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Sedimentation of fluted moraine
in forefields of glaciers
in Wedel Jarlsberg Land, Spitsbergen

ABSTRACT: Fluted ground moraine deposits in the forefield zones of the Blomli,
Scott and Renard glaciers were investigated. It was found that the fluted moraine crests,
especially the stone-rich ones, continue on the glacier front surface as cones or stony belts.
The linear ablation forms, partly filled by the supraglacial sediment, are the extensions
of the crests formed from the finer material. Thus, the opinion is expressed that the ribs
and furrows at the top surface of the ground moraine are the result of the supraglacial
material deposition and that they reflect the differentation of the ablation relief of the front
surface of the recessing glacier. Till now the fluted relief origin was joined exclusively with
the subglacial conditions and such forms were considered as the indicators of the glacier
movement direction.
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Introduction

The field studies were performed in June—August 1987 during the 2nd
Polar Expedition organized by the Maria Curie-Sklodowska University of
Lublin, Poland.

The forefield sediments of Blomli, Scott and Renard glaciers in the north-
western part of Wedel Jarlsberg Land in Spitsbergen (Fig. 1) were the object
of the author’s studies. Special attention was paid to the so-called fluted
ground moraine deposits and their relation to the supraglacial sedimentary
covers of the glaciers fronts.

The mentioned glaciers occupy three neighbouring valleys in the studied
area. The smallest western valley, partly occupied by Blomli Glacier, opens
to the north, to Bellsund Fjord. The other two valleys: the vaster one with
Scott Glacier and the largest one with Renard Glacier, open to NE, to
Recherche Fjord (Fig. 1). All the mentioned valleys have a distinct slope
asymmetry: steep western slopes with most intensive development of talus
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cones (Nitychoruk and Dzierzek 1988), and easier edstern slopes. The rock-
falls from the steep valley slopes submit in a significant degree the clastic
material on the glacier surface (Fig. 1). The valleys were cut in rocks of the
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Fig. 1. Location map of the investigated area (arrowed) in Spitsbergen; 1 — rock outcrops

of the Hecla Hoek Formation, 2 — outcrops of the Permian-Mesozoic rocks, 3 — moraines,

4 — sedimentation area of the gravel-sandy deposits, mainly sandurs and beaches, 5— moun-

tain ridges: H — Halvorsenfjellet, W — Wijkanderberget, B — Bohlinryggen, A — Activekam- '

men, O — Observatorfjellet, 6 — places of the intensive slope processes submitting the clastic
material on the glacier surface, RC Gl — Recherche Glacier

epimetamorphic Hecla Hoek Formation (Hjelle et al. 1969, Flood et al. 1971).
The following mountain ridges rise above this area, from the west to the
east: Halvorsenfjellet, Wijkanderberget, Bohlinryggen and Activekammen,
being the waters and ice divides.

The glaciers of the NW part of Wedel Jarlsberg Land have been retreating
since years, continuously enlarging their forefield areas.
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Field observations

Blomli Glacier

Glacier front zone. — The bilobate front of the Blomli Glacier occupies
presently a position in the valley bend. Thus the glacier front has an oblique
position with respect both to the valley and glacier axes (Pls 1, 2). The western
valley frame in the glacier front region is a steep, several-tens-meters high
~ wall of the Halvorsenfijellet massif (Pl. 2). Frequent rockfalls coming from

this wall deposit (Fig. 2) on the glacier surface in its near-front part appreciable
amounts of angular debris. The Blomli Glacier front of a concave-convex
surface has significant decline about 30—35°. Its surface in the higher part
is cut by ablation furrows, altering downwards into larger hollows filled with
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Fig. 2. Sketch map of the front zone and the forefield area of the Blomli Glacier:
Hf — escarpment of the Halvorsenfjellet, Wb — Wijkanderberget, rt —rock threshold,
1 — Hecla Hoek Formation, 2 — sandur deposits, 3 — morainic morphology outline -in the
forefield zone, 4 — glacier movement direction, 5 — crest elongation, 6 — slope material yields
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rock fragments (Pl. 3, Fig. 1), and finally into typical supraglacial debris
cones (Fig. 3A). Such situation makes reasonable the supposition that the
small linear ablation forms (Fig. 3B, a-b) visible in the upper part of the
glacier front, transform gradually down the glacier front in ablation depres-
sions of increasing dimensions (Fig. 3B, c-f).
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Fig. 3. Blockdiagram of a part of the Blomli Glacier front (A) and a sequence of the

parallel cross-sections (B) showing the glacier surface with the supraglacial deposits omitted:

