
INTRODUCTION
The eastern Canadian Arctic is believed to

play a critical role in the complex interactions
among ice-sheet dynamics, ocean circulation,
and climate. Cumberland Sound (Baffin Island)
and adjacent Hudson Strait were major conduits
for ice between the interior of the Laurentide Ice
Sheet and the North Atlantic Ocean during the
last glacial cycle. These conduits have been
implicated as sources of deglacial iceberg and
meltwater discharge events that affected ocean
thermohaline circulation and global climate
(Miller and Kaufman, 1990; Andrews et al.,
1991, 1995; Jennings et al., 1996).

Despite several decades of research, the
glacial history of eastern Baffin Island remains
controversial. Beginning with the work of Løken
(1966) and, later, Pheasant and Andrews (1973),
the concept of a restricted late Wisconsinan
glaciation evolved from a variety of field obser-
vations. Large outlets of Laurentide ice were
thought to have been restricted to the fiord heads,
and extensive lateral moraines along fiord mar-
gins were assigned early to middle Wisconsinan
ages based on their advanced weathering charac-
teristics. Ice-contact marine deposits in the inner
fiords are of Holocene or late Wisconsinan age,
whereas similar deposits along the outer coast,
bearing no evidence of glacial overriding, con-
tain in situ marine bivalves with elevated D/L
amino acid ratios, U-series dates >60 ka, and
non-finite radiocarbon ages (e.g., Miller et al.,
1977; Szabo et al., 1981; Miller, 1985). Dyke
et al. (1982) synthesized the glacial history of
Cumberland Peninsula (north of Cumberland
Sound), concluding that late Wisconsinan glacia-
tion was characterized by only modest expan-

sions of local ice caps and cirque glaciers. The
Dyke et al. (1982) scheme implies that the mag-
nitude of discrete glacial events progressively de-
creased through the last glacial cycle, possibly in
response to increased high-latitude aridity im-
posed by the growth of the Laurentide Ice Sheet
to the south (Andrews, 1980; Miller et al., 1992).

In contrast, Mayewski et al. (1981) argued that
maximum Wisconsinan glaciation of the Cana-
dian Arctic occurred in broad synchrony with the
globally recognized last glacial maximum, that is,
during oxygen isotope stage 2 (OIS2). Other
authors (Hughes et al., 1977; Sugden and Watts,
1977; Denton and Hughes, 1981) have similarly
suggested that Baffin Island was entirely over-
whelmed by Laurentide ice during the late Wis-
consinan. These views are supported, to some de-
gree, by evidence from marine sediment cores in

Cumberland Sound (Jennings, 1993) and cosmo-
genic exposure ages from moraines on southern
Cumberland Peninsula (Marsella et al., 1996) that
favor more extensive glaciation during the late
Wisconsinan than suggested by Dyke et al. (1982).
Such evidence, however, must be reconciled with
the preservation of organic sediments, radio-
carbon dated to between 17 and 37 ka, in cores
from upland lakes on Cumberland Peninsula
(Davis et al., 1993; Wolfe and Härtling, 1996).

We present data from the Merchants Bay re-
gion, northern Cumberland Peninsula, that better
define the timing and character of glaciation on
eastern Baffin Island. Radiocarbon dates from
lake sediments and cosmogenic isotope exposure
ages from adjacent moraines and bedrock con-
strain the timing of the last pervasive glaciation
that covered areas >500 m above sea level (asl).
Exposure ages from lateral moraines 450–120 m
asl provide direct limiting ages for successive
Wisconsinan ice-marginal positions.

STUDYAREA
The Mitten Peninsula (unofficial name; Fig. 1)

and adjacent Merchants Bay are strategically
located to evaluate the interplay among local
alpine glaciers, regional ice caps, and the north-
eastern margin of the Laurentide Ice Sheet. This
area is characterized by rolling uplands that
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Canada. Lake sediments radiocarbon dated to between 14 and >52 ka, coupled to 10Be and 26Al
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through the late Wisconsinan with marine evidence for extensive outlet glaciers in the major
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Figure 1. Study area on northern Cumberland Peninsula, showing location of cored lakes, and
collection sites for cosmogenic isotope samples. C.S. in inset map refers to Cumberland Sound.



