmere Island (site 4, Fig. 1), morainal banks
are commonly <5m high, reflecting a lack of available
debris for entrainment by plateau glaciers that advanced
across terrain with patchy or no sediment cover (thin resid-
uum and bedrock) prior to reaching the sea (Evans, 1990).

Sedimentologically, morainal-bank deposits on Elles-
mere and Axel Heiberg Islands range from simple diamict
veneers over ice-moulded bedrock to a variety of glaciomar-
ine lithofacies (Table 1). The latter include horizontally lami-
nated fines consisting of sand—silt couplets with sparse
dropstones and in-situ marine macrofauna (Fig. 4b and
Table 1). Sand laminae grade normally from sharp bases up-
wards into massive silt. Laminated fines are interpreted to
have been deposited by variable sediment fluxes from turbid
plumes with limited rain-out of coarse iceberg-rafted debris
(cf. Mackiewicz and others, 1984).

A range of diamict facies is observed. Massive, matrix-
supported diamict with striated and facetted clasts directly
overlying ice-moulded bedrock is interpreted as basal till.
This contrasts with massive or weakly graded, matrix-sup-
ported diamict which occurs in stacked beds separated by
sharp contacts or laterally continuous, thin 10-20 mm units
of horizontally laminated sand. Individual beds exhibit
weakly developed, normal or inverse coarse-tail grading,
or are massive with larger clasts at bed tops (Fig. 4d), reflect-
ing deposition from subaqueous mass flows with freighting
of larger clasts (cf. Postma, 1986). Finally, massive, matrix-
supported diamicts containing dispersed facetted clasts
and rare paired bivalves, interbedded with horizontally
laminated facies (Fig. 4c), are inferred to have originated
by rain-out of coarse iceberg-rafted debris coupled with sus-
pension settling of fines (cf. Dowdeswell and others, 1994).
Concave-up clast lags within these diamicts record local-
1zed scour by subglacial meltwater.

Evidence of cold-based ice during deglaciation

Certain fiords exhibit early Holocene deglacial landform—
sediment assemblages markedly different to those described
above. In Blind Fiord, southwestern Ellesmere Island (site
11, Fig. 1), fine-grained glaciomarine deposits and subaque-
ous outwash are absent above sea level. Rather, the degla-
cial geomorphic and sedimentary record is restricted to
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lateral meltwater channels and raised, coarse-grained gla-
ciomarine deltas up to 130 ma.s.l.

The location and abundance of these deposits is closely
related to fiord bathymetry. Pinning points are rare in the
wide and deep central fiord, and raised glaciomarine deltas,
where present, are poorly developed. These sediments con-
nect upslope to nested, low-gradient, shallow lateral melt-
water channels. This contrasts with the narrow and shallow
inner fiord, where steep, well-developed, nested lateral melt-
water channels grade to extensive accumulations of subaer-
ial glaciofluvial outwash and raised glaciomarine deltas.
Throughout the fiord, there is an absence of subaqueous out-
wash or fine-grained glaciomarine deposits, even at favor-
able pinning points (e.g. the fiord head). This absence of
subaqueous outwash, coupled to the geomorphic dominance
of lateral meltwater channels, suggests that the retreating
trunk glacier was predominantly cold-based (cf. Dyke, 1993).

DISCUSSION AND CONCLUSIONS
Implications for late Quaternary glaciation

The above observations indicate that late Quaternary fiord
glaciers in the Canadian High Arctic were characterized by
variations in basal thermal regime. Some fiord glaciers were
warm-based throughout much of their length during the
LGM, moulding and striating underlying bedrock and de-
positing dispersal trains. During deglaciation, well-developed
subglacial drainage systems delivered large volumes of sedi-
ment and meltwater to the ice margin, forming heterogeneous
glaciomarine deposits. By contrast, other trunk glaciers
appear to have lacked subglacial drainage systems during
early Holocene retreat and meltwater evacuation occurred
dominantly along their lateral margins, implying they were
cold-based. Modern terrestrial glaciers on Ellesmere and Axel
Heiberg Islands range from cold-based to polythermal and
limited observations suggest that similar variability exists
among modern marine-terminating glaciers.

The specific basal thermal regime of an individual fiord
glacier was strongly influenced by the thickness and spatial
extent of its accumulation area. Convergent flow from ex-
tensive upland icefields would have resulted in increased
internal deformation and strain heating, particularly where
fiords were narrow. This would have promoted frictional
heating and sliding, facilitating development of warm-based
or polythermal basal conditions. For example, Bay Fiord
(site 9, Fig. 1) was a major conduit for convergent warm-
based ice flow draining an expanded Prince of Wales Icefield
(the primary regional ice divide during the LGM) and local
ice caps bordering the fiord during the LGM. In contrast,
fiords fed by thinner icefields with restricted accumulation
areas were more likely to support cold-based outlet glaciers,
e.g. Blind Fiord (site 11, Fig. 1).

Late Quaternary deglacial landform—sediment assem-
blages described above have been mapped by various work-
ers as forming a regional “drift belt” (Hodgson, 1985) at the
heads of many fiords on Ellesmere and Axel Heiberg islands
(e.g. Bednarski, 1988; Lemmen and others, 1994). Terrain be-
yond this “drift belt” in many fiords is characterized by a
sparsity of glaciogenic landforms and sediments (e.g. Eng-
land, 1987; O Cofaigh, 1998). The strong spatial relationship
between deglacial landform—sediment assemblages and
pinning points within fiords, indicates that the location of
early Holocene glaciomarine depocenters was predomin-
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antly controlled by fiord bathymetry. Pinning points facili-
tated glacier stabilization and sedimentation; thus fiord
heads were especially favorable locations for ice-marginal
stabilization and deposition, given their typically narrow
widths and shallow water. Topographically controlled stabil-
ization in the inner part of many fiords with subsequent ex-
tensive glaciogenic sedimentation, resulted in the
development of a regional belt of fiord-head landforms that
contrasts with a sparsity in many outer fiord areas, where
deep water and wide fiords facilitated more rapid, continuous
retreat.

The presence of this well-developed belt of deglacial
landforms in the inner parts of many fiords which exhibit se-
dimentological evidence of subglacial meltwater deposition,
combined with a sparsity of such features in the outer fiords,
has previously been interpreted to mark a climatically dri-
ven change in the style of deglacial sedimentation (e.g
Evans, 1990; Lemmen, 1990; Stewart, 1991; Evans and Eng-
land, 1992). This was based upon the interpretation that only
minor advances of cold-based glaciers occurred during the
LGM and was inferred to involve a transitory switch from
cold- to warm-based thermal conditions during the early
Holocene. However, recent glacial geological studies demon-
strate extensive late Quaternary ice cover in this region (e.g.
Blake, 1992; Bednarski, 1998; England, 1998; o) Cofaigh and
others, 1998). The fact that some constituent fiord glaciers ap-
pear to have been warm-based during the LGM and sup-
ported well-developed subglacial meltwater systems during
deglaciation, combined with the spatial variation in basal
thermal regime between retreating early Holocene fiord gla-
ciers documented above, indicates that the predominant
controls on basal thermal regime were related to more local
glaciological variables and not climate. The most significant
regional effect of warmer early Holocene climate (Bradley,
1990) was likely to facilitate increased ablation and asso-
ciated glaciomarine sedimentation.
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