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Abstract
Kongsfjordhallet is situated at  79° N on the North coast  of Kongsfjorden, Spitsbergen. 
The landscape shows a large diversity of landforms and sediments and the aim of this 
study has been to investigate the spatial distribution and temporal differences between 
these landforms.

The most prominent landform is interpreted as a lateral moraine dividing the area from 
southeast to northwest. This is probably a sign of a standstill during the deglaciation of 
an ice-sheet glacier tongue filling the fjord. The valley-glaciers at  Kongsfjordhallet have 
advanced after this event and left end moraines on top of the lateral moraine. Large 
amounts of meltwater have eroded parts of the Kongsfjordhallet, creating several fossil 
meltwater channels that dissect the landscape. Erratic boulders of mainly gneiss type are 
scattered all over the landscape, as high up as 500 m a.s.l. In addition to the erratic 
boulders, a lot  of allochthonous material is found incorporated in local material, 
especially as a diamict interpreted as till that covers large parts of Kongsfjordhallet. 

The till can likely be correlated to one of the diamict units in the cliff sections at the 
Kongsfjordhallet coast. At present, two large ravines drain the area, moving water from 
the glaciers to the ocean and a beach is developing in the Southeast part of the area due 
to ocean transgression. Landforms from two glacial events are found, one regional and 
one local. An episode of high sea-level as well as fluvial and mass-wasting activity  after 
the deglaciation is also recorded. The formation of the landforms in the area is believed 
to be after the Last  Glacial Maximum and into the Holocene, but no absolute dates are 
available.
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1. Introduction
The fieldwork in this study was 
carried out in the coastal and 
mountainous areas in the 
vicinity  of Kongsfjordhallet, the 
North coast of Kongsfjorden, 
Spitsbergen, Svalbard (Fig. 1). 
The Svalbard archipelago was 
glaciated during the last  glacial 
cycle although the extent and 
chronology  is not completely 
understood. Recent papers how-
ever propose an extensive ice-
s h e e t c o v e r i n g S v a l b a r d 
(Landvik et al. 2005).

The study will try to answer 
questions about the spatial and 
temporal differences between 
the landforms at Kongsfjord-
hallet, the processes currently 
creating landforms and if the 
lithological characteristics of the 
deposits are local or regional. 
The main purpose is to investi-
gate and map the area empha-
sizing the geomorphology and the differences in relative age. With the collected data I 
will try  to explain the processes, landforms and their relative temporal spread and 
development. The information collected during this study  could be useful as a recent 
analogue to the underlying Quaternary sediments in the area. 

This work has been part  of a larger project, SciencePub (http://www.ngu.no/
sciencepub), which aims to reconstruct environmental change in the Arctic during the 
last 130.000 years. My part within SciencePub has been to map the geomorphology of 
Kongsfjordhallet with a twofold purpose:

• Establish a relative chronology  for landforms and sediments, some of which will be 
absolutely dated later. 

• Identify past and present land-forming processes to help understand the evolution of 
the landscape and its relation to glacial events and sea-level change.

Figure 1. Map showing Kongsfjordhallet (UTM/WGS84). 
Overview-map in the corner (Lat/Long). Red point shows the 
location of Kongsfjordhallet. Coastlines on the overview-map 
from the Global Self-consistent, Hierarchical, High-resolution 
Shoreline Database (GSHSS, 2008). Topographical map 
digitized from NP, A6 (Norsk Polarinstitutt, 1987).
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2. General Geology and Previous Work
Along the North coast of 
Kongsfjorden, Spitsbergen, 
there is a 1-2 km wide and 6-7 
km long raised terrace. The 
coastal area is made up by 35 
meter high cliffs in eroded 
sediments, a terrace then contin-
ues inland until the foot of the 
mountain at an altitude of 120 m 
a.s.l. 

The whole area is a compound 
of Quaternary sediments lying 
on top of a heavily meta-
morphosed Late Precambrian 
bedrock, the Hecla Hoek Form-
ation (Hjelle & Lauritzen 1982). 
The local bedrock at Kongs-
fjordhallet consists of two 
general types: pelitic rock and 
marble. 

Pelitic rock is a metamor-phosed fine-grained shale or mudstone while marble is a 
metamorphic rock composed predominantly of calcite or dolomite. The protolith is 
typically limestone or dolostone (Winter, 2001). Both types belong to the Lower Hecla 
Hoek formations (Hjelle & Lauritzen 1982). 

The boundary between the two main rock-types runs north from the southeastern part of 
Kongsfjordhallet (Fig. 2). Because of a major anticline of NNW-SSE direction in the 
northern Kongsfjorden area (Hjelle & Lauritzen 1982) the marble is also visible on the 
SE face of Kappfjället. The samples were determined in the field at several places in the 
area (Fig. 2), often on partly weathered stones making rock-types hard to distinguish.

