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Previous work has presented contrasting views of the last glaciation on Jameson Land, central East Greenland,
and still there is debate about whether the area was: (i) ice-free, (ii) covered with a local non-erosive ice cap(s), or
(iii) overridden by the Greenland Ice Sheet during the Last Glacial Maximum (LGM). Here, we use cosmogenic
exposure ages from erratics to reconcile these contrasting views. A total of 43 erratics resting on weathered sand-
stone and on sediment-covered surfaces were sampled from four areas on interior Jameson Land; they give '°Be
ages between 10.9 and 269.1 kyr. Eight erratics on weathered sandstone and till-covered surfaces cluster around
~70 kyr, whereas '°Be ages from erratics on glaciofluvial landforms are substantially younger and range between
10.9 and 47.2kyr. Deflation is thought to be an important process on the sediment-covered surfaces and the
youngest exposure ages are suggested to result from exhumation. The older (>70kyr) samples have discordant
26Al and '°Be data and are interpreted to have been deposited by the Greenland Ice Sheet several glacial cycles ago.
The younger exposure ages (< 70kyr) are interpreted to represent deposition by the ice sheet during the Late
Saalian and by an advance from the local Liverpool Land ice cap in the Early Weichselian. The exposure ages
younger than Saalian are explained by periods of shielding by non-erosive ice during the Weichselian glaciation.
Our work supports previous studies in that the Saalian Ice Sheet advance was the last to deposit thick sediment
sequences and western erratics on interior Jameson Land. However, instead of Jameson Land being ice-free
throughout the Weichselian, we document that local ice with limited erosion potential covered and shielded large
areas for substantial periods of the last glacial cycle.
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The Late Pleistocene glacial history of the Northeast
Greenland continental margin has been reconstructed
from decades of research (e.g. Washburn 1965; Lasca
1969; Funder 1972, 2004; Funder & Hjort 1973; Hjort
1979, 1981; Bjorck & Hjort 1984; Nam ez al. 1995;
Funder & Hansen 1996; Stein et al. 1996; Funder et al.
1998; Hansen et al. 1999). Much of the focus has been
on the fjord area of Scoresby Sund and the Jameson
Land Peninsula (Fig. 1), an area with an extensive
Quaternary sediment record in a presently ice-free part
of central East Greenland. Sugden (1974) described Ja-
meson Land as an area with little or no sign of glacial
erosion, mainly based on the highly weathered land-
scapes in the interior of the peninsula, and he proposed
that the area had been covered by non-erosive ice dur-
ing the Last Glacial Maximum (LGM). Funder (1989)
suggested that lack of evidence of glacial erosion might
rather be a result of long periods with ice-free condi-
tions. The view of a restricted Greenland Ice Sheet ad-
vance during the LGM was supported by results of the
Polar North Atlantic Margins (PONAM) project in the
early 1990s. Then stratigraphic evidence was presented
for deposition by the Greenland Ice Sheet on interior

Jameson Land during the Late Saalian in marine iso-
tope stage (MIS) 6 (Funder et al. 1994, 1998; Moller et
al. 1994). There is still debate, however, about whether
the Greenland Ice Sheet only reached the inner con-
tinental shelf, leaving extensive coastal land areas free
of ice (e.g. Funder 2004; Wilken & Mienert 2006), or
whether it reached all the way onto the outer shelf or
even to the shelf-break during the LGM (Evans et al.
2002; O Cofaigh et al. 2004).

In recent years, cosmogenic exposure dating methods
have provided new techniques by which to interpret
weathered landscapes differentially, and this has led to
a new understanding of Pleistocene ice sheets elsewhere
in the Arctic (Fabel et al. 2002; Stroeven et al. 2002;
Briner et al. 2003, 2005, 2006; Landvik et al. 2003;
Marquette et al. 2004; Davis et al. 2006; Harbour et al.
20006).

In the present study, we use cosmogenic exposure
dating from 43 erratics (43 '°Be ages and 5 *°Al ages) to
test whether the interior of Jameson Land was: (i) ice-
free, (ii) covered with a local non-erosive ice cap(s), or
(ii1) overridden by the Greenland Ice Sheet during the
LGM.
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Geological setting

Scoresby Sund (70-71°N, 22-28°W) is one of the major
fjord systems in East Greenland (Fig. 1). The coastal
areas beyond the present margin of the Greenland Ice
Sheet in the Scoresby Sund region are dominated by
three landscape types: (i) closest to the ice-sheet margin,
deep fjords are cut into ice-covered high mountain pla-
teaus of Caledonian crystalline bedrock, (ii) north of
Scoresby Sund, on the Jameson Land Peninsula, Meso-
zoic sandstones and shales make up low-relief ice-free
terrain, and (iii) south of Scoresby Sund, on the basaltic
Geikie plateau, and east of Jameson Land, on the Cale-
donian crystalline terrain of Liverpool Land, the land-
scape has an alpine relief from local glaciation (Fig. 1).
The Jameson Land Peninsula has an asymmetric topo-
graphic profile. From the plateau areas of interior Jame-
son Land the terrain slopes gently towards Scoresby Sund
in the west and south, whereas the eastern margin, facing
Hurry Fjord, has a steeper gradient (Fig. 1). The plateaus
form the watershed between east-draining rivers towards
Hurry Fjord and the many, and commonly large, river
valleys draining west and south towards Scoresby Sund.