become progressively more dissected inland.
Below ~500 m asl, bedrock surfaces are only
moderately weathered, suggesting relatively
recent glacial scouring. In some areas, lateral
moraines are well preserved, marking the previ-
ous positions of outlet glaciers draining the
Cumberland Peninsula mainland. However, iso-
statically emerged marine deposits of Holocene
or late Wisconsinan age are altogether absent.
Upland surfaces above 500 m asl have been
glaciated, as indicated by the presence of erratics,
but are highly weathered and dominated by
mature blockfields (felsenmeer). Partly on the
basis of relative weathering characteristics, these
and similar uplands have been assigned to pre
late Wisconsinan glacial events (England and
Andrews, 1973; Pheasant and Andrews, 1973;
Hawkins, 1985). Some authors have suggested
that the boundary between scoured and felsen-
meer-dominated surfaces on Cumberland Penin-
sula reflects the transition from warm to cold-
based ice, rather than a chronological boundary
(Sugden and Watts, 1977; Bierman et al., 1998).

COSMOGENIC EXPOSURE AGES
Quartz-rich clasts and quartz veins on the

Mitten Peninsula were sampled for cosmogenic
isotope exposure dating; sampling sites are shown
in Figure 1. Two samples each were selected
from moraine and bedrock surfaces (sites 3, 4)
that should most closely constrain the age of last
glaciation on the uplands; four samples were
selected from the crests of lower moraines (sites
1, 2) that record the occupation of Padlee Fiord
and Merchants Bay by Laurentide ice.

We processed samples for analysis of 26Al and
10Be in quartz using the methods of Kohl and
Nishiizumi (1992). Isotopic ratio measurements
were made by accelerator mass spectrometry
(AMS) at Lawrence Livermore National Labora-
tory. Total Al and Be concentrations were
measured by inductively coupled plasma atomic
emission spectroscopy at the University of Colo-
rado. Results are shown in Table 1. Exposure
ages were calculated using the 10Be and 26Al pro-
duction rates of Nishiizumi et al. (1989), cor-
rected for altitude and latitude using the scaling

factors of Lal (1991). Assuming constant expo-
sure and no erosion, these ages may be consid-
ered accurate to ± 20%, taking into account both
analytical (Table 1) and production rate uncer-
tainties (Clark et al., 1995).

Figure 2 shows calculated minimum and maxi-
mum landform ages, given plausible exposure
and erosion histories. Minimum ages are given by
the assumption of constant exposure and no ero-
sion. Maximum age estimates are calculated (e.g.,
Lal., 1991) by assuming constant exposure for a
range of erosion rates (0 to 8 mm k.y.–1), assum-
ing a cosmic ray attenuation of 150 g cm–2, and
a bedrock density of 2.7 g cm–3. An erosion rate
of 8 mm k.y.–1, corresponding to the lower esti-
mate for glacial erosion in Cumberland Peninsula
cirques (Anderson, 1979), represents an extreme
value, and hence a conservative maximum expo-
sure age, for the well-preserved moraines and the
low-relief bedrock surfaces considered here.
Independent estimates suggest much lower ero-
sion rates, less than 1 mm k.y.–1 (Watts, 1979;
Bierman et al., 1998).

Calculated exposure ages (Fig. 2) increase with
elevation and distance inland from Merchants
Bay, consistent with field stratigraphic relation-
ships. The moraines require occupation of Mer-
chants Bay by Laurentide ice draining Cumber-
land Peninsula through Padlee Fiord, and show
that Merchants Bay was inundated by ice several
times (or continuously with recessional still-
stands) during the late Wisconsinan interval.
Minimum ages on the moraine at 450 m asl indi-
cate that the vertical extent of Laurentide ice
occupying Padlee Fiord was insufficient to over-
whelm the uplands of the Mitten at any time after
ca. 35 ka. Minimum ages on bedrock samples at
765 m asl further suggest that the last occupation
of the uplands by Laurentide ice was prior to
50 ka. Importantly, 26Al/10Be ratios for all sites
(except the youngest, for which Al measurement
uncertainties are large) are close to the empirical
production ratio of 6.0 (Nishiizumi et al., 1989).
This result is inconsistent with multiple episodes
of prolonged exposure and burial over several
glacial cycles, as invoked for the low 26Al/10Be
ratios obtained from upland surfaces on southern

