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Using paired 10 Be and 26Al measurements from
Ž .weathered bedrock surfaces, Bierman et al. 1999

presented a compelling case for long and complex
exposure histories of the uplands of southern Cum-
berland Peninsula, Baffin Island. The multiple nu-
clide strategy they have applied provides the first
quantitative estimates of average bedrock erosion
rates for the past )105 years. However, several key
elements of parallel and ongoing investigations in
this region have been omitted. By ignoring evidence
in support of unglaciated refugia, Bierman et al.
Ž .1999 have interpreted their observations as neces-
sarily requiring pervasive glacial ice cover during the
late Wisconsinan. In this comment, we present an
alternative model that reconciles the available
geochronological data, and which is more consistent
with traditional interpretations of weathering zones
in the context of relative dating schemes.

) Corresponding author. Tel.: q1-303-492-6962; fax: q1-303-
492-6388.

Ž .E-mail addresses: wolfea@stripe.colorado.edu A.P. Wolfe ,
Ž .esteig@sas.upenn.edu E.J. Steig , kaplanm@ucsu.colorado.edu

Ž .M.R. Kaplan .

1. Unglaciated enclaves on Baffin Island during
the late Wisconsinan

Glaciated landscapes on Cumberland Peninsula,
eastern Baffin Island, are characterized by distinct
weathering zones, which were originally interpreted
as delimiting surfaces of different ages and glacial

Ž .history Dyke et al., 1982 . Advanced weathering in
the uppermost of these zones has been viewed as
evidence against pervasive Wisconsinan glacial

Ž .cover. Other authors Sugden and Watts, 1977 have
argued that even delicate weathering features, includ-
ing the boundaries between weathering zones, may
be preserved under cold-based plateau ice caps. The

Ž .cosmogenic nuclide data of Bierman et al. 1999
appear to have resolved this long-standing debate by
demonstrating that the upper weathering zone has a
long and complex history that is incompatible with
prolonged continuous subaerial exposure.

Ž . 26 10Bierman et al. 1999 interpret low Alr Be
ratios, which demand long periods of burial to de-

Ž .velop, as implying p. 36 that Athe upper weathering
zone . . . may not, as previously postulated, have
served as biologic refugia during glacial maxima.B
Our ongoing research on Cumberland Peninsula, us-

Ž14 .ing paired lake sediment C and cosmogenic nu-
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Ž10 26 .clide Be and Al dating by accelerator mass
Ž .spectrometry AMS , argues against this conclusion.

Results from eight lakes on the upper weathering
zones of both northern and southern coasts of the
peninsula include 27 14C dates )14 ka BP, several
of which cluster around the Last Glacial Maximum
Ž .Fig. 1 . The lakes on southern Cumberland Penin-
sula are all less than 20 km from the sites of

Ž .Bierman et al. 1999 . We note that analytical blanks
of 14C-free alanine produce finite AMS ages but that
these results are )48 ka BP, indicating that finite
lake sediment dates in the 30–40 ka BP range are
likely to be valid. The range of materials and sites
that have now produced pre-Holocene ages further
dispels initial concerns over the validity of such

Ž .dates Wolfe and Hartling, 1996 . Although in sev-¨
eral lakes, it appears that pre-Holocene sedimenta-
tion was not continuous, the radiocarbon data sug-
gest that organisms survived in viable ecosystems at
least episodically during Oxygen Isotope Stages 2
and 3. This precludes the possibility of pervasive
mid- to late Wisconsinan glaciation of the uplands.

Intervals of nondeposition in lakes are presumably
related to prolonged conditions of perennial lake ice
cover. Additionally, it is possible that lake basins
were covered for millennia by snow fields; as Bier-

Ž .man et al. 1999 correctly point out, non-erosive
snow fields could attain sufficient thicknesses to
shield cosmogenic nuclide penetration and subse-
quent accumulation in bedrock. True glaciers, how-
ever, should produce an identifiable sedimentological
signature in the lake sediment record upon their
retreat, such as that documented from elsewhere on

Ž .Baffin Island Miller et al., 1999 . In no Wisconsi-
nan-age sediments from lakes on the upper weather-
ing zone have we identified such glaciogenic hori-
zons. Furthermore, across none of the uplands we
have surveyed have we noted landform assemblages
diagnostic of the regional passage of cold-based ice,

Žsuch as recessional melt-water channels Dyke,
.1993 . The glacial geological record of the upper

weathering zone is dominated by local cirques, which
occupy a relatively minor areal proportion of this
landscape by comparison to felsenmeer.