Previous investigations

Two areas covered by Late Pleistocene glacigenic sedi-
ments have been described on Jameson Land; the ‘older
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drift’ and the ‘younger drift’ (Ronnert & Nyborg 1994).
The former has been mapped on the upland plateaus on
the interior of the peninsula (Moller et al. 1994), the
latter on low elevation areas bordering Scoresby Sund
(Ronnert & Nyborg 1994) (Fig. 1). Between these two
regions is the so-called ‘drift-less area’, where weath-
ered sandstone is exposed and glacial deposits only oc-
cur as scattered erratics and more rarely as thin patches
of till (Hjort & Salvigsen 1991; Ronnert & Nyborg 1994).

The ‘older drift’

Already in the early parts of the 20th century, glacial
and fluvial deposits were described on interior Jameson
Land by Otto Nordenskjold and referred to as the ‘Ja-
meson Land Drift” (Nordenskjold 1907). It was sug-
gested that these sediments were deposited during an
extensive glaciation, first named the Kap Mackenzie
stadial (Funder & Hjort 1973), later the Scoresby Sund
glaciation (Funder 1984), and regarded to be carly
Weichselian or older in age. This chronology was based
on the intense bedrock weathering of interfjord uplands
along the northeast Greenland coast, and infinite '*C
dates from raised marine deposits north of Jameson
Land were used to put minimum constraints on this
glaciation (Funder & Hjort 1973; Hjort 1981). The
‘Jameson Land Drift’, later referred to as the ‘older drift’
(Ronnert & Nyborg 1994), is found as a continuous sheet

Fig. 1. A. The Arctic and the location of
Greenland. B. Central East Greenland
~68-74°N. The continental shelf is marked as a
light grey area and cross-shelf troughs are
shown in darker grey. C. The Scoresby Sund
area and Jameson Land. Detailed site maps
(Figs 4, 5, 6) are marked with framed boxes. The
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on the Central Plateau at 450-500 m a.s.l. and on the J. P.
Koch plateau at altitudes >750m a.s.l. (Fig. 1). Erratics
on weathered mountain plateaus on northern Jameson
Land (e.g. Jacob Severin Bjerg) (Fig. 1) and dis-
continuous patches of till in the ‘drift-less’ area (e.g. the
Fynselv area) have also been correlated with the ‘older
drift’ (Moller et al. 1994).

Within the PONAM project, the stratigraphy of in-
terior Jameson Land was investigated in river valleys at
the edges of the Central Plateau (Moller et al. 1994).
Successions of proglacial sediments and subglacial till
were described and interpreted as having been de-
posited during two glacial advances in lakes dammed
between the western edge of the Central Plateau and the
margin of an advancing outlet glacier in Scoresby Sund.
It was also suggested that till was deposited by the ice
sheet successively overriding the plateau during the la-
ter of the two advances. Five thermoluminescence (TL)
ages constrain the deposition of till on the plateau to
between 222 and 167 kyr, which indicates that the ad-
vance took place during the Late Saalian (Moller et al.
1994). Investigations at the eastern margin of the Cen-
tral Plateau (Fig. 1) have shown that lakes were also
dammed by a glacier advancing onto the plateau from
Liverpool Land in the east during the Saalian (Moller
et al. 1994; Adrielsson & Alexanderson 2005). The
stratigraphy also reveals an ice advance from Liverpool
Land during the Weichselian constrained by optically
stimulated luminescence (OSL) ages from acolian sedi-
ment giving it a maximum age of 109 kyr (Adrielsson &
Alexanderson 2005).

The ‘younger drift’

Along the Scoresby Sund coast, the ‘younger drift’ ex-
tends to ~200 m a.s.l. (Fig. 1). Previous work has iden-
tified lacustrine and marine sediments and three thin
and discontinuous till layers interpreted as three differ-
ent advances of outlet glaciers in the Scoresby Sund
during the Weichselian, reaching no further than the
upper boundary of the ‘younger drift’. It was suggested
that the two oldest advances of outlet glaciers occurred
in the early Weichselian, during the Aucella and Jyl-
landselv stades (Landvik er al. 1994; Lysa & Landvik
1994; Tveranger et al. 1994; Funder ef al. 1998) (Fig. 2).
Hansen et al. (1999) interpreted part of the lacustrine
sediments of the ‘younger drift’ as having been de-
posited in ice-dammed lakes adjacent to an outlet gla-
cier advancing and retreating in Scoresby Sund during
the last glaciation. OSL ages of the glaciolacustrine se-
diments constrain this last ice advance in the Scoresby
Sund to between 60 and 10kyr (Flakkerhuk stade).
During the Late Weichselian, the northern margin of
the outlet glacier was thought to be related to the
Flakkerhuk ridge on southern Jameson Land (Fig. 1),
which is an erosional landform composed of pre-LGM
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Fig. 2. The late Quaternary succession of Jameson Land and its pro-
posed correlation with the European chronostratigraphy and the
marine oxygen isotope stratigraphy, according to Funder et al.
(1994). The correlation with the 8'%0 record from the Renland ice
core is also shown (Johnsen et al. 1992).

sediments (Tveranger et al. 1994). This would suggest
that ice reached <70 ma.s.l. near Hurry Fjord during
the LGM (Funder et al. 1998). The limited ice thickness
near the fjord mouth was used to argue that the LGM
ice terminated at the Kap Brewster submarine moraine
(Dowdeswell et al. 1994) (Fig. 1), leaving Jameson
Land above the ‘younger drift’ limit ice-free and the
adjacent continental shelf free of grounded ice (e.g.
Moller et al. 1994; Funder et al. 1998). An increased
sediment input to the shelf break outside Soresby Sund
between 19 000 and 15 000 BP (Stein et al. 1993; Nam
et al. 1995) was interpreted as the period when the ice
front was standing at the Kap Brewster moraine
(Dowdeswell ez al. 1994). The oldest '*C date from the
sediments in Scoresby Sund is 10 200 BP and suggests a
minimum age for the deglaciation of the outer fjord
(Marienfeld 1991).