1 — gravitational rolling of boulders down the glacier surface, 2 — distribution of clastic
material within the talus cones on the top surface of the glacier ice

During his field works the present author has observed twice the rockfalls
from the steep wall of Halvorsenfiellet. The rockfalls of the evaluated
volume of several cubic meters, crushed on the glacier surface to form
smaller boulders and debris. Part of this material rolled down to the glacier
foot. Another part. however. when rolling down, has met the proximal sides
of the above mentioned cones. building them upward the glacier front.

During the arctic summer small marginal streams flow along the foot
edge of the glacier in opposite directions and they supply in water small flood
water basins (Fig. 2. Pl. 2) with underground outflows (Merta 1988a). Main
outflow of proglacial waters from the Blomli Glacier takes place in the eastern
part of the glacier front, leaving the forefield zone out of the effective
glaciofluvial processes.
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Forefield zone. —- Forefield of the Blomli Glacier is an area of variable mor-
phology (Fig. 2) covered with boulders and debris. Some of the boulders
achieve the diameter over 2 m. This kind of material causes the morphologic
features of a lower range are not recognizable during the direct penetration
of the area. Only during the photogrammetric works (Ozimkowski and Merta
1988) on the phototheodolite images it was found, that the hills in the
Blomli Glacier forefield are covered with a sequence of collinear ribs and
furrows with the amplitude exceeding 1.0 m (Pl. 3, Figs 1, 2). Crest spacing
is irregular. Orientation of these forms. as determined from glacier surface,
is approximately parallel to the valley axis and independent of the surface
shape they occur on (Fig. 2). Locally this fluted relief become obliterated
in the zones of the zigzag channels, going generally across the crests (Pl 3,
Fig. 1). It is distinctly visible that above mentioned crests with boulders and
coarse debris continue to the glacier front and, in spite of small break caused
by a flow zone of the present-day marginal stream, they meet distinctly the
supraglacial debris cones bases, occurring on the glacier front ice (P1. 3. Fig. 1).
Possibly the mentioned transversal zigzag channels indicate the previous
glacier front positions and they were eroded by small marginal streams.

Undoubtedly the sedimentary cover with fluted relief in the Blomli Glacier
forefield zone is a sediment formed mainly on the expense of the eroded
wall of the Halvorsenfjellet massif. The sediment material formed originally
the supraglacial debris cones, which are deposited on the forefield as crests
during the succesive glacier recession.

Scott Glacier

Glacier front zone. — The Scott Glacier front is a smoothly sloping surface
of the decline of few degrees. Its marginal edge goes along a long-radius
curve across the valley, being over 1 km long in the front part (Fig. 4). Top ice
surface in the front zone is furrowed by linear ablation to form a system
of the trough-shaped forms and gutters of irregular spacing. These linear
forms run down the glacier perpendicularly to its front. Approaching the
glacier front, the described forms are filled in increasing degree by a supra-
glacial material with prevailing sandy and muddy fraction which remained
after the glacier ice melting.

The most marginal part of the glacier front is covered by a thin con-
tinuous cover of the supraglacial deposits without any relief of the top
surface. The border of this cover forms on the ice surface a “seismogram-
-like” line (Fig. 5A), what would suggest a continuation of the ablation
forms under the sediment (Fig. 5B). In the NW peripheral part of the glacier
front, the stone-rich supraglacial deposit is arranged in belts, which are
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slightly convex in the transversal cross-sections. The mean outflow of the
proglacial waters takes place in the external SE part of the glacier front.

Forefield zone. - The Scott Glacier forefield is an amphitheatre-shaped
depression bordered by frontal moraine. passing laterally in the lateral
moraine arches (Fig. 4). Frontal moraine sediments form an accumulative
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Fig. 4. Sketch map of the front zone and forefield area of the Scott Glacier: Wb — Wij-
kanderberget, Br — Bohlinryggen, fw — flood water basin, 1 — Hecla Hoek Formation,
2 — sandur deposits, 3 — surface of the raised marine terrace, 4 — morphological outline
of the moraine ridge, 5 —talus cones, 6 — fluted maraine area with the distinct relief,
crest elongation is bi-arrowed, 7 — area of the fluted moraine relic crests, crest elongation

is given by the dashed bi-arrow, 8 — direction of the glacier movement, I and II — cross-
-sections, see Fig. 6

superstructure of the rock threshold (Pgkala 1987). Approximately in its
central part, an erosional incision occurs, allowing the outflow of the pro-
glacial waters from Scott Glacier to the sandur of Calypsostranda, and
further to Recherche Fjord.