Local sediments mainly consist of glaciomarine and glacial diamicts, glaciofluvially 
deposited sand and gravel, beach sediments and different kinds of mass wasting 
material (Houmark-Nielsen & Funder 1999). In the area there are several landforms, for 
example moraines, showing the glacial characteristics in the area (Lehman & Forman 
1992). Mangerud et al. (1998) believe that three large glaciations have covered the area 
and reached the continental shelf edge during Early-, Middle- and Late-Weichselian. In 
the sediment sequence at least three diamictons are found. The oldest of these is an at 
least 10 m thick red to black, dark-banded, matrix supported diamicton (Houmark-
Nielsen & Funder, 1999). The second diamicton could according to Houmark-Nielsen 
and Funder (1999) consist  of boulder-sized clasts of crystalline rocks in shell-bearing 
sand to gravel and reddish muddy matrix. The youngest described diamicton is matrix 
supported, reddish to grey, with striated clasts and boulders of non-local bedrock. 

Figure 2. Map showing the bedrock at Kongsfjordhallet and 
points show observations in the field. Map digitized from NP, 
A6 (Norsk Polarinstitutt, 1987) (UTM/ED50).
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Landvik et al. (2005) propose that ice-streams drained the glaciers on Svalbard through 
the fjord-systems, including the Kongsfjorden, and that the ice between these fast-
moving areas was less active and preserved parts of the landscape.

3. Methods
3.1 Remote sensing
Aerial Infrared photographs, NP S90-6768, NP S90-6769 and NP S90-6770 (Norsk 
Polarinstitutt, 1990), were interpreted with stereoscope and the computer software 
StereoPhoto Maker 3.23. I digitized the 1:50000 topographic map  covering 
Kongsfjordhallet (A6, Norsk Polarinstitutt, 1987) with ESRI ArcGIS 9.2 and the aerial 
photo was rectified using ArcGIS with calibration-points taken from the digitized map 
and from the field using GPS. The digitized topographic map has the ED50-datum 
(European Datum 1950). Several rectifications, with more than 10 calibration-points, of 
small parts from the map using the spline interpolation function in ArcGIS were carried 
out to get the best fit of the aerial photo in a specific area. The landscape was 
interpreted from the aerial photographs and then digitized in ArcGIS. 

3.2 Field methods
Field work was carried out using classical geomorphological techniques with a Silva 
Ranger Type 15 compass (360 degrees), a Suunto PM-5 clinometer, Garmin GPS60 
GPS, barometer/altimeter and a spade. All directions were measured with a compass in 
the field. I measured the altitude-profiles with GPS and clinometer. Start  and stop points 
were measured with the GPS. By nivellation between these points, with a clinometer, it 
is possible to create an altitude profile. The start  altitude was either measured by 
nivellating from the mean water stand with a clinometer or by an altimeter. If the 
altimeter was used a manual barometric compensation was performed by noting the air 
pressure before and after the actual measurements, and then compensating for changes 
in air pressure. For positioning the GPS was used with the function of EGNOS (Euro 
Geostationary Navigation Overlay Service) that uses ground reference stations to 
control the satellites and send corrections to the GPS-unit to get higher accuracy. I dug 
into the sediments with a spade and the actual classification of the sediments was made 
at a depth of 50 cm.

3.3 Mapping
A preliminary interpretation of the landscape was made in ArcGIS. Field-measurements 
were geo-referenced using a GPS and imported into the GIS. The waypoints were 
converted from UTM-coordinates and WGS84-datum to UTM-coordinates and ED50-
datum in GPSUtility 4.88 and exported to ArcGIS. The geo-referenced revised 
interpretations were then used to correct the earlier map and produce a complete 
geomorphological map over the area (Fig. 3a-b).

The development and relative chronology of landforms at Kongsfjordhallet, Spitsbergen
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4. Sediments and Landforms
As a result of this work a map has been created (Fig 3a-b). The map shows the 
landforms and sediments discussed below in section 4.1 to 4.4.

Figure 3a. Legend explaining the map (fig. 3b) and an overview map showing the position of 
Kongsfjordhallet on Svalbard.
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Figure 3b. Geomorphology and sediments at Kongsfjordhallet, Spitsbergen. Legend in fig. 3a.
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4.1 Glacial Landforms and
Sediments
4.1.1 Lateral Moraines
Large parts of the Kongsfjord-
hallet area are covered with a 
diamict material with occasional 
gneiss and schist erratics. The 
landscape is undulating with a 
series of NW-SE elongated 
landforms (Fig. 4), spatially 
distributed from ESE to NNW, 
that are visible in the field (Fig. 
5). These landforms are heavily 
deformed by fluvial processes, 
permafrost processes and soli-
fluction. In the eastern part of 
the landform complex there are 
two well-defined ridges. These 
ridges are situated around 250 m 
a.s.l., and rise about 100 meters 
above the surrounding terrain. In 
the southern ridge bedrock is 
visible high up in the eastern part, in 
the western and middle part bedrock 
is visible only in the two ravines 
continuing to the shoreline. 

As this landform complex crosses the 
two major ravines towards the NW its 
surface becomes hummocky and the 
obvious ridges disappear. The small 
ridges and hollows continue until they 
become covered by beach sediments 

Figure 4. Map showing the extent of the most prominent ridges 
of the lateral moraine complex. Extracted from 
Geomorphological Map, section 10.1. Topographical map 
digitized from NP, A6 (Norsk Polarinstitutt, 1987) (UTM/
ED50).