Fig. 1. Summary of published and unpublished pre-Holocene lake sediment 14C results from lakes on the weathered uplands of southern
Ž . Ž .shaded and northern unshaded Cumberland Peninsula. Dated materials include both macrofossils and humic acids extracted according to

Ž . 14Abbott and Stafford 1996 . Black diamonds indicate results obtained from C-free alanine blanks analyzed at the same time as our lake
sediment samples.
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2. Appraising cosmogenic nuclide data

It is difficult to fully evaluate the plateau bedrock
cosmogenic ages and inferred exposure histories of

Ž .Bierman et al. 1999 in the absence of complimen-
tary results from adjacent moraine systems. In exam-
ples from the northern coast of Cumberland Penin-
sula, as little as 150 km from the study area of

Ž .Bierman et al. 1999 , we have shown that the upper
Ž .lateral moraines 450 m asl that surround a weath-

ered upland have cosmogenic 10 Be and 26Al ages in
Ž .the 34–37 ka range Steig et al., 1998 . This indi-

cates that northward-flowing outlets from a regional
glacial complex on Cumberland Peninsula remained
restricted to fiords and thus, did not overwhelm

plateaus during the mid- to late Wisconsinan. We
feel that these data are more directly related to the

Ž .conclusions of Bierman et al. 1999 than are the
examples they chose to cite from temperate areas in
Fennoscandia and North America, inherited under
what were likely completely different glacio-climatic
regimes than those having prevailed over eastern
Baffin Island.

We now present a simple model that is consistent,
both with the preservation of ancient organic de-
posits in upland lakes on Cumberland Peninsula, as
well as the development of surfaces that produce
cosmogenic nuclide results indicative of complex
sample histories. For simplicity, we assumed that
glacial cover over the uplands during the last 1 Ma,

Fig. 2. An alternative model for the development of upland bedrock samples with complex cosmogenic isotope histories on eastern Baffin
Ž . Ž . Ž .Island. A The last 300 ka showing intervals of glacial burial shaded and exposure unshaded . Cycles of 100 ka burial and 10 ka

exposure alternate back to 740 ka, with the exception of the most recent cycle, in which 80 ka of exposure are preceded by 40 ka of burial.
18 Ž . Ž . 26 10 ŽThe global oceanic d O record shown for reference is after Imbrie et al. 1984 . B Modelled evolution of sample Alr Be ratios black

. 10 Ž .line and Be concentrations gray line over the last 1 Ma for the model described above and in the text. Arrows indicate the maximum
Ž .values reported by Bierman et al. 1999 from bedrock surfaces in the upper weathering zone.
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has for the most part, paralleled global ice volume.
For the last 740 ka, we alternate 100 ka of burial
with 10 ka of exposure, with the exception of the last
glaciation, for which the lacustrine evidence suggests

Ž Ž ..otherwise Fig. 2 A . We choose 80 ka as the
duration of the most recent nonglacial interval in
accordance to preliminary luminescence age esti-
mates for lake sediments beyond the range of 14C
dating. Before 740 ka, the orbital pacemaker dictates

Žthe prevalence of 40 ka cycles Ruddiman et al.,
.1986 , which we have divided into alternating 20-ka

intervals of exposure and burial. We characterize all
Ž .periods of burial totalling 740 ka by zero erosion,

which is consistent with a relatively thin and cold-
based ice cover on the upland surfaces. An erosion
rate of 25 m May1 is applied to all periods of

Ž .exposure 260 ka , resulting in an average rate of 6.5
m May1. In considering the likelihood for acceler-
ated erosion of landscapes that have been pre-condi-

Ž .tioned by glaciation Church and Ryder, 1972 , this
relatively high value is not unrealistic. High erosion
rates for nonglacial intervals prevents sample 10 Be
concentrations from exceeding the measured range

Ž . 6reported by Bierman et al. 1999 : 0.42–0.75=10
atoms gy1. The model scenario results in both
26Alr10 Be ratios and 10 Be concentrations that fall
well within the range of measurements presented by

Ž . Ž Ž ..Bierman et al. 1999 Fig. 2 B . Although the
burial–exposure history and erosion rates we have
chosen are somewhat arbitrary, the model nonethe-
less illustrates one of many plausible scenarios that
can account for the cosmogenic nuclide results of

Ž .Bierman et al. 1999 while remaining entirely com-
patible with the lacustrine 14C data. Moreover, our
analysis supports the basic interpretation that weath-
ering zones remain a useful criteria for demarcating
landscapes of different relative age and geomorphic
history.
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