Methods

Samples for cosmogenic '’Be and *°Al dating were col-
lected manually using hammer and chisel. Cobbles and
pebbles were collected from flat, well-drained surfaces,
and samples consist of either a single cobble or an
amalgamated sample of ~15 clasts of about the same
size (Table 1). Sample location and elevation were ob-
tained using a GPS (global positioning system) receiver.
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burial by non-erosive ice), the burial duration can be
constrained using the disequilibrium of '°Be and *°Al
concentrations (Lal 1991; Bierman ez al. 1999; Gosse &
Phillips 2001; Fabel et al. 2002; Briner et al. 2006; Har-
bour et al. 2006). In a continuously exposed surface
19Be and 2°Al will be produced at a constant ratio of
26A1/1Be = 6.75+0.09 (when using the revised '’Be
half-life) (Nishiizumi et al. 2007). If a surface is shielded
from cosmic radiation by non-erosive ice, then the fas-
ter decay of 2°Al (half-life of 700 kyr) relative to '°Be
(half-life of 1.36 Myr) will lead to a decrease in the
26A1/19Be ratio. Paired isotope data can thus constrain
exposure and burial durations.

Results

Jakob Severin plateau — the ‘drift-less area’

The Jacob Severin plateau (71°12'N, 23°29'W; Fig. 3A)
is a sandstone plateau at ~450 m a.s.l. situated less than
30km to the south from the mountainous Scoresby
Land with present cirque glaciation at ~1000ma.s.l.
(Fig. 1). This plateau is covered by thin regolith com-

Fig. 3. A. The Jacob Severin plateau at
~450ma.s.l. with Scoresby Sund in the
background. B. Wind-polished quartzite erratic
boulder on the Jacob Severin plateau (sample
CF-17). C. The Central Plateau with the
mountains of Liverpool Land in the background.
The picture is taken from the plateau north of the
Ugleelv valley. D. Section in glaciofluvial ridge
on the eastern Central Plateau, south of the
Ugleelv valley. The ridge is dominated by

sandy sediments and on the surface there is a
concentration of pebbles and cobbles. E. Esker
on the J. P. Koch plateau, site JPK 1. Samples
008 and 009 are taken from the flat-topped
mound seen in the background. F. Quartzite
erratic boulder on the J. P. Koch plateau (sample
006) at site JPK 2. G. Sandstone tors in the
Fynselv area. H. Crystalline erratic boulder on till
in the Fynselv area (sample 06-FE-60).
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posed of sand and flat, sandstone cobbles. Along the
plateau edges, weathered sandstone is exposed in small
outcrops. Quartzite erratics occur scattered across the
plateau and are suggested to be part of the ‘older drift’
(Moller et al. 1994).

Samples were taken from three wind-polished,
0.4-0.6m high quartzite boulders resting on regolith
(Fig. 3B) and two rounded quartzite cobbles perched on
weathered bedrock outcrops (Table 1). '°Be ages from
boulders range between 66.0+9.0 and 70.249.2 kyr.
Two of these samples (CF-17, 23) have °Al/'’Be ratios
(within one sigma error) equivalent to the production
ratio of 6.7540.09. The two cobbles gave '’Be ages of
54.549.7 and 72.7+7.6 kyr BP (Table 1). The '’Be age
of the youngest sample (CF-20) falls outside the two
sigma range of the average age for the four oldest erra-
tics. The average exposure age of the four oldest (+the
standard deviation of the mean) is 68.8+3.1 kyr.

The Central Plateau — the ‘older drift’

The Central Plateau (~70°N, 22°W; Figs 1, 3C, 4) is si-
tuated ~40km southeast of Jacob Severin Bjerg and
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Fig. 4. Map of the Central Plateau based on Moéller ef al. (1994) and Adrielsson & Alexanderson (2005), combined with field mapping in 2006.
Location of sampling sites and '°Be ages are shown in inserted boxes.

constitutes an extensive flat area at 400-550ma.s.l. most common boulder lithologies. Caledonian crystal-
This plateau is covered with thin sandy till (Moéller et al.  line erratics, which have source areas to the west and on
1994) with a high abundance of wide-based erratic Liverpool Land to the east, are also present on the pla-
boulders, most of which reach <0.2m above the till teau. At around 400 ma.s.l., the western and southern
surface. Quartzites with a western provenance are the parts of the plateau are incised by rivers discharging
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into Scoresby Sund. Below this elevation the ‘older
drift’ sediments become discontinuous with increased
relief of the landscape (Fig. 4).

Along the margin of the Central Plateau there are
several mounds and plateaus (up to 50m high) and
ridges (up to 10 m high) composed of unconsolidated
sediments (Fig. 4). Large mounds and plateaus are
found mostly along the western plateau margin and are
interpreted as erosional remnants of the glaciolacus-
trine sediments deposited during the Saalian glaciation
(Moller et al. 1994). Most of the considerably lower
ridges are concentrated to the eastern plateau around
the Ugleelv valley (Fig. 4). These landforms are com-
posed of sand and gravel with some cobble-sized clasts
and have been interpreted as glaciofluvial ridges de-
posited by an early Weichselian advance from the Li-
verpool Land ice cap into the valley (Adrielsson &
Alexanderson 2005). On the surfaces of these landforms
there is a concentration of cobble-sized crystalline er-
ratic material (Fig. 3D).