Figure 5. One of the ridges in the hummocky diamict 
terrain, with a steeper north side than south side. View 
towards the SE. Dot in map shows position and 
direction of photography.

Figure 6. The elongated hummocky terrain is covered by beach sediments, the boulders in the middle of 
the picture being the outer part of the hummocky surface. Arrows show some of the more prominent 
boulders. Dot in map shows position and direction of photography.
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in the NW part (Fig. 6). In the northwestern area small rivers follow the ridges, creating 
ponds of water at several places because water cannot drain through the permafrost. The 
area also has traces of dead ice melt-out. Large parts of the area have a zone of gneiss-
erratics following the distribution of the elongated hummocky terrain. 
 
The landform is interpreted to be a lateral moraine as described by Benn & Evans 
(1998), see the geomorphological map (Fig. 3a-b). This lateral moraine stretching sub-
parallel to the coast is easily visible from aerial photographs and in the terrain. The 
northwestern part of the moraine is reworked and only  small ridges of the original 
lateral moraine are visible except for the large accumulations in the eastern part  where a 
lot of material has been deposited. The large amount of sediment is common for a 
lateral moraine because of the often more stationary lateral margins than the frontal 
(Boulton & Eyles, 1979). The large accumulations in the eastern part  are probably due 
to deposition behind a bedrock obstacle, which created a low-energy area in the lee side 
of the ice direction (Benn & Evans, 1998). In places, a characteristic moraine shape is 
preserved, showing a steep distal part and a gentle proximal part (Fig. 5). The zone of 
lateral moraines contains several parallel ridges probably because of fluctuations in the 
glacier margin as described by Boulton and Eyles (1979). The lateral moraine gets more 
disturbed towards the Northeast and turns into more of a lateral terrace, as described by 
Fredin and Hättestrand (2002), with some elongated hummocky terrain although with 
several ridges following the general direction of the lateral moraine.

4.1.2 End Moraines
Distal to the present glacier of 
Ollsonbreen and in the parallel 
valley in the Northwest there are 
ridge-like landforms (Fig. 7). 
These landforms have a different 
lithology from the surrounding 
areas: they are darker and have a 
higher percentage of locally 
derived rocks such as pelitic 
rocks and marbles than the 
surroundings. The largest ridge 
leaves the Ollsonbreen Valley 
with a direction of 190 degrees 
and continues for 250 m at the 
eastern part of the valley-
opening (Fig. 8). The formation 
then turns northwest, tracing a 
lobate structure. The ridges 
continue and meet an indistinct 
ridge coming from the North-
western valley side. The material 
in the ridges has the same 
lithology as the sediments and 

Figure 7. Map showing the fossil and present end moraines of 
the Ollsonbreen glacier. Extracted from Geomorphological 
Map, section 10.1. Topographical map digitized from NP, A6 
(Norsk Polarinstitutt, 1987) (UTM/ED50).
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bedrock in the direction of 
the valley-glacier. 

The ridges are interpreted as 
end moraines, as described 
by Sugden and John (1977), 
from a former advance of 
the valley glaciers (see the 
geomorphological map, Fig. 
3a-b). The present end 
moraine at the Ollsonbreen 
glacier covers a large area 
and the main part contains 
significant amounts of ice, and is thus interpreted as an ice-cored moraine (Östrem, 
1963). The meltwater from the Ollsonbreen glacier cuts through the end moraine and 
makes part of the ice-core visible in the field

4.1.3 Till
Large areas of Kongsfjordhallet  are 
covered with a diamict material 
heavily  reworked by permafrost 
processes. The diamict material is 
present from 35 m a.s.l. close to the 
coast to over 500 m a.s.l at the flat 
areas on top of the Knölen Mountain. 
Erratics of mainly  gneiss type bedrock 
is found throughout the area, from the 
coast to altitudes around 500 m. a.s.l. 
(Fig. 3a-b)

Parallel to the coast there is a ridge-
shaped landform, running parallel to 
the beach sediments from the western 
part of Tönsneset until it is obscured 
3.5 km to the Northwest. In the 
transition zone between the beach 
sediments and the ridge, diamict 
material is flowing over the beach 
sediments because of solifluction 
(Fig. 9). At the ridge crest  there are 
several erratics of gneiss type rocks 
(Fig. 10). The NE slope of the ridge 
has the shape of a barrier surrounding 
a large depression which continues all 
the way to the foot of the mountains 

Figure 8. Fossil end moraine connected to the valley of the 
Ollsonbreen glacier.  Dot in map shows position and direction of 
photography.

Figure 9. Solifluction of diamict sediments creating 
lobes above the beach sediments. Dot in map shows 
position and direction of photography.

Figure 10. Several erratics in the diamict sediment 
surface. Dot in map shows position and direction of 
photography.

Gustaf Peterson

12



in the Northeast. The difference in 
altitude between the depression and 
the top  of the ridge is several meters 
and makes the ridge easily  visible in 
the field.