Cumberland Peninsula (Bierman et al., 1998).
These geochemical and stratigraphic relationships
do not, however, provide unequivocal evidence
against burial of uplands by snowfields or locally
derived, weakly erosive, cold-based glacier ice at
some time during the late Wisconsinan. If, for
example, the upland surfaces were first exposed
at 80 ka, but then buried from 30 ka to 10 ka,
model exposure ages would be close to 60 ka (cf.
Table 1) but 26Al/10Be ratios would be reduced by
less than 3%, undetectable at current analytical
precision (e.g., Gillespie and Bierman, 1995).

LAKE SEDIMENTS
Cores from two small lakes on the uplands of

the Mitten Peninsula, and an additional lake on
Padloping Island (Fig. 1), support our interpreta-
tion of the cosmogenic isotope data. Fog Lake
(lat. 67°11′N, long. 63°15′W; 460 m asl; 10 m
maximum water depth) is dammed by glacial
debris 50 m above the floor of a valley that
transects the Mitten Peninsula. Gnarly Lake
(lat. 67°13′N, long. 63°02′W; 220 m asl; 14 m
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Figure 2. Calculated exposure ages versus
elevation for samples from Mitten Peninsula.
For each mean exposure age (circles) maxi-
mum and minimum error bars reflect analyti-
cal precision, uncertainty in isotope produc-
tion rates and range (0 to 8 mm k.y. –1) of
possible erosion rates. Dashed lines show a
schematic trend of ages versus elevation for
each assumed erosion rate.



deep) is the remnant of a larger moraine-
dammed lake. Saddle Lake (lat. 67°04′N,
long. 62°42′W; 260 m asl; 3.5 m deep) occupies
the drainage divide above the former townsite
of Padloping Island. Cores were obtained in
May 1996 using a percussion coring system
(Nesje, 1992) capable of penetrating stiff, inor-
ganic sediments. Continuous cores of 137 cm
(96FOG-05), 264 cm (96GNR-01), and 219 cm
(96SAD-04) were collected from Fog, Gnarly,
and Saddle lakes, respectively. Radiocarbon
dates were obtained on macrofossils, as well as
humic acids extracted, following Abbott and
Stafford (1996). All 14C measurements were
made by AMS at Lawrence Livermore National
Laboratory on targets prepared at the University
of Colorado radiocarbon laboratory. Magnetic
susceptibility (MS, portable Bartington loop)
profiles for each core were made at 2 cm or 5 cm
resolutions, both in the field and again prior to
core splitting and logging in the laboratory. For
the Fog Lake core, organic content was esti-
mated by Walkley-Black gravimetric digestion.

Each of the three cores (Fig. 3) contains low
MS organic sediments that are pre-Holocene in
age and demonstrably lacustrine in origin. This
stratigraphy is best expressed at Fog Lake, where
a basal diamicton, capped with laminated silts,
gives way to 30 cm of dewatered gyttja of vari-
able organic content (4%–15%). Macrofossils
and humic acids from the base of the organic unit
yield non finite radiocarbon dates, whereas humic
acids from its upper contact date to 3514C ka.
Above the organic-rich unit are 30 cm of lami-
nated silts with a high MS signature and an
organic content consistently <3%; dates of 32 and

8 14C ka were obtained respectively from macro-
fossils near the lower and upper contacts of this
unit. The upper 50 cm of the Fog Lake core con-
sists of typical Holocene sediment: low-MS olive
gyttja with 5%–15% organic matter content.

Diamicton at the base of the Fog Lake
sequence reflects deglaciation of the upland prior
to 52 ka. Overlying organic sediments imply pro-
longed periods of enhanced terrestrial and
aquatic productivity. Primarily inorganic sedi-
ments after 35 14C ka probably reflect climatic
deterioration. Discrete clusters of 14C dates in the
8, 14–16, and 32–36 ka ranges, separated by only
a few centimeters, suggest that sedimentation
may have been discontinuous during oxygen iso-
tope stages 2 and 3. However, there is no evi-
dence that the lake was overridden. Glacial occu-
pation of lake basins produces a diagnostic
sedimentological signature that is easily recog-
nized, even where underlying organic sediments
are left largely intact (Miller et al., 1998). Most
likely, this stratigraphy reflects frigid full-glacial
conditions that reduced clastic sediment delivery
through limited summer runoff and perennial
lake ice cover.

