
*Corresponding author. Tel.: 001-303-492-7132; fax: 001-303-492-
6388.

E-mail address: wolfea@stripe.colorado.edu (A.P. Wolfe)

Quaternary Science Reviews 18 (1999) 1563}1568

Rapid Communication

A paleolimnological constraint to the extent of the Last Glaciation on
northern Devon Island, Canadian High Arctic

Alexander P. Wolfe!,*, Roger H. King"
!Institute of Arctic and Alpine Research, Campus Box 450, University of Colorado, Boulder, CO 80309-0450, USA

"Department of Geography, University of Western Ontario, London, ON, Canada N6A 5C2

Abstract

Pre-Holocene lacustrine sediments from a small coastal lake on the Truelove Lowland, northeastern Devon Island, Nunavut
Territory, Canada, indicate that a viable terrestrial ecosystem existed prior to postglacial marine inundation and subsequent isostatic
emergence of the basin. An AMS 14C age of 38 ka BP on the basal lacustrine unit provides a preliminary geochronological framework.
This "nd has direct implications for regional glacial history, because it argues against both the Late Wisconsinan glaciation of certain
coastal lowlands on northern Devon Island, as well as the occupation of Jones Sound by an outlet of the Innuitian Ice Sheet between
Devon and Ellesmere islands. ( 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

Several recent papers (Dyke, 1998, 1999; England,
1998, 1999; Zreda et al., 1999) have signi"cantly ad-
vanced the debate surrounding the style and extent of
Late Wisconsinan glaciation in the Queen Elizabeth Is-
lands of Arctic Canada. The original debate opposed
proponents of a contiguous Late Wisconsinan Innuitian
Ice Sheet, grounded in theoretical (Mayewski et al., 1981),
"eld-based (Blake, 1970, 1975), or combined (Tushin-
gham, 1991) approaches, to supporters of much reduced
ice volumes, largely restricted to individual islands, and
collectively referred to as the Franklin Ice Complex (Eng-
land, 1976, 1987; Lemmen, 1989). New data from Devon
Island (Dyke, 1998, 1999), and a reinterpretation of the
Nares Strait region (between Greenland and north-
eastern Ellesmere Island; England, 1998, 1999) now con-
verge in their support for the Innuitian Ice Sheet.

The existence of terrestrial organic material of full-
glacial age has been central to arguments favoring the
model of restricted Late Wisconsinan glaciation (e.g.
Lemmen, 1989). On the other hand, the glacial geological
evidence for dynamic marine-based ice streams in major

inter-island channels such as Wellington Channel (Dyke,
1999), as well as the amounts and patterns of glacio-
isotatic uplift between islands (e.g. Tushingham, 1991),
imply strongly that a large ice sheet evolved centrally in
the archipelago, despite inferred conditions of extreme
glacial aridity (England and Bradley, 1978). Jones Sound,
which separates Devon and Ellesmere islands, is an im-
portant region as it connects the proposed center of the
Innuitian Ice Sheet with northern Ba$n Bay to the east,
and may therefore have represented a major Wiscon-
sinan ice conduit. Dyke (1999. p. 409) has nonetheless
stated that: `no strong argument can yet be made that
the Jones Sound Ice Stream was a Late Wisconsinan
featurea. In the present paper, we present lake sediment
core results from northern Devon Island that bear dir-
ectly on these contentious issues. Our objective is to
reconcile apparently disparate lines of evidence in order
to develop a harmonious model of Wisconsinan glacial
history in the Canadian High Arctic.

2. Study site

The Truelove Lowland (75333@N, 84340@W; 43 km2) is
one of several isostatically emerged marine platforms
that characterize the northeastern coast of Devon Island
(Fig. 1). Flanked by escarpments of Precambrian crystal-
line rocks overlain by Cambrian carbonates, these areas
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Fig. 1. Location of the study in the southeastern Queen Elizabeth Islands. The sites on Ellesmere Island where additional pre-Holocene terrestrial
materials have been located and dated (Table 1) are indicated by MP (Marvin Peninsula) and MI (Mackinson Inlet). Numbered rectangles in Jones
Sound indicate the locations of cores HU83-023-52 and HU83-023-53 discussed in the text. The shaded area indicates the most likely region to have
underlain the central dome of the Innuitian Ice Sheet (Blake, 1970; Dyke, 1999).

are relatively protected and therefore support surprising-
ly diverse biota for this latitude. The lowland is mantled
with marine sediments, including Holocene raised beach-
es that have impounded lakes and ponds that at present
cover 23% of the land surface.