The diamict sediments have a matrix 
of sandy silt or red silt, easily visible 
in the center of the sorted polygons 
covering parts of the area (Fig. 11). 
The silty  matrix is not of local origin 
but rather derives from Devonian 
sandstone, present further east (Hjelle 
& Lauritzen 1982).
 
The characteristics of the diamicton, especially its foreign lithology and the large 
amount of erratics, suggest glacial transport thus making it probable to interpret as till 
using the classification described by Goldthwait (1971) (Fig. 3a-b).

4.1.4 Fossil Meltwater Channels
Shallow channels are visible in 
the terrain close to the present 
debris-covered glacier margins 
on 500 m a.s.l. at the East slope 
of the Knölen Mountain (Figs. 
12 & 13). The channels follow 
the valley  sides until they enter 
a plateau and their orientations 
are close to perpendicular to the 
present glacier movement 
direction (Fig. 13).
 
Similar channels are also visible 
in the Ollsonbreen Valley  to the 
Northwest, where they are 
situated along the valley  slopes. 
The channels connected to the 
Ollsonbreen are visible at 
50-100 m above the valley floor 
and 1 km in front of the glacier 
tongue.
     
The channels are interpreted as 
lateral meltwater channels 
recording the previous drainage 
along the glacier margins due to 

Figure 11. Red silty matrix in the center of a sorted 
polygon on the ridge of diamict sediments. Dot in map 
shows position.

Figure 12. Map showing the direction of the fossil lateral 
meltwater channels on the eastern and southern slopes of the 
Knölen Mountain and fossil channels and river beds in the 
lower area. Extracted from Geomorphological Map, section 
10.1. Topographical map digitized from NP, A6 (Norsk 
Polarinstitutt, 1987) (UTM/ED50).
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supra-glacial meltwater runoff, thus 
showing former glacier extent (Benn 
& Evans, 1998; Schytt, 1956), see the 
geomorphological map (Fig. 3a-b).

 The northwestern and more spread-
out part of the lateral moraine (4.1.1) 
is dissected by several channels and 
the ridge south of the depression 
(4.1.6) is in several places cut  through 
by fossil channels. The bottom of the 
lowest fossil channel has the same 
alt i tude as the bottom of the 
depression (Fig. 15). The fossil 

channels have eroded up  to 5 
m of sediment in the ridge. In 
the eastern part of the lateral 
moraine (4.1.1) a large channel 
has cut through the sediment 
deposits draining the valley 
just west of the Olssönfjället 
Mount-ain (Fig. 14) into the 
depression below, see section 
4.1.6 (Fig. 16 & 17). Only a 
few of the channels are active. 

Today erosion takes place in  the part 
below the ridge where the rivers have 
eroded a couple of meters into the 
raised beach sediments, with the outlet 
at 28 m a.s.l. on top of a red silty layer. 
The water then flows onto the present 
beach into the sea.

The channels are interpreted as fossil 
meltwater chan-nels, some of which are 
still used by runoff from the local 
glaciers today, see the geomorph-
ological map (Fig. 3a-b).

4.1.6 Glaciofluvially Eroded
Depression
Between the elongated hummocky terrain in the Northwest and the ridge of diamict 
sediments subparallel to the coast  (4.1.3) there is a depression in the landscape; its total 
length is more than 2 km and it is 800 m wide (Fig. 16), see the geomorphological map 
(Fig. 3a-b). The deepest part of the depression lies 5 m below the crest of the ridge (Fig. 

Figure 13. Lateral meltwater-channels at the south 
slope of the Knölen mountain, 500 m a.s.l., view towards 
SE. Dot in map shows position and direction of 
photography.

Figure 14. 
F o s s i l 
meltwater-
c h a n n e l 
draining the 
valley W of 
t h e O l s s -
o n f j ä l l e t 
m o u n t a i n 
towards the 
c o a s t a l 
area. Map 
s h o w s 
p o s i t i o n /
direction.

Figure 15. Fossil channel cutting through a ridge.  Dot 
in map shows position and direction of photography.
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17). The area is heavily reworked by 
permafrost processes which have 
created sorted polygons in much of 
the depression. Rounded gneiss 
boulders cover large parts of the area, 
especially the northeastern part. 
Several fossil drainage-channels are 
visible coming from the mountains 
and in to the depression (Fig. 12). In 
the ridge in the southern part several 
channels draining the depression can 
be seen (Fig. 17). The bottom of the 
lowest drainage-channel has the same 
alti tude as the bottom of the 
depression. The only  place in the area 
where riverbeds have a lower altitude 
of the bed is in the active canyon and 
ravines. This means that at some point 
the drainage pattern was changed into 
where the present rivers are flowing, 
making the others inactive. The 
depression has glaciofluvial charac-
teristics. All over the area rounded 
boulders are found, this could be due 
to glaciofluvial reworking. The 
depression also has a vague dendritic 
pattern, probably showing old creeks 
and rivers later disturbed by peri-
glacial processes. The fossil channels leaving the depressions are indications of a fossil 
draining system that probably emptied the depression before the present drainage 
pattern developed. Several fossil drainage channels also enter the depression, all of 
them deriving from glaciers. The depression is interpreted to be the result of erosion due 
to mainly glaciofluvial processes, thus a glacio-fluvially eroded depression (Fig. 3a-b).

