
Ragnar glacier is localated in central Spitsbergen,
in the area of the north part of Billefjorden –
Petuniabukta (fig. 1 & 2). Marginal zone of studied
glacier consists from four morphogenetical zones
(fig. 3):

1) Outer ice-cored moraine ridge (fig. 3 – A) – It
has arcuate shape, length about 1,2 km and relative
height about 30 m (fig. 4A). Its width in the central
part is about 130 m, decreasing to 80 m in the wings.
It was probably shaped during Last Glacial Maxi-
mum. The outer ice-cored moraine is built from
lithofacies of coarse- to medium-grained, angular
gravel (fig. 4B).

2) Inner ice-cored moraine ridges (fig. 3 – B) –
This zone is stretched between outer moraine ridge
and proglacial lake and is about 250 m width. It is
comprised of four chains of hillocks probably with
ice-cores (fig. 4C). Between them there are ket-
tle-holes remnants after decay of dead-ice blocks,
some of them are filled with water (fig. 5A). The lon -
ger axis of hillocks and kettle-holes imitate the shape
of the outer ice-cored moraine ridge (fig. 5B). Hill -
ocks are built usually from fine-grained, rounded
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gravel and sand. Lithofacies of silt and sand occur in
the holes.

3) Distal zone of proglacial lake (fig.3 – C) – one
of the most characteristic features of this zone are
small islands (fig. 6A). They are the upper parts of
ice-cored ridges situated 1–3 m above water level.
They are built from fine-grained gravel and sand,
usually massive or horizontal bedded. Some of the is-
lands have inner water basins, created after melt-

down of dead-ice blocks. Here, lithofacies of sand
and silt are dominant (fig. 6B & 6C)

4) Proximal zone of proglacial lake (fig. 3 – D) –
this zone has a direct contact with ice-margin. There
are no landforms above water level except for one is-
land built completely from ice with very thin (3–5
cm) debris cover.

Interpretation

Connection between shape, orientation and li -
thology of ice-cored moraines and rate of Ragnar
glacier recession (fig. 7):

A – outer ice-cored moraine ridge was formed
during the equilibrium state of ice-front at the maxi -
mum extent (MEL). Majority of debris were deliv -

ered by supraglacial transport so it is coarse-grained
and angular. During relatively long time of ice-front
stay a large amount of debris were delivered so the
large-size ice-cores could be preserved.

B – after long period of ice-front stays Ragnar
glacier started to retreat. At first, recession was rela -
tively slow and interrupted by short-term stays. The
chains of hillocks in the inner zone of ice-cored mo -
raine are interpreted as a record of this short-time
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Fig. 3. Morphogenetic zones (A-D) on the Ragnar glacier
forefield

Fig. 4. A – Outer (oldest) ice-cored moraine; B – Exposure of ice cored, Outer ice-cored moraine; C – Zone of inner
ice-cored moraines



events. Quantity of debris was sufficient to preserve
only some of the ice-blocks, the rest melted and the
kettle-holes were created, still followed, however the
shape of the ice-margin.

C – further increase of recession rate had two
consequences. The first one was larger amount of
meltwater and formation of proglacial lake. The sec -
ond one was increasing quantity of debris
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Fig. 5. A – Joined kettle-holes, zone of inner ice-cored mo-
raines;  B – Zone of inner ice-cored moraines

Fig. 7. Morphogenetic zones and rate of recession of Ragnar glacier

Fig. 6. A – Distal zone of proglacial lake; B – Lithofacies of
horizontally laminated sand, distal zone of proglacial
lake; C – Lithofacies of sands and gravels in distal zone
of proglacial lake



depositioned at ice margin and consequently poorer
conditions for creation and preservation of ice-cores.
Only isolated ice-blocks survived and formed charac-
teristic island with inner water basins.

D – During the last 20–30 years rate of recession
was very high, so depositional effectiveness of glacier
was very low. Debris delivered contemporary to
ice-margin is immediately removed by meltwater so
there is no possibility of any accumulation on ice sur -
face.
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