In the summertime a flood water basin occurs in the central part of the
forefield (Merta 1988b), swollen by the main proglacial river and sub-
ordinate streams. This basin continuously changes its extent due to the
“day-and night” changes of the water flow (cf. Bartoszewski 1988).

Fluted moraine. — The forefield area. except the fluvioglacial sedimentation
zone, is covered with the ground moraine deposits with a characteristic



Sedimentation of fluted moraine 9

A
) B
a

/ o b
e C

N d

Y ~ e

°f

Fig. 5. Blockdiagram of the Scott Glacier front (A) and a sequence of the parallel cross-
-sections (B) showing the ice surface ablation relief with the supraglacial deposits omitted

Fig. 6. Superimposed cross-sections through the forefield zone (I) and through the Scott

Glacier (II), for the cross-sections location — see Fig. 4: H — Hecla Hoek Formation of the

Wijkanderberget massif, Im — lateral moraine, tc — talus cone, fgm — fluted ground moraine,
af — ablation furrows on the ice surface, sr — stone ridges or belts on the ice surface

fluted relief of the top surface. Fluted moraine with distinct ribs and furrows
occurs only in the NW part of the forefield area. The ribs climb by a traverse
up the stoss side of the moraine ridge, maintaining continuously the same
direction approximately parallel to the valley axis (Fig. 4; Pl. 4: Fig. 2).
Morphometry and lithology of the mentioned ribs are variable. The external
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crests, up to 50--60 cm high, are formed essentially from the angular and
subangular boulders and debris, however, the crests closer to the axial zone
of the forefield become distinctly lower, and their material is significantly
finer (Fig. 6). The fluted moraine crests mentioned above approach the
marginal edge of the glacier front; the external boulder-and-debris bearing
crests extend on the front surface as the stone-rich belts, but the internal
crests formed from the finer sediment fractions join the supraglacial deposits
and on the glacier front surface they extinct as individual forms. Nevertheless,
the linear erosional ablation forms appearing in the upper part of the glacier
front, are presumably a continuation of such crests (Fig. 5). This direction
convergence of linear ablation relief of the ice front top surface and ground
moraine crests in the forefield zone is visible especially distinctly when one
observes the glacier front and its forefield from the lateral moraine (Pl. 4,
Fig. 1). In the SW part of the Scott Glacier forefield only the relic fluted
ground moraine is noted (Pl. 4, Fig. 1, see also Fig. 4).

It is worth noting that the Scott Glacier top surface in its upper part
is strongly enriched in the rocky material coming from the slope of the
Wijkanderberget massif (Fig. 1). This material is transported in the supra-
glacial position to the glacier front region. The earlier mentioned stone-rich
belts consist exactly of this material.

Renard Glacier

Glacier front zone. — This is the representative of the glacier type with the
gradually decreasing ice thickness; it causes the top surface decline of the
glacier front equal several degrees. The ice top surface shows a variable
ablation relief, where besides the common linear troughs, there occur also
sinusoidal channels ca 1.5 m wide and ca 1.0 m deep. Such larger forms
usually do not achieve the glacier front marginal zone but they end earlier
in the deep wells or fissures. Smaller ablation forms approaching the glacier
front marginal zone, become gradually filled in increasing degree by a supra-
glacial sediment that formed during the glacier ice melting. The most frontal
glacier zone, several tens meters wide, is covered continuously by supraglacial
deposits. The border of this cover on the ice surface forms a “seismogram-
-like” line, similarly as on the Scott Glacier.

The mean outflow of proglacial waters occurs as a large subglacial river
in the peripheral SE part of the glacier front, directly to Joseph Bay.
Smaller proglacial streams flow out from under the glacier in several points.
One of such stream. flowing out through a small glacier snout in the NW
part of the front, at a significant distance runs along the ice’ marginal
border as a proglacial marginal stream (Fig. 7).

Forefield zone. - The area in front of the Renard Glacier has several square
kilometers. It is generally flat, slightly inclined toward the Recherche Fjord,































































