4.1.7 Striations
Striations on pelitic bedrock is visible 
at a rock outcrop near the present 
shoreline (Fig. 18, Fig. 3a-b). Because 
of a stoss and lee side on the bedrock 
it is possible to find evidence for 
movement from the East, but exact 
directions cannot be determined due 
to a convex surface (Fig. 18). An 
estimated direction is from the East 
towards West, following the direction 
of the fjord.

Figure 16.  The NW part of the depression and a fossil 
drainage channel cutting through the ridge, View 
towards S. Dot in map shows position and direction of 
photography.

Figure 17.  The ridge-shaped landform with a fossil 
channel cutting through. Dot in map shows position and 
direction of photography.

Figure 18. Glacial striations on bedrock. Movement 
from right side of the picture in the direction of the 
cartridge (63 mm). Dot in map shows position.

The development and relative chronology of landforms at Kongsfjordhallet, Spitsbergen

15



4.2 Fluvial Landforms
4.2.1 Ravines and Canyons
There are two major ravines and 
one major canyon in the Kongs-
fjordhallet area. The canyon is 
situated in the drainage path of 
the Ollsonbreen glacier (Fig. 19), 
see the geomorphological map 
(Fig. 3a-b). It is eroded in heavily 
metamorphosed pelitic bedrock 
and the depth of erosion is 15 m 
at several places. Above the 
bedrock there is 10 to 15 meters 
of sediments. The source of water 
for the canyon is mainly  the 
glacier uphill. The narrowest part 
of the canyon is situated closest 
to the coast  and it widens 
significantly upstream towards 
the glacier. The main river 
channel is directly  connected to 
the glaciofluvial plains in front  of 
the glacier tongue. 

The two major ravines run parallel, and their main drainage area is the debris-covered 
glacier between the Knölen and Ollsonfjellet Mountains and the slopes of Knölen. The 
northwestern of the two ravines has the same lithology of bed materials from the foot of 
the mountains in the Northeast to the coast with marbles, pelitic rocks, sandstone and 
gneiss. The size of clasts varies along the stream with the dominance of boulders closer 
to the coast and stones closer to the mountains. This is opposite to a traditional river 
system, where the largest clasts are deposited upstream. The downstream boulders are 
probably  remnants from eroded diamict sediments (4.1.3). The gradient of the ravine is 
steepest in the section closest to its base and flattens out 150 meters inland. The ravine 
is widest in its mid section, 175 meters, correlating with the flattest area of the river bed 
(Fig. 20, right). The width decreases significantly  towards the mountains. At  the widest 
part of the ravine a large depression with a spatial spread from northwest to southeast is 
a part of the ravine (4.2.2). At the coast the river has eroded 35 meters whilst  600 meters 
upstream it has only eroded a couple of meters, probably due to the shallow sediments 
in the central part. At several places, especially in the central part, the river is flowing 
on bedrock of schist type while further upstream the sediment thickness increases 
considerably due to the large sediment deposits (4.1.1). The river is still running close 
the bedrock and passes a boundary between pelitic and marble bedrock.

F i g u re 1 9 . 
The canyon 
with a view 
towards NE 
showing the 
eroded schist 
bedrock. The 
canyon wall is 
15 m high. 
Dot in map 
shows pos -
i t i o n a n d 
direction of 
photography.
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The second of the two 
ravines is situated about 
300 meters southeast  and 
parallel to the Northwest-
ern ravine. The South-
eastern ravine is similar 
to one described prev-
iously except that  it is 
narrower and does not 
have such an obvious 
connection to the dep-
ression mentioned above. 
Terraces are visible in 
both ravines at altitudes 
around 30 m a.s.l. and 38 
m a.s.l. in the North-
western ravine and ar-
ound 20 m a.s.l. and 27 m 
a.s.l. in the southeastern 
ravine (Fig. 20, left).

4.2.2 Alluvial Fans
Two large fans are activ-
ely  developing in the 
area, one at Kapp  Guissez 
and another one 2 km 
south (Fig. 3a-b). The 
fans are dominated by fluvial 
processes and are interpreted as 
alluvial fans (Blikra & Nemec, 
1988).

Close to the coast there is a fossil 
fan showing radial spreading of 
the former drainage from the 
glacier (Fig. 21). The erosion in 
the sediments above the bedrock 
records former meandering and 
variations in the configuration of 
the water-flow. The fossil fan is 
easily visible in the terrain as a flat 
triangular higher surface. The fan 
has an angle of 2.5 degrees from 
the apex towards the coast and the 
fan measures 195 m in length. It 
rises two meters above the 

Figure 20. Profiles of the western and eastern ravines. P is the profile 
along the river bed from the coast to the mountains; A, B & C are 
profiles perpendicular to P from W to E.  A, B & C are shown in P-
profile. X-axes is m and Y-axes is m a.s.l.