A total of eight samples were collected from boulders
on the till plain and from clasts on the surfaces of gla-
ciofluvial ridges around the Ugleelv valley (Fig. 4,
Table 1). Two samples (UE-2, 4) were taken from
0.3-0.5m high quartzite boulders on the western part of
the plateau and these give '’Be ages of 134.3417.0 and
183.8£23.8 kyr (Table 1). One sample, collected from a
0.6m high crystalline boulder on the eastern plateau
margin adjacent to the Ugleelv valley (UE-19), has a
10Be age of 36.1:£3.8 kyr. One cobble and four amalga-
mated clast samples were collected from the surfaces of
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three ridges along the Ugleelv valley (Fig. 4). The cob-
ble sample gives a '"Be age of 13.74+1.5kyr and clast
samples range between 30.04+2.9 and 41.1+3.8 kyr.

The J. P. Koch plateau — the ‘older drift’

J. P. Koch Fjeld is a basalt-capped mountain, reaching
909ma.s.l. South and east of the mountain, Jurassic
sandstone forms a flat plateau at 750-850 ma.s.1. (Fig.
5), covered by a thin till sheet and with weathered
sandstone outcrops exposed along the plateau edges.
Ridges and mounds are found near the plateau margin
at sites JPK1, 2 and 3 (Fig. 3E) and terrace systems oc-
cur along the edges and on the upper slopes of the
Harelv valley at site JPK4 (Fig. 5). The landforms are
composed of sand and coarse-grained sediments with a
maximum particle size of ~0.4m and clasts are pre-
dominantly quartzite and crystalline erratics (Moller
et al. 1994). There is a concentration of cobbles on the
surface of these landforms and more rarely erratic
boulders <0.6 m. Boulder-sized erratics are common
on the thin drift sheet covering the plateau. These
landforms were interpreted as eskers and kames
(Moller et al. 1994). Three TL ages from sites JPK1-3
range between 167 and 380 kyr (Fig. 5) and, based on
these ages and the content of western quartzite bould-
ers, it has been suggested that they were deposited by
the Greenland Ice Sheet during the Saalian glaciation
(Moller et al. 1994).

A total of seven samples were collected from bould-
ers resting on drift on the J. P. Koch plateau (Table 1,

JPK4 Ney -
TL: 174420 e 2 \ -~
JPK1 s e
008:29.447.3 A [
009:10.9+3.9 , /A [~
s / L~
JPK 2 . ( AT
004:47.2+7.3 PR ¢ — =% ' .-F | v
. + | 4 (
006:16.1£33 [ - Q\/f S
TL:167£15 ./ / - ,\:____,,
Plateau \'\_//-\\JJ AT ’ \‘“*j
001:33.24.9 A7 , S
002:46.3+7.3 - d I.*' \\
JPK 3 g v . 500
011:36.3:7.4 D e
N -
i P At S
- kma | i A B
- Distribution of ‘older drift’”  }  Glaciofluvial landforms
= o Hurry Fjord A summit of 1.P Koch Field at 909 masl.
Fig. 5. Map of the J. P. Koch plateau after
Moller et al. (1994) showing drift distribution JPK1 . . .
. - - . Site, sample 1D and Site and Thermeluminiscence
and location of glaciofluvial landforms. Our 008:29.4+7.3 (k) JPK4 (kyr, Mller et al. 1994)
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Fig. 5). Two samples are from quartzite boulders on the
surface of the glaciofluvial mound at site JPK1 (Fig.
3E), one of them from a 0.4 m high boulder resting on
the flat crest far away from the slopes (sample 009), the
other a 0.6m high boulder resting on a gently sloping
surface slightly below the crest (sample 008). Two sam-
ples were taken from 0.2 and 0.3m high quartzite
boulders (samples 004 and 006, respectively), resting on
a gently sloping surface just below the crest of the gla-
ciofluvial ridge at site JPK2. One crystalline boulder
was sampled from the crest of the glaciofluvial ridge at
site JPK3 (sample 011). Samples were also collected
from the till-covered plateau south of the summit of J.
P. Koch Fjeld, from one quartzite (sample 001) and one
crystalline boulder (sample 002).

The ages form two groups, one slightly younger than
the other, but both groups are substantially younger
than TL ages from sediment samples in this area (Fig.
5) (Méller et al. 1994). Samples 006 and 009 give '°Be
ages of 16.1+3.3 and 10.9+£3.9 kyr, whereas the re-
maining five samples range between 29.4+7.3 and
47.2+7.3kyr (Table 1).

The Fynselv area — the ‘drift-less area’

The Fynselv River has its source northwest of the J. P.
Koch plateau and discharges to the south into Scoresby
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Sund (Fig. 1). The upper and middle reaches of this
river flow through the ‘drift-less’ area, and it has
formed deep canyons surrounded by extensive inter-
fluves of exposed weathered sandstone between ~550
and 250 ma.s.l. The centre of interfluves is covered by
regolith. Along the edges of the canyon, tors-rich areas
are common (Fig. 3F), and in some areas systems of
meltwater channels follow fracture systems in the
sandstone (Schunke 1986; Hjort & Salvigsen 1991;
Hakansson 2008) (Fig. 6).