Immerk Lake (20 m a.s.l.; 96 ha; Z
.!9

"8 m) is the third
largest lake on the lowland. Because it is situated at least
60 m below the local marine limit, Immerk Lake has
evolved from a marine embayment to an isostatically
uplifted lagoon to a freshwater lake. Additional limno-
logical and paleoenvironmental information has been pre-
sented elsewhere (Minns, 1977; Young and King, 1989).

3. Materials and methods

The core discussed here (89-IML01) was obtained with
a modi"ed percussion apparatus (Gilbert and Glew,
1985) through 2 m of ice, from a station approximately
120 m from the west shore of the lake (Fig. 1). This coring
location was not chosen through any selective criteria,
but rather as a testing site for the coring system. Upon
extrusion of the core, we noticed unusual organic sedi-
ments beneath shell-bearing glaciomarine muds, and thus
the core was retained and processed for closer examina-
tion in the laboratory. Repeated attempts to duplicate
the stratigraphy of this core failed, due to the di$culty of
penetrating the marine sediment.

Radiocarbon ages were obtained by accelerator mass
spectrometry (AMS) on decalci"ed sediment organic
matter. The results are the average of two machine-ready
targets, reported in uncalibrated radiocarbon years be-
fore present. Diatom slides were prepared using standard
techniques (Battarbee, 1986) and examined under oil-
immersion light microscopy. At least 500 diatom valves
were identi"ed and counted from the nine selected core
depths representing freshwater and brackish environ-
ments, using standard #oras (Patrick and Reimer,
1966,1975; Krammer and Lange-Bertalot, 1986}1991;
Foged, 1981; Germain, 1981). Diatom valves are sparse in
the levels of marine sediment that were examined.

4. Results

4.1. Core stratigraphy and chronology

The 115 cm core contains "ve stratigraphic units
(Fig. 2). These units are, in order of decreasing age: (1)
basal sorted sands, biologically sterile (111}115 cm); (2)
compacted and de-watered gyttja (105}111 cm); (3) silty
sand with shells at the top and progressively coarsening
upwards (67}105 cm); (4) black and reddish "ne-grained
laminated sediments containing a large drop-stone over
which laminae are conformably draped (56}67 cm); and
(5) massive olive gyttja (56}0 cm).
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Fig. 2. Lithology, relative frequencies of dominant diatom taxa, radiocarbon dates, and paleoenvironments inferred from the Immerk Lake core.

The basal organic sediment (105}107 cm) underlying
marine sands yielded an AMS 14C age of 38,020$810
(TO-1836). Shells of Mya truncata in apparent growth
position from near the top of the marine sands (68 cm)
dated to 9010$90 (TO-1835), whereas the uppermost
laminated sediments (53 cm) produced an age of
8810$110 (TO-1837). Two samples from the olive
gyttja, from 43 cm and the core top, produced ages of
5530$60 (TO-1839) and 2340$50 (TO-1838), respec-
tively. The latter radiocarbon age indicates either signi"-
cant core-top losses from the coring process, a lake
14C reservoir e!ect, or both.

4.2. Diatom content

The diatom results are not aimed at a detailed paleo-
environmental reconstruction, but rather as general indi-

cators of the character of the depositional environments
represented by each lithological unit. The base of the core
is devoid of diatoms. However, the lower organic sedi-
ments contain a distinctive freshwater #ora, character-
ized by Fragilaria pinnata and other congeneric taxa.
This assemblage resembles that of postglacial sediments,
although it contains trace frequencies of taxa that are not
present in the Holocene (e.g. Achnanthes laterostrata, Am-
phora perpusilla). Low-diversity #oras strongly domin-
ated by small colonial Fragilaria spp. are relatively
common in the High Arctic (Young and King, 1989;
Blake et al., 1992). The marine sediments overlying this
unit do not contain well-preserved diatoms; however,
certain fragments can positively be identi"ed to coastal
marine taxa such as Trachyneis aspera, Cocconeis scutel-
lum, and Diploneis bomboides. The black laminated
sediments that overly the shell-bearing sand horizon
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Table 1
Mid- and Late Wisconsinan terrestrial AMS 14C ages from Ellesmere and Devon islands. Locations are given in Fig. 1A