Figure 21. Fossil alluvial fan (arrow) at the central part of 
Kongsfjordhallet. Dot in map show position. Part of aerial 
IR-photo S90-6769 (Norsk Polarinstitutt, 1990).
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surrounding terrain and has an altitude of 43 m a.s.l. at the apex and 39 m a.s.l. in the 
distal part. A sediment section shows sandy-gravelly beds dipping towards the coast. 
The landform is interpreted as a fossil alluvial fan (Easterbrook, 1999).

4.3 Marine Landforms
4.3.1 Raised Beaches
Parallel to the coast there are 
discontinuous patches of sorted 
sediments, well-sorted sand to 
coarse clast-supported, rounded 
gravel with a lithology of mainly 
marbles and pelitic rocks (Fig. 
22). In the Northwest coastal 
areas these sediments cover 
almost everything from Kapp 
Guissez in the West to the foot of 
the mountains in the East except 
at the large alluvial fan (4.2.2). 
The coastal northwestern part is 
reworked by  fluvial processes at 
the distal part of the alluvial fan 
and only a few ridges are visible. 
At the surface there is silt 
infiltration down to 15-20 cm 
depth.

The sorted sediments continue southeast from Kapp Guissez (Fig. 23) along the coast 
but the zone gets narrower until it disappears where the upper limit intersects the 
coastline at E433500;N8775200 (Fig. 22). Similar sediments are found at the plains of 
Tönsneset in the Southeast (Fig. 24). At Tönsneset several parallel but curved ridges are 
visible (Fig. 24). At the upper limit of these sediments a ridge of reworked diamict 
sediments rises and diamict solifluction lobes have flowed over the beach sediments and 
created lobate structures (Fig. 9). This is particularly  obvious at  the middle section of 

Figure 22. Map showing raised beaches and beach-ridges. 
Extracted from Geomorphological Map, section 10.1. 
Topographical map digitized from NP, A6 (Norsk 
Polarinstitutt, 1987) (UTM/ED50).

F igure 23 .  Beach sed imen t cover ing 
Krossfjordflya and Kapp Guissez. Dot in map 
shows position and direction of photography.

Figure 24. The beach sediments at Tönsneset 
with the recent beach overriding the old due to 
transgression. Dot in map shows position and 
direction of photography.
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the Kongsfjordhallet coast. Considering the 
sedimentological and geomorphological charac-
teristics, these deposits are interpreted as raised 
beach sediments, some of which form beach 
ridges, see the geomorphological map (Fig. 3a-b). 
The beach sediments are in several places 
influenced by fluvial processes, eroding into or 
depositing material on top of the sediments. At 
present the beach at Tönsneset is transgressing the 
old beach due to isostatic movements and slow 
sea level rise that probably commenced 2-1 ka 
ago (Forman, 1990) (Fig. 24). The silt infiltration 
at the surface is due to soil-forming processes 
(Forman & Miller 1984).

4.4 Mass-wasting and periglacial 
landforms
4.4.2 Colluvium
The mountain sides are mainly covered by coarse, 
unsorted material of local origin, that is pelitic 
rocks in the western part and marble in the eastern 
part. This material is interpreted as colluvium due 
to mass wasting. Talus-cones have developed in several places, especially on the SE 
slope of the Kappfjället Mountain (Fig. 25). At the SE slope of the Knölen Mountain, 
the colluvium continues below the diamict sediments except where fluvial and 
gravitational forces have moved material downslope before entering the NW ravine, see 
the geomorphological map (Fig. 3a-b).
 
At the southwestern slope of the Knölen Mountain two steep fans, 20° at the toe, with a 
lot of debris are distinguished from the alluvial fans (4.2.2). They are interpreted as 
colluvial fans (Fig. 26) as described by Blikra and Nemec (1998).

4.4.3 Autochthonous Weathered Material
At the summits, above 400-500 m. a.s.l., 
angular, coarse material covers the bedrock. 
The material has a low amount of fine 
material such as silt, almost no matrix was 
observed. In the eastern part, around the 
Ollsonfjellet Mountain, this cover is 
constituted of marble and in the western 
part with a border running through Knölen 
the material consists of pelitic rock. As the 
covering material has the same lithology as 
the bedrock it  is interpreted as autoch-
thonous weathering material, see the geo-
morphological map (Fig. 3a-b).

Figure 25. Talus-cone on the SE face of 
the Kappfjället Mountain. Dot in map 
shows posi t ion and direct ion of 
photography.

Figure 26. The eastern part of the two colluvial 
fans on the southwestern slope of the Knölen 
Mountain. Dot in map shows position and 
direction of photography.
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5. Discussion
5.1 Landscape evolution
Kongsfjordhallet shows a div-
ersity  of sediments and land-
forms. In this section I will 
discuss the connection between 
them and their relative chrono-
logy in an attempt to explain the 
history of the area. 

The reconstruction of the land-
scape-development at Kongs-
fjordhallet in this study  starts 
with the deposition of the 
diamict material, till (4.1.3), 
including erratic boulders at 
altitudes of 250-500 m a.s.l. 
described in section 4.1.3. This 
could be explained by a large 
ice-sheet covering the area at 
least up to 500 m a.s.l. with 
areas above left as nunataks.  It 
could also be explained by 
frozen bed conditions above 500 
m a.s.l., thus preserving the 
landscape (Kleman, 1992). The 
ice-sheet later decreases in size 
and at a given time the inner 
parts of Kongsfjorden are filled 
by a glacier tongue draining an 
inland icecap (Fig. 27).