In the Fynselv area, drift cover is rare and occurs
only as patches of sandy till and single erratics, usually
on regolith-covered centres of interfluves but also on
weathered sandstone outcrops within tors areas. The
drift cover is dominated by rounded quartzite cobbles
and wind-polished quartzite boulders <0.6m high.
Large (up to 2m high) and angular crystalline erratics
occur scattered on till-covered surfaces (Fig. 3G).

Twenty-three samples were collected from boulders
and clasts resting on both till and weathered bedrock
(Table 1). Most samples (sample ID starting with 06—)
were taken from one area at the upper reaches of the
river (~70°38'N, 23°07'W) (Figs 1, 6). The remaining
samples were collected from areas further to the south,
downstream along the Fynselv River, and all are from
regolith-covered surfaces on the centre of interfluves.

In total, 14 samples from wind-polished quartzite er-
ratics, 0.1-0.6 m high, were collected from weathered
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Fig. 6. The tors area at the upper reaches of the Fynselv River (where samples with the prefix 06- were collected). The distribution of drift-cover
and tors-rich areas is shown. The locations of samples are marked with stars and '°Be ages (Table 1) are shown in framed boxes.
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bedrock surfaces or surfaces covered by regolith. Ac-
quired '°Be ages for these boulders are scattered be-
tween 79.24+7.5 and 269.1+28.4kyr. 2°Al has been
measured on three samples (FE-12, 13, 14), all with
26A1/'°Be ratios discordant to the production ratio of
6.75+0.09 (Table 1). Samples were also collected from
erratics on the thin patches of till along the upper
reaches of the river (Fig. 6); three clast samples (06FE-
31, 32, 61) give '"Be ages between 63.4+5.9 and
70.6+6.7 kyr, four samples from crystalline boulders
0.4-19m high range between 23.24+2.9 and
90.4+8.3 kyr and two quartzite boulders (06FE-30, 40)
0.4 and 0.5m give '"Be ages of 69.5+6.5 and
111.5£10.5kyr.

The larger part of the data set from the Fynselv area
shows a scattered distribution of '’Be ages that range
from 23.2+2.9 to 269.14+28.4kyr, but five samples
(06FE-30, 31, 32, 59, 61) form a cluster with an average
age of 68.8+3.1 kyr.

Summary of exposure ages

''Be exposure ages of erratics from interior Jameson
Land have been divided into two groups based on
whether sampled erratics were resting on weathered
sandstone (Fig. 7A) or on sediment (Fig. 7B). Erratics
on weathered sandstone surfaces in the Fynselv area
have ‘old’ exposure ages, with a scattered distribution
between ~80 and 270 kyr. However, there are also a few
‘old’ samples from sediment-covered surfaces (Fig. 7B);
two are from the Fynselv area (samples 06FE-40, 60)
and two from the till plain on the western Central Pla-
teau (samples UE-2, 4). The younger part of the data
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set, with '°Be exposure ages between ~11 and 71 kyr, is
distributed over both weathered sandstone and sedi-
ment-covered surfaces. The youngest erratics on
weathered sandstone surfaces are from the Jacob Se-
verin plateau and cluster around ~70 kyr, which is si-
milar to ages of erratics from till in the Fynselv area.
The exposure ages from both the J. P. Koch plateau
and the eastern Central Plateau are younger compared
to the rest of the data set (Fig. 7), but also considerably
younger than the age proposed by earlier work for gla-
ciofluvial landforms on these plateaus (Moller et al.
1994; Adrielsson & Alexanderson 2005) (Fig. 5). On
sediment-covered surfaces (till plains and glaciofluvial
landforms), samples cluster around the oldest ages, and
in this population a few young outliers are found (Fig.
7). In the present study, three samples give '°Be ex-
posure ages compatible with a LGM deglaciation. All
of these are from glaciofluvial landforms; one (sample
UE-9) is taken from a ridge on the Central Plateau de-
posited by an advance of the Liverpool Land ice cap
(Adrielsson & Alexanderson 2005) and two (samples
006 and 009) are from ridges on the J. P. Koch plateau
interpreted by earlier work to have been deposited by
the Greenland Ice Sheet (Moller et al. 1994).

Discussion

The majority of the ‘old’ erratics in the Fynselv area are
situated on sandstone surfaces adjacent to or on well-
developed tors. Discordant paired isotope data from
three of these erratics (samples FE-12, 13, 14) indicate a
complex exposure/burial history longer than ~200 kyr,
probably due to periods of shielding by ice with limited

A Erratics on weathered sandstone B Erratics on sediment covered surfaces
Fynselv area Jakob Severin Fynselv area J.P. Koch plateau the Central plateau
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Fig. 7. All '°Be ages on erratics from interior Jameson Land presented within two sigma error (Table 1). A, B. The distribution of '°Be ages
from erratics resting on weathered sandstone (A) and sediment-covered surfaces (B). Shading indicates the timing of the Saalian advance of the
Greenland Ice Sheet (Funder ez al. 1994). The dashed line marks the clustering of exposure ages around 70 kyr.
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erosion potential. This suggests that both erratics and
tors may have been preserved beneath ice with limited
erosion potential. The total exposure and burial dura-
tion of a sample can be estimated based on measured
26A1 and '°Be concentrations, assuming that the sam-
pled surface only experienced one single burial event
(Bierman et al. 1999). Consequently, paired isotope
data can only provide a minimum estimate of the ex-
posure/burial history. 2°Al and '’Be concentrations
presented here (from samples FE-12, 13, 14) indicate
that at least some ‘old’ erratics in the Fynselv area were
eroded from their source areas west of Jameson Land
~250-400 kyr ago (corresponding to MIS 8-12). Either
these erratics were originally deposited on Jameson
Land or they were entrained by a later advance of the
ice sheet and successively brought to their present
locations.

