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Figure 10. Hillshade image showing a zone of iceberg pits (P) in the terrain near Jutulhogget, as outlined by dotted line. The depressions
indicated in the terrain profiles are 1-3 m deep. Except for some very coarse boulder deposits, the ragged bedrock terrain closest to the canyon is
completely stripped of sediments.

Figure 11. Hillshade image showing chaotic, pitted terrain and groove and ridge-like features (arrowed) near Jutulhogget. The grooves and
ridges form a funnel-like pattern which we believe depicts the drainage pattern across the Jutulhogget massif. Boulder ridges on the stripped
bedrock zone align with the obstacle marks.
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than abrasion lines formed along the coast, which were
subject to continuous glacioisostatic uplift. Delicate
ice-push features seen on the shoreline platforms
support the presence of lake-ice within the basin and
our interpretation of its contribution in forming the
shorelines. The large number of beach ridges determine
ice-free periods and contest the idea of minor and
temporary ponding along an ice margin (cf., Reusch,
1917; Follestad, 1997) further, as the gravel berms require
open stretches of water in order to form as a result of
wave action.

An open lake is a prerequisite for icebergs to be pulled
toward and get stuck near the Jutulhogget canyon. As
the ice-dam broke, large icebergs were carried toward
Jutulhogget, which was the outlet for the glacial lake’s
largest sub-basin. Most of the icebergs were carried
through the canyon and farther downstream toward the
ice margin, but some stranded and subsequently created
pits and/or ice-block obstacle marks. The stripped
bedrock zones, ice-block obstacle marks and funnel-like
appearance of the landform record near Jutulhogget,
reinforces previous studies (e.g., Longva, 1994; Berthling
& Sollid, 1999) suggesting that a sudden drainage event
took place across the massif surrounding the canyon. Ice-
block obstacle marks have been regarded as diagnostic
indicators of jokulhlaups elsewhere and require high-
energy floods in order to form (Russell, 1993; Fay, 2002;
Russell et al., 2006; Burke et al., 2010). The features would
not have been present in the case of a more controlled
drainage event.
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Lastly, the outburst flood itself demonstrates the presence
of a large water body in the region. The landform record
seen south of the remnant ice sheet requires a very large
flood in order to form (Longva, 1994; Hogaas & Longva,
2016) and smaller lakes along the ice margin would not
have been able to sustain a sufficiently large amount of
water. Based on mapping of flood deposits and erosive
levels, Longva (1994) estimated that a water magazine
in excess of 75 km® was needed to recreate a sufficiently
large flood, and consequently noted that much of the c.
100 km’® large Nedre Glomsjo basin thus had to be an
open glacial lake.

The formation of open lakes occurred gradually. Most
studies have engaged a rigid approach as to whether the
large inland lakes existed or not and have thus failed
to communicate the dynamic and rapidly changing
nature of the late-glacial landscape in the region. The
ice sheet decayed rapidly at the time (Goehring et al.,
2008; Hughes et al.,, 2016) and all suggested scenarios
- from ‘closed’ basins filled with stagnant dead-ice to
open lakes — were plausible and likely as the region
became increasingly ice-free. Large esker systems reveal
that subglacial waterways transported large amounts of
material toward the ice margin prior to deglaciation of
the local and regional water divides (Sollid, 1964), while
‘hanging’ meltwater channels testify to lateral erosion
alongside a thinning ice sheet (Mannerfelt, 1945; Olsen et
al., 2013). Esker systems truncated by the Nedre Glomsjo
shoreline (Fig. 6), however, determine that this phase
occurred prior to the main glacial lake phase. At the time,
smaller lateral lakes developed along the ice margin and,
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Figure 12. Landform model representative for the ice-sheet recession in our study area.
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as the regional spillways emerged from the ice sheet,
increasingly larger proglacial lakes formed (Holmsen,
1915). When the ice sheet receded to the lower, deeper
parts of the Glomdalen valley, glacial lake Nedre Glomsje
formed beyond a calving ice margin retreating actively
southward. Large bodies of dead-ice probably resided in
the valley for a long time (e.g., Andersen, 1969). The lack
of signs of subaerial erosion near and at the enigmatic
spillway at Rugldalen may, for instance, be explained by
the presence of dead-ice, but the nature of the glacial
lake’s outlet is not fully understood.

Outlinin? relative deglaciation history using
traces of glacial lakes

In a sector where the ice sheet is terrestrially based,
relevant dating material is scarce and a lack of moraine
ridges hamper ice-sheet margin reconstruction, traces
of glacial lakes provide the best way of outlining the
relative deglaciation history (e.g., Jansson, 2003).
A comprehensive mapping of shoreline levels and
potentially corresponding De Geer moraines will yield
important information on late Weichselian ice-sheet
margin positions and narrowing of the ice-divide in the
large inland valleys. Seen in relation to striation marks
and glacial drift landforms, traces of glacial lakes may
also reveal the migration route of the late Weichselian
ice-divide. As demonstrated in this study, airborne
LiDAR data form an unprecedented basis for mapping
relevant landforms, and can, e.g., be further used for
linking ice margins to lower-lying, younger shoreline
levels (e.g., Berthling & Sollid, 1999) seen in the region.

Conclusions

o De Geer moraines indicate that a water-terminating,
calving ice sheet retreated actively southward through
the region rather than just melting vertically down.

o We suggest that the ice sheet retreated through our
study area in 60-180 years — or 600-200 m yr™'.

o The apparent relationship between De Geer moraines
and shoreline platforms shows that the retreat took
place in a large open water-body; glacial lake Nedre
Glomsje. Beach ridges mapped along the glacial lake’s
margin confirm the former presence of large stretches
of open water.

o Icebergs stranded and formed pits in the substrate
near the Jutulhogget canyon as the flood waters flowed
toward Rendalen. Ice-block obstacle marks close
to Jutulhogget form a funnel-like drainage pattern
directed towards the canyon, revealing a sudden
emptying of the lake rather than a controlled event.
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o A comprehensive mapping of shoreline levels and
corresponding De Geer moraines throughout the
region may reveal the nature of ice-sheet decay in the
large inland valleys.
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