During this time a lateral mo-
raine is deposited (4.1.1). The 
material has been deposited 
during a stable phase of deglac-
iation that probably made it 
possible to create a large lateral 
moraine (Sugden, 1977). The 
mountain ridge continuing south 
from the Ollsonfjellet Mountain 
(Fig. 3a-b) has probably  acted 
as an obstacle making it 
possible for larger accumulation 
of sediments on the lee side 
(Benn & Evans, 1998), this 

Figure 27. Map showing a large glacier-tongue in 
Kongsfjorden creating a system of lateral moraines. 
Topographical map digitized from NP, A6 (Norsk Polarinstitutt, 
1987).

Figure 28. Map showing the deposition of end moraines by 
valley glaciers. Topographical map digitized from NP, A6 
(Norsk Polarinstitutt, 1987).
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explains the large amount of 
sediment in the eastern part of 
the lateral moraine (Fig. 27; 
section 4.1.1). The material in 
the moraine is believed to some 
degree be constituted of locally 
derived material such as from 
the valley  north of the Nordvåg-
fjellet Mountain (Fig. 3a-b) but 
also to some extent from the 
valley glaciers flowing from the 
North, thus explaining a slightly 
different lithology, more marble, 
in the ridge compared to the 
diamict sediments in the low-
land.

After a time of stable conditions 
and the deposition of the lateral 
moraine the recession of the ice 
continues, leaving large parts of 
the Kongsfjordhallet under 
subaerial or subaquatic con-
ditions. The valley glaciers from 
the North are probably still 
present in the lowland creating 
end moraines on top of the 
lateral moraine (Fig. 28). During 
the period with large valley 
glaciers, glaciofluvial processes 
probably  governed large parts of 
Kongsfjordhallet creating seve-
ral meltwater-channels (4.1.4) 
that drained the area (Fig. 29). 
Parts of this glaciofluvial system 
created a depression (4.1.6) in 
the lowland, from the front of 
the Ollsonbreen glacier and 
almost two kilometers to the 
South-west. The depression was 
pro-bably  eroded due to several 
meltwater-channels combining. 

The ridge of diamict sediment 
ridge could probably  be explai-
ned as formed during a short 

Figure 29. Map showing several meltwater-channels 
combining above the prominent diamict ridge. Topographical 
map digitized from NP, A6 (Norsk Polarinstitut, 1987).

Figure 30. Map showing the present day landscape with the 
most characteristic landforms. Topographical map digitized 
from NP, A6 (Norsk Polarinstitutt, 1987).
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period of stable ice margins or a fast re-advance of the large ice-sheet in Kongsfjorden. 
In either of these settings, the substrate at  the lateral margins of the ice-sheet could have 
been compacted, creating an area of more erosion resistant till subparallel to the large 
lateral moraine system in the North part of the depression. 

As the isostatic uplift begun the drainage-pattern also changed until the main drainage 
was through the present ravines. This process probably emptied the former meltwater-
channels and made it possible to develop the large ravines in the center of 
Kongsfjordhallet. A large area of beach sediments (4.3.1) was deposited during the 
initial time of high sea-level just after deglaciation. At a specific time the land reached 
its highest point and as the land later begun to sink the present sediment cliffs started to 
develop due to coastal erosion. This also started the formation of the transgressive 
beach at Tönsneset. This is probably because the large uplift in the center of the former 
ice-sheet made the outer parts starting to sink due to a hinge-effect in the isostatic 
rebound (Forman, 1990). The valley glacier margins retreated to positions maybe close 
to present or even further into the valleys. During the cold period of the Little Ice Age 
the valley glaciers advanced again and deposited the end moraines now visible 
500-1000 meters in front of the present glacier margins. The valley glaciers then 
retreated to their present position (Fig. 30; Fig. 3a-b).

5.2 Correlation to stratigraphy
As discussed above, from the geomorphological record I can distinguish at least  one 
regional and one local glacial event, one episode of high sea-level as well as fluvial and 
mass-wasting activity. In contrast, Houmark-Nielsen and Funder (1999) recognize three 
glaciations (see section 2) and marine events in the coastal cliff stratigraphy. Their 
uppermost unit is a beach sediment (Houmark-Nielsen & Funder, 1999) that is readily 
correlated to the raised beaches (4.3.1). Below the beach sediments there is a diamicton 
that according to Houmark-Nielsen and Funder (1999) is a glacial event. Although there 
are at least two more glacial events, represented by diamictons, below in the sequence 
of sediments. Which of these correlate to the glacial event(s) in the geomorphological 
record?