The younger part of the data set ('’Be exposure ages
between ~11 and 71 kyr) can be interpreted in at least
three ways, representing alternative scenarios for the
timing of the last ice-sheet advance onto interior Jame-
son Land. The three different scenarios suggest that the
last time Jameson Land was covered by the Greenland
Ice Sheet was during: (i) the Saalian glaciation, (ii) the
early Flakkerhuk stade (MIS 4), or (iii) the LGM.

(i) Previous work based on the stratigraphic record
on Jameson Land suggests that the last time material
was transported by the Greenland Ice Sheet onto the
interior of the peninsula was during the Saalian glacia-
tion (Moller et al. 1994). The exposure ages presented in
this study, however, are much younger than the Saalian
deglaciation (the transition between MIS 6 and Se
~130 kyr BP).

(i) In the stratigraphy of the ‘younger drift’ there is
evidence of an advance of an outlet glacier in Scoresby
Sund starting around ~70 kyr ago (Hansen et al. 1999),
which corresponds with the clustering of our exposure
ages around the same time.

(iii) Results from previous work based on exposure
dating have indeed indicated the presence of non-ero-
sive ice on interior Jameson Land during the LGM, but
it has not been possible to conclude whether or not this
ice was dynamically connected to the Greenland Ice
Sheet (Hakansson et al. 2007; Hakansson 2008). In the
present study, three samples give '’Be exposure ages
compatible with a LGM deglaciation.

The young samples mentioned in scenario (iii) are all
taken from the surfaces of glaciofluvial ridges. The ages
of the sampled landforms on the J. P. Koch and Central
plateaus have been independently constrained with TL
and OSL ages indicating deposition during the Saalian
and the Early Weichselian, respectively (Moller et al.
1994; Adrielsson & Alexanderson 2005). Recent in-
vestigations have suggested that, when using cosmo-
genic exposure dating on old (pre-LGM) landforms, it
is important to consider surface lowering processes
causing exhumation (Putkonen & O’Neil 2006; Briner
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2007; Kaplan et al. 2007). Cobbles and boulders on our
sampled glaciofluvial landforms have similar maximum
particle size and clast lithologies as the sediment found
within these features. The clast concentrations on the
surfaces of these landforms might thus be interpreted as
a result of exhumation rather than deposition by an ice
sheet during the LGM. This interpretation is further
supported by the contrast between young exposure ages
and much older TL and OSL ages of the landforms. In
line with this reasoning, we find that a LGM advance of
the Greenland Ice Sheet onto interior Jameson Land is
unlikely.

Marine cores from the shelf break outside Scoresby
Sund show lower sedimentation rates during MIS 4
compared to all other periods during the last glacial
cycle (Nam et al. 1995). Additionally, there are no in-
dications in the terrestrial stratigraphic record that the
advance described in scenario (ii) was extensive enough
to reach onto interior Jameson Land. These arguments
are used against a large-scale advance of the Greenland
Ice Sheet during MIS 4. Instead, we suggest that the
erratics were deposited during the Saalian glaciation
described in scenario (i). The exposure ages younger
than the Saalian deglaciation are interpreted as a result
of periods of shielding by non-erosive local ice cap(s)
during the Weichselian. It is possible to calculate the
thickness of ice required to inhibit production of '°Be
and ?°Al in a rock surface. For '’Be concentrations to
remain at or below the AMS detection limit (~20 000
atoms), ice would need to be at least 30m thick at
500ma.s.l. and at least 40 m at 800 m a.s.l. (calculated
using an ice density of 0.92gem ™ and the production
proportions of '’Be and 2°Al described in the methods
chapter). These thicknesses will inhibit spallogenic
production, but will allow some muogenic production
to take place in the glacial substrate. However, muo-
genic production rates are low (accounting for <5% of
the production of '°Be and *°Al) (Helsinger et al. 2002),
and to allow accumulation of significant '°Be and *°Al
concentrations, ice would have to remain at these
thicknesses for long intervals (throughout several gla-
cial cycles). Thus, muon production can be considered
negligible for the younger part of our data set ('°Be ex-
posure ages between ~11 and 71 kyr) and therefore ice
must have been at least 40 m thick on the J. P. Koch
plateau and at least 30m thick at 500 ma.s.l. in the
Fynselv area, on the Jacob Severin and Central pla-
teaus, to inhibit production of '°Be and 2°Al in the un-
derlying rock. In the glaciation model described below,
we use these ice thicknesses to calculate the duration of
periods of exposure and shielding by non-erosive local
ice cap(s) on interior Jameson Land during the last
~130kyr BP, that is since the Saalian deglaciation.
However, when ice thins below these thicknesses, pro-
duction will increase rapidly. Thus, the proposed ex-
posure durations presented below are only minimum
estimates.
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A glaciation model of the Late Pleistocene on
Jameson Land

Exposure and burial history of interior Jameson Land
during the past ~130 kyr

Based on the younger part of our data set (‘°Be ex-
posure ages between ~11 and 71 kyr), we suggest that
the Jacob Severin plateau and the Fynselv area were
exposed for a total of ~70kyr and completely shielded
by ice for ~60 kyr. The J. P. Koch plateau, situated on
elevations ~300 m higher compared to the other areas,
would have been exposed for ~50 kyr according to the
oldest exposure ages at this site and therefore covered
for ~80 kyr. These periods of shielding are too short to
be resolved by paired '°Be and 2°Al data and accord-
ingly samples from the Jacob Severin plateau (CF-17,
23) give 2°Al/'°Be ratios indicating ‘constant exposure’.
On the eastern Central Plateau the oldest samples sug-
gest a minimum exposure period of ~40 kyr. The dura-
tion of shielding, however, will depend on the timing of
the early Weichselian advance from the Liverpool Land
ice cap, which deposited the sampled landforms. This
advance is constrained by three OSL dates of aeolian
sediment (a maximum of 109 kyr and two minimum
ages of 27 and 10kyr) and is thought to have taken
place during the Early Weichselian, either in MIS 5d or
MIS 5b (Adrielsson & Alexanderson 2005).