Location 14C age Lab. no. Material Reference

Marvin Peninsula 14,730$120 TO-498 Bryophytes Lemmen (1989)
Marvin Peninsula 15,710$180 TO-497 Bryophytes Lemmen (1989)
Marvin Peninsula 23,340$430 TO-489 Bryophytes Lemmen (1989)
Marvin Peninsula 31,360$400 TO-492 Bryophytes Lemmen (1989)
Mackinson Inlet 19,790$300 TO-2690 Sedge rhizome Blake (1992)
Mackinson Inlet 20,240$310 TO-1300 Sedge rhizome Blake (1992)
Mackinson Inlet 43,140$530 TO-190 Willow twig Blake (1992)
Truelove Lowland 38,020$810 TO-1836 Lake sediment This study

mark the re-appearance of freshwater diatoms of the
genus Fragilaria. Several halophilous naviculoid taxa are
also present in this sediment (Navicula digitoradiata,
N. salinarum, N. rhynchocephala), indicating an interval of
brackish conditions immediately following marine re-
gression and the isostatic isolation of the lake from the
sea. Mid- to late-Holocene sediments are dominated by
F. construens var. venter, Fragilaria pinnata, and F.
pseudoconstruens, and do not contain marine or brackish
taxa.

5. Discussion and implications

Although we concede that our chronology is prelimi-
nary, it remains that the Immerk Lake core stratigraphy
alone demonstrates that a lake existed on the Truelove
Lowland prior to postglacial marine transgression and
inundation. The radiocarbon age of 38 ka BP suggests
that this lake existed during mid-Wisconsinan time. Dia-
tom assemblages were similar, but not identical, to those
of the Holocene, and indicate an oligotrophic freshwater
ecosystem. Most important, there is no evidence that the
ancient lacustrine sediments have been glacially overrid-
den following their formation. Where subglacially- re-
served organic materials have been recognized,
a diagnostic lithological signature is produced, typically
including over-compacted minerogenic sediments (Miller
et al., 1999), which are nowhere observed in the Immerk
Lake core. Instead, Wisconsinan freshwater sediments
have been capped and preserved under littoral marine
sediments containing coastal diatom fragments and in
situ shells, deposited during transgression of the lowland.
Di!erences between the diatom assemblages of the two
samples that characterize the lower lacustrine unit sug-
gest that these sediments are also in situ. For example,
the upper sample (106 cm) contains brackish taxa, where-
as the lower sample (108 cm) does not (Fig. 2). Had the
lower lacustrine sediment been transported glacially or
otherwise, its diatom content would have been homogen-
ized. We therefore view our results as an indication that

parts of northern Devon Island were ice-free during the
mid- to Late Wisconsinan.

Terrestrial organic fragments of Wisconsinan age have
been reported from other parts of the Queen Elizabeth
Islands, most notably from northern and southeastern
Ellesmere Island (Fig. 1), where seven distinct moss and
vascular plant collections have produced AMS 14C ages
in the 14}43 ka BP range (Lemmen, 1989; Blake, 1992;
Table 1). Although these samples were obtained in asso-
ciation with glacigenic deposits, and therefore have been
transported in the proglacial environment, there is no
reason to question the validity of the ages themselves.
This implies that plants indeed grew at or near these
locations during pleniglacial conditions, thereby con-
straining the lateral extent of the Innuitian Ice Sheet. In
the Jones Sound region, it is noteworthy that a predomi-
nantly marine diatom-bearing deposit near Cape Storm
on southern Ellesmere Island, dated 35}43 ka BP, also
contains many obligate freshwater taxa (Lichti-Fed-
erovich, 1983). Given the resemblance of the freshwater
component of this assemblage to extant freshwater #oras
from Ellesmere Island (i.e. Cymbella, Fragilaria, Gom-
phonema, Hannaea, and Tabellaria spp.; Douglas and
Smol, 1993), it seems likely that these forms originated
locally from Wisconsinan-age freshwater habitats, and
were subsequently reworked and incorporated into gla-
cimarine sediments. Finally, two marine sediment cores
from the eastern basin (HU83-023-53) and the mouth
(HU83-023-52) of Jones Sound have produced basal
radiocarbon dates of '25,830 (Beta-8897) and
30,290$2490 (Beta-8896), respectively (Williams, 1990;
Fig. 1). Viewed collectively, these sparse data support the
possibility that the last glaciation of eastern Jones Sound
predated the Late Wisconsinan.