While the Gnarly and Saddle Lake cores are
not as intensively dated as that from Fog Lake,
their stratigraphies support the interpretation that
uplands were not glaciated during oxygen stages
2 and 3. As in Fog Lake, both contain low-MS
organic sediments dating to >44 ka. A basal
diamicton in the Saddle Lake core represents the
last glaciation of uplands on Padloping Island,
prior to 52 ka. In Gnarly Lake, a 28 cm organic
layer underlies ice-proximal sands generated dur-
ing the formation of the moraine now damming

the lake. These records contrast sharply with the
stratigraphy of lakes within late Wisconsinan
limits. For example, the lake immediately distal
to exposure age site 1, 130 m asl, contains a
simple stratigraphy of 45 cm of gyttja over
175 cm of high-MS laminated glaciolacustrine
silt. Because this lake contains only a single cycle
of organic sedimentation, it is evidently younger
than its counterparts at higher elevations, con-
sistent with the exposure ages (10–17 ka) of the
moraine that dams it. Other lakes in the region
with simple stratigraphies yield basal dates of
early Holocene age. For example, mosses from
laminated silts at the base (104–105 cm) of a core
(95KEK-06) from Kekerturnak Lake (lat.
67°53′N, long. 64°50′W; 120 m asl) date to
9260 ± 85 14C yrs (AA-17954).

DISCUSSION
The cosmogenic isotope and lake sediment

data presented here indicate that late Wiscon-
sinan glaciation of Merchants Bay and the Mitten
Peninsula, and by inference, most of eastern
Baffin Island, was more extensive than pre-
viously suggested (e.g., Miller and Dyke, 1974;
Dyke et al., 1982), which is consistent with
marine geological evidence from Cumberland
Sound (Jennings, 1993; Jennings et al., 1996).
However, the most extensive Wisconsinan
glaciation did not occur during oxygen isotope
stage 2. Exposure ages from the higher moraines
indicate that the vertical extent of glaciation in
Padlee Fiord was greater earlier in oxygen iso-
tope stage 2 and greater yet during stage 3. In this
respect, our results corroborate the conclusion of
Andrews (1980), Dyke et al. (1982), and Miller
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Figure 3. Logs of sediment cores
from Fog, Gnarly, and Saddle Lakes,
with magnetic susceptibility, organic
content (Fog Lake only), and uncali-
brated radiocarbon dates.



et al. (1992) that the magnitude of successive
glaciations of eastern Baffin Island decreased
through the last glacial cycle.

The absence of Holocene emergent features in
Merchants Bay requires that late Wisconsinan
glaciation in this area contributed little isostatic
loading, or that deglaciation occurred early rela-
tive to eustatic sea level rise. This places impor-
tant caveats on the classical interpretation that
glacial limits necessarily lie within the zero
isobase of emergence. Our results also indicate
that, despite extensive glaciation in the fiords and
bays of northern Cumberland Peninsula, coastal
uplands remained free of Laurentide ice through-
out oxygen isotope stage 2. Concordant 26Al and
10Be exposure ages on bedrock and moraines,
coupled with independent stratigraphic and
chronological evidence from lake cores, indicate
that the last pervasive glaciation of coastal
uplands occurred no more recently than 35 ka
(the minimum exposure age of the uppermost
moraine, Fig. 2), and more likely considerably
earlier (bedrock exposure ages >50 ka and non
finite lake sediment radiocarbon dates, Fig. 3).
This confirms the potential for obtaining long
paleoenvironmental records from such areas
(Wolfe, 1994). The combined evidence suggests
that late Wisconsinan glaciation of eastern Baffin
Island was characterized by low gradient outlet
glaciers or ice streams restricted to the fiords and
valleys, separated by upland regions that re-
mained above the limit of Laurentide ice.
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