Glaciological conditions

The Renland ice core indicates that during the MIS 5e
the snow accumulation rate in the Renland ice cap was
20% higher than at present (Johnsen et al. 1992) (Figs
1, 2). Such high accumulation during the transition
from interglacial to glacial climate would favour
growth of local ice caps on high-elevation regions such
as the two presently glaciated areas to the north and
east of Jameson Land (Fig. 1), the Scoresby Land
mountains (~1000 ma.s.l.) and Liverpool Land (high-
est peak is ~1400ma.s.l.), but also on the J. P. Koch
plateau (~800ma.s.l.). The Scoresby Land and Liver-
pool Land mountains were most likely glaciated
throughout the last glacial cycle. Out of the three accu-
mulation centres mentioned above, Liverpool Land is
most heavily glaciated at present and due to its coastal
location it would probably have received more pre-
cipitation all through the last glacial cycle compared to
the other areas. The J. P. Koch plateau is situated on
lower elevations compared to the other two areas and in
addition its location further away from the coast will
also result in less precipitation than on Liverpool Land.

Sequential model

Based on the '"Be and 2°Al exposure age data set in
combination with the stratigraphical record (e.g.
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Funder et al. 1994, 1998; Moller et al. 1994) and the
climate record from the Renland ice core (Fig. 2)
(Johnsen et al. 1992), a sequential model of Late Pleis-
tocene events in the Jameson Land area is proposed in
11 steps (Fig. 8A-K). The four investigated areas are
shown along an approximated transect from the Scor-
esby Land mountains in the NW to the Scoresby Sund
trough in the SE (Figs 1, 8).

A. Erratics with ‘old” exposure ages, as seen in the
Fynselv area and from the western Central Plateau,
were originally deposited on Jameson Land or adjacent
areas between ~250 and 400 kyr ago by the Greenland
Ice Sheet (Fig. 8A).

B. During the Saalian glaciation an advance of the
Greenland Ice Sheet deposited erratics on the Jacob
Severin plateau and in the Fynselv area. Also, some
pre-Saalian quartzite boulders (samples UE-2, 4; see
Table 1) were redeposited in the Saalian till on the
Central Plateau. This till was at least partly deposited
by active warm-based ice (Moller et al. 1994), whereas
tors in the Fynselv were preserved beneath ice with
limited erosional properties (Hakansson 2008) (Fig.
8B). The ice-sheet margin probably reached the con-
tinental shelf break at this time. During deglaciation,
glaciofluvial ridges were formed along the edges of the
J. P. Koch plateau (Moller et al. 1994). Meltwater in-
cised the Central Plateau and formed the Ugleelv valley
(Adrielsson & Alexanderson 2005).

C. The marine limit following the Saalian deglacia-
tion was ~70 ma.s.l. at the middle reaches of the fjord
(Landvik et al. 1994). Summer temperatures on Jame-
son Land were ~5°C warmer than at present during the
Langelandselv interglacial (MIS 5e, the Eemian) (Ben-
nike & Bocher 1994) and with ~20% more precipita-
tion (Johnsen et al. 1992). Possible exposure time for
surficial boulders during this ice-free interval was
~15kyr (Fig. 8C).

D. Either during the last part of the Langelandselv
interglacial or in the initial phase of the Weichselian
glacial cycle, in the Aucella stade (MIS 5d), high pre-
cipitation and cooling temperatures led to growth of
local ice caps on major accumulation centres such as
the Scoresby Land mountains, Liverpool Land and the
J. P. Koch plateau (Fig. 8D). Temperatures were
5-10°C colder than present (Funder er al. 1998). A
westward advance from the Liverpool Land ice cap
might have reached into the Ugleelv valley. At around
the same time, an outlet glacier from the Greenland Ice
Sheet expanded in the Scoresby Sund trough and de-
posited a till as part of the ‘younger drift’ along the Ja-
meson Land coast (Funder ez al. 1998) (Fig. 1). The
Jacob Severin plateau and the Fynselv area remained
ice-free throughout this period lasting for ~10 kyr.

E. During the Huginsg interstade (MIS 5c), the pre-
cipitation was ~30% of the present (Johnsen et al. 1992)
and maximum summer temperatures nearly reached pre-
sent values (Funder et al. 1998). Hence the local ice cap
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on the J. P. Koch plateau melted away and ice centred on
the Scoresby Land mountains and on Liverpool Land
retreated, resulting in ice-free conditions on interior Ja-
meson Land. The exposure periods on the Jacob Severin
plateau and in Fynselv probably lasted ~15kyr and
slightly less on the J. P. Koch plateau (Fig. 8E).