One reason that the debate concerning maximum vs.
minimum reconstructions of high-latitude ice sheets has
been so heated is that these two models represent end-
members within a spectrum of alternative possibilities. In
our intermediate view, the style of Late Wisconsinan
glaciation in the Canadian Arctic was such as to allow for
both highly dynamic ice masses, including low-pro"le ice
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streams that extended well beyond the minimalist view-
point (i.e. 10}40 km from modern glacier termini), to-
gether with the existence of unglaciated enclaves, situated
either above or beyond regional ice limits. For example,
the presence of a Late Wisconsinan ice stream in Wel-
lington Channel is di$cult to deny (cf. Dyke, 1999). But
at the same time, England's (1998, 1999) re-interpretation
of the Innuitian Ice Sheet's con"guration in the Nares
Strait region includes numerous paleo-nunataks on the
uplands of Judge Daly Promotory.

If climatology is what ultimately controls high-latitude
ice sheet development and con"guration (England and
Bradley, 1978; Miller and de Vernal, 1992; England,
1996), then one may predict little discrepancy between
the style of glaciation in the eastern Queen Elizabeth
Islands and that governing the northeastern sector
of the Laurentide Ice Sheet on Ba$n Island ('653N),
given common sources of precipitation for ice sheet
growth in both areas. On Cumberland Peninsula, for
example, the observations of Steig et al. (1998) indicate
that outlet glaciers exploited "ords and valleys to reach
the outer coast, well beyond their previously mapped
Late Wisconsinan positions. Ancient lakes demonstrate
that, occasionally, uplands separating these large outlets
remained above the limit of Laurentide ice. Perhaps
surprisingly, Late Wisconsinan glacial events on the
outer coast of northern Cumberland Peninsula did not
result in a subsequent record of Holocene emergence,
indicating either weak contributions to isostatic loading,
or early deglaciation relative to initial eustatic sea-level
rise.

In the Queen Elizabeth Islands, the model results of
Tushingham (1991) using a thick-ice (Innuitian) con"g-
uration systematically produce uplift histories that more
realistically match "eld-based 14C-dated emergence data
than the same model initiated with a thin-ice (Franklin)
complex. However, the Innuitian glacial extent and
thickness used in the ICE-3G geophysical model for the
Last Glacial Maximum (Tushingham and Peltier, 1991)
potentially allow for both a largely unglaciated Jones
Sound, as well as coastal regions beyond the ice margin
in many parts of the archipelago (Fig. 3a of Tushingham,
1991). This is perhaps the most parsimonious model to
date, consistent with observed patterns of rising
paleoshorelines towards the former Innuitian Ice Sheet
center, to the northwest of Devon Island (Blake, 1970,
1975; Dyke, 1998). On the other hand, the absence of an
embayment in isobases across Jones Sound (as is seen in
Lancaster Sound south of Devon Island) has been inter-
preted to indicate a much greater glacial load than is
borne out by the region's glacial geology (Dyke, 1998,
1999). Our data seem more compatible with alternate
explanations for the di!erent uplift patterns between
Jones and Lancaster sounds, such as a thicker crust
beneath the former (cf. Dyke, 1998). Such inconsistencies
are bound to persist in the discussion of an area as large

and as complex as the Queen Elizabeth Islands, and these
represent vital starting points for future study.

6. Conclusions

Paleolimnological results from Immerk Lake on the
Truelove Lowland of northeastern Devon Island demon-
strate the existence of a lacustrine ecosystem of Wiscon-
sinan age. The apparent survival of glacial-age terrestrial
biota is supported by several key radiocarbon ages from
Ellesmere Island. Therefore, despite the recent resurgence
of support for the Innuitian Ice Sheet, unglaciated en-
claves appear to existed regionally throughout the Queen
Elizabeth Islands. The observations presented in this
paper have attempted to reconcile paleoecological evid-
ence for refugia with the dynamic and extensive Late
Wisconsinan glacial style evidenced in other areas of the
Canadian High Arctic.
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