The oldest glaciation is recorded by a characteristic red to black, dark-banded, matrix 
supported diamicton. The bed is very  easily distinguished from the other sediments and 
if present  in the landscape it would probably have been visible in the eroded slopes of 
the ravines. It is also, as mentioned by  Houmark-Nielsen and Funder (1999), only 
preserved in a depression in the bedrock in the central parts of Kongsfjordhallet. It is 
thus probably  not the oldest diamicton which correlates with the present glacial 
landforms. 
 The middle diamicton consists of boulder-sized clasts of crystalline rocks in shell-
bearing sand to gravel with a reddish muddy matrix (Houmark-Nielsen & Funder, 
1999).  
 The third and uppermost diamicton, the one just below the beach sediments, is a 
matrix supported, reddish to grey, with striated clasts and boulders of non-local bedrock 
(Houmark-Nielsen & Funder, 1999). 
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The red colour of the middle diamicton is characteristic and would have been expected 
to show up in the terrain, if present. The sediments on the surface are seldom red, except 
at a few spots (Fig. 11), where it could be explained by  weathered glacial erratics of red 
sandstone. However, absence of evidence cannot be used to prove a correlation. The 
third and uppermost diamicton has many clasts of nonlocal bedrock and a more greyish 
appearance, this fits well with the surface at large parts of Kongsfjordhallet. Although as 
mentioned above, published data describes that there are three diamict units in the 
coastal sections, but recent work within SciencePub has shown that the upper part of the 
stratigraphy is more complicated with a previously undescribed thin diamict unit (Ryen 
et al., unpublished). The interpretation of this diamicton is not yet clear, but it may  be a 
potential correlation candidate. The newly discovered diamicton is found within the 
uppermost unit of Houmark-Nielsen and Funder (1999).

A fluctuating glacier margin is described above (5.1) in the creation of the prominent 
diamict ridge (4.1.3) and could thus be a correlation to the uppermost diamict sediment. 
The several ridges and the hummocky characteristics of the lateral moraine could also 
be due to a fluctuating ice margin as described in section 4.1.1.

With the information at hand today it is probably not possible to make an accurate 
correlation between the landforms and the diamictons in the cliffs, and will therefore 
not be attempted in this study. The most probable correlation, after the discussion above, 
would be one of the diamicts in the upper part of the cliff. To be able to do a good 
correlation the slopes of the ravines could be investigated further, to be able to follow 
the units inland.

5.3 Timing of events
In my discussion above I have reconstructed the landscape history  during one 
glaciation-deglaciation phase, following the principle of simplest explanation. It would 
also be simplest if these events were the last glaciation and deglaciation in this area, 
although at the time of writing I have no absolute dates to support this. 
 
The end moraines (4.1.2) look old and weathered and because of this they likely  do not 
correspond to the Little Ice Age. If they were, they  probably would have had a fresher 
appearance. It is probably not moraines of Younger Dryas age either, since according to 
Mangerud & Landvik (2007) the glaciers of western Spitsbergen extended further from 
the present glacier margins during the Little Ice Age than during the Younger Dryas. 
This implies an interpretation where these end moraines were deposited relatively 
shortly after the lateral moraine to be able to explain the old characteristics, the distance 
from present glacier margins and the fresh area of terminal moraines closer to the 
present margin. 

It is possible that a more complicated story is hidden in the geomorphological record. 
The landforms at Kongsfjordhallet could be deposited during several glaciations. As an 
example the erratics at higher elevations, up  to 500 m a.s.l., could have been deposited 
during an earlier glaciation and the lateral moraine deposited during a later glaciation. 
Also, if the lateral moraine was deposited during an earlier glaciation and a later one 
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then deposited a till layer on-top, the surface would have the same composition. It is 
clear from both the terrain and aerial photos that the surface material has different 
composition, probably from different parent material during subglacial or supra-glacial 
deposition during the deposition of the lateral moraine. Although as mentioned above I 
have been following the principle of simplest explanation. 

A better correlation of the sediments and the landforms at Kongsfjordhallet  (described 
in 5.2) and absolute dates on the units (OSL, ESR) would make it  possible to more 
precisely time the events. Absolute dates on suitable erratics in the terrain by 
cosmogenic exposure dating would also help  the interpretation of the glacial history. 
Absolute dating has been done as a part of the SciencePub project but results are not 
available at the time of writing.
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6. Conclusions
There is a large diversity  of glacial, marine, fluvial and colluvial landforms at 
Kongsfjordhallet, Spitsbergen. Prominent landforms include a lateral moraine, beach 
ridges and fluvial ravines. The sediments contain both local and allochthonous 
lithologies. 

The landscape has a complex history with two glacial events: one regional and one 
local, one episode of high sea-level as well as fluvial and mass-wasting activity after 
deglaciation. After a period with a stable ice-margin over Kongsfjordhallet, the fjord-
centred glacier retreated while local valley  glaciers advanced. The initial period of high 
sea-level with deposition of beach sediments at ~35 m a.s.l. was followed by  a mainly 
erosional episode when meltwater eroded channels into bedrock and sediment as land 
was uplifted due to isostatic rebound. 

The timing for the formation of the landforms in the area is believed to be after the Last 
Glacial Maximum and into the Holocene, but no absolute dates are available. With the 
present knowledge accurate correlation between landforms and sediments is not 
possible but.

The processes active today  are mainly the development of the beach-ridge at Tönsneset, 
development of alluvial and colluvial fans, erosion in the present ravines and reworking 
due to periglacial processes. 
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