F. Temperatures dropped during the Jyllandselv
stade (MIS 5b) to 5-10°C colder than present, but pre-

A Nw Jacob Severin
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cipitation was still ~30% of the present. Again, local
ice started to build up over the J. P. Koch plateau, but
this time it also covered the Fynselv area (Fig. 8F). Ice
on the accumulation centre in the Scoresby Land
mountains expanded to the Jacob Severin plateau. At
all three sites, ice must have been non-erosive to allow
the preservation of delicate landforms (glaciofluvial
ridges, tors and weathering mantles). At around the
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same time there was an active westward advance of a
glacier from Liverpool Land, this time depositing till in
the Ugleelv valley and glaciofluvial landforms on the
edge of the Central Plateau adjacent to this valley
(Adrielsson & Alexanderson 2005). An outlet glacier
advanced in the Scoresby Sund trough and deposited
till within the ‘younger drift’ zone (Funder et al.
1998).

G. Once again, maximum summer temperatures
nearly reached present values during the Mgnselv in-
terstade (MIS 5a), but the precipitations stayed un-
changed. This period lasted slightly longer than MIS 5¢
(Fig. 2; Johnsen et al. 1992). Local ice on interior
Jameson Land melted away, resulting in an ice-free
period of around 15kyr in all areas except the
J. P. Koch plateau, where ice lingered slightly longer,
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resulting in ~10 kyr of exposure (Fig. 8G). Also during
this period, strong winds might have eroded drift sur-
faces.

H. During the early Flakkerhuk stade (MIS 4) the
climate got 10-20°C colder than present (Funder et al.
1998) and drier with only 22% of the present precipita-
tion (Johnsen et al. 1992). This prolonged cold period
led to slow accumulation of local ice over all plateaus,
eventually coalescing into a thin, probably non-erosive,
ice capping interior Jameson Land. Again, an outlet
glacier advanced in the Scoresby Sund trough. Deltaic
sediments were deposited in glacial lakes in marginal
positions to the Scoresby Sund-based outlet glacier,
and palaeoflow directions were from Scoresby Sund but
also from interior Jameson Land (Hansen et al. 1999),
probably caused by surface melt of the local ice cap
during summers (Fig. 8H).

1. During the mid-Flakkerhuk stade (MIS 3), tem-
peratures got slightly warmer compared to MIS 4, but
the precipitation was unchanged (Johnsen et al. 1992).
This resulted in ice starvation and melting/evaporation
on the Central Plateau. An ice-free period lasting
for ~10kyr followed, when strong winds from the
south formed deflation surfaces on the drift and accu-
mulated sand dunes in the upper Ugleelv valley
(Adrielsson & Alexanderson 2005) (Fig. 81). In con-
trast, ice could linger on the J. P. Koch plateau and in
the Fynselv area, where some precipitation was brought
by the southerly winds. The ice cover on the Jacob Se-
verin plateau also persisted through this period because
of its proximity to the Scoresby Land mountains. Prior
to the LGM, ice probably accumulated again on the
Central Plateau.

J. During the LGM, the local ice cap(s) coalesced
with active ice in the Scoresby Sund trough (Fig. 8J).
The probably non-erosive ice capping interior Jameson
Land buttressed active ice in the fjord trough, allowing
it to reach at least 250 m above the present sea level at
the mouth of the Scoresby Sund fjord (Hékansson et al.
2007). At this time the ice margin probably reached a
considerable distance onto the continental shelf. Ice on
the tors area along the Fynselv River started to melt at
the earliest around ~17 kyr ago (Hakansson 2008). The
upper part of the Kap Brewster peninsula was degla-
ciated between 15 and 17kyr BP (Hakansson et al.
2007), and the ice had totally left the outer fjord area
before 10.2 kyr BP (Marienfeld 1991).

K. Following the deglaciation of interior Jameson
Land the youngest erratics were gradually exhumed
and exposed on the drift-covered plateaus. The total
postglacial exposure time of interior Jameson Land
until the present is suggested to have been about 15 kyr.
When adding the duration of all ice-free periods in the
presented model, the total exposure of the Jacob Se-
verin plateau and Fynselv is ~70 kyr, on the J. P. Koch
plateau ~50kyr and on the Central Plateau ~40kyr
(Fig. 7K).
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Conclusions

Our '"Be and ?°Al exposure ages of erratics from four
areas on interior Jameson Land can be divided into
three groups: (i) ‘old’ erratics with total exposure and
burial histories of ~250—400 kyr, estimated from dis-
cordant '°Be and %Al data, (ii) '°Be ages of erratics on
weathered bedrock and till-covered surfaces clustering
around ~70kyr, and (iii) exposure ages from erratics
on glaciofluvial ridges and till-covered plateaus ranging
between 10.9 and 47.2kyr. The ‘old’ exposure ages are
interpreted to represent erratics deposited by the
Greenland Ice Sheet several glacial cycles ago. Erratics
with exposure ages < 70kyr are suggested to originate
from an ice-sheet advance during the Saalian glaciation
and an advance by the local Liverpool Land ice cap
during the Early Weichselian. The fact that the appar-
ent exposure ages are younger than both the Saalian
and the Early Weichselian is explained by the erratics,
following deposition, being shielded from cosmic ra-
diation during periods when substantial areas on Ja-
meson Land were covered by non-erosive ice. The
LGM/Lateglacial exposure ages from the top surfaces
of glaciofluvial ridges are interpreted as results of ex-
humation; we suggest that the Greenland Ice Sheet did
not cover Jameson Land during the LGM. Instead, we
believe that, during this time and also during sub-
stantial periods of the last (Weichselian) glacial cycle,
the area was covered by local ice cap(s) with limited
erosion potential.
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