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The exact configuration of the last deglaciation in central parts of Norway has long been debated, partly because dramatic relief in the area caused 
localized ice flow patterns, which are difficult to correlate with each other. In an attempt to resolve these issues we have employed regional mapping 
by using satellite images, combined with new as well as previously collected field data. The dataset at hand reveals major ice flow patterns, proba-
bly correlated with the onset of the last deglaciation. They emanate from the Jotunheimen mountain areas, trend in a northeasterly direction, and 
gradually turn northward. We tentatively correlate this ice flow configuration with the deglaciation before the Younger Dryas (YD). Later on, as the 
deglaciation continues, the general ice flow turns more towards the northwest. It has previously been suggested that this northwestward trending 
ice movement could be correlated with the late YD "Hoklingen Substage" (c. 10,300-10,400 14C years BP). The present reconstruction, by and large 
supports this correlation. 
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Introduction
The mode and configuration of ice dispersal and details 
of the last deglaciation in south central Norway have 
long been debated. Hørbye (1857), Hansen (1886) and 
later Ljungner (1949) pointed out, based on major glacial 
landforms and glacial striations that Weichselian ice sheet 
dispersal centres had been migrating throughout the gla-
ciation. Hence, ice flow patterns corresponding to the last 
glacial maximum are markedly different from patterns 
from the last deglaciation. The complicated, and appar-
ently conflicting ice flow patterns in north and central 
parts of eastern Norway and Sør-Trøndelag county (Figs. 
1, 2), raised questions as to how the last deglaciation 
should be resolved. Different views and thoughts were 
suggested by, for example Holmsen (1915), Holtedahl & 
Andersen (1960), Sollid (1964, 1968) and Sollid & Reite 
(1983).  In papers by Bergersen & Garnes (1972, 1981, 
1983) much of the glacial stratigraphy for the region is 
set out. These authors correlated regional till units in 
northern Gudbrandsdalen with four main phases of 
the last glaciation with distinctive ice flow patterns, and 
where the last ice flow is correlated with the last deglacia-
tion. The spatial patterns of the tills were, at least partly 
connected with the relative position of the migrating 
ice divide by using clast fabric and glacial striae. Using 
such data the same ice flow phases have been extended to 
the southern Gudbrandsdalen area (Fig. 2) south of the 
main Weichselian ice divide (e.g. Olsen 1983, 1985), Here 
a chronology of the main phases, based on various dates, 
has also been established (Olsen 1998, Olsen et al. 2001a, 

2001b, 2001c). In general, much of the regional observa-
tions of Bergersen & Garnes (1972, 1981, 1983) and Olsen 
(1983, 1985) fit well with ice-sheet scale reconstructions of 
ice flow and basal temperature (cf. Kleman & Hättestrand 
1999; Kleman et al. 1997; Näslund et al. 2003).

In this paper we re-examine the distribution of glacial 
streamlining features (drumlins and drumlinoid features) 
by using remote sensing data, combined with the results of 
new field investigations and a literature review in order to 
establish (1) different regional ice flow patterns, which (2) 
can be used to reconstruct different ice flow configurations 
in central east Norway and Sør-Trøndelag County. 

Glacial landforms, ice-flow patterns and 
sub-glacial temperature conditions 
In order to interpret correctly the glacial history of a 
landscape it is essential to understand the mapped land-
form assemblage and its formation (Kleman & Borgström 
1996). Only quite recently has the importance of glacial 
erosion zonation been fully appreciated (e.g. Clarhäll 
2002), where some areas are glacially eroded and modi-
fied by glacial processes whereas others may have escaped 
glacial erosion entirely even through several glacial cycles 
(Kleman 1992). It appears that many glacial landscapes 
in Scandinavia have more in common with landscapes 
formed at modern polar ice caps, as for example in arc-
tic Canada and Russia (Dyke 1993), than with landscapes 
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formed at modern temperate glaciers on Iceland and in 
Scandinavia, which traditionally have been used as ana-
logues for former Fennoscandian ice sheets.

Glacial geomorphological traces aligned parallel to the 
ice-flow (e.g. drumlins, fluting, striations) are commonly 
thought to be very powerful tools for reconstructing 
paleo ice-flow patterns (e.g., Kleman 1990; Punkari 1980, 
1995; Sollid & Sørbel 1979). Kleman & Borgström (1996) 
pointed out that glacial lineations could only be formed 
under so-called wet-based glacial conditions where the 
basal temperature is at the pressure melting point and 
they are continuously being created and reshaped. Thus, 
regional patterns of glacial lineation cannot be con-
sidered synchronously formed, but are formed over a 
period of time. In areas where the glacier is frozen to the 
ground, on the other hand, no or very few glacial land-
forms are created and older landforms, from previous 
glacial stages, can readily be preserved beneath the glacier 
ice (e.g., Lagerbäck 1988; Boulton & Clark 1990; Kleman 
1992; Kleman & Hättestrand 1999; Stroeven et al. 2006). 

The basal ice temperature is dependent on heat advection 
(e.g., cold surface snow is advected into the ice body), 
conduction of heat (e.g., geothermal heat) and strain 

heating (Paterson 1994; Hooke 2005). Solutions to the 
general heat flow equation for ice sheets yield a strong 
temperature relationship with ice depth. The likelihood 
of finding temperate ice at large ice depths is greater than 
at shallow depths (Paterson 1994; Hooke 2005). This is 
often manifested in an abundance of glacial landforms 
at lower altitudes (e.g. valley floors) and absence of simi-
lar landforms higher up in the terrain (Sugden & John 
1976; Kleman et al. 1999). On the other hand, the distri-
bution of glacial melt-water channels is often associated 
with cold-based ice. During deglaciation of a cold ice 
body melt-water formed at the glacier surface is unable 
to penetrate down into the glacier due to re-freezing. The 
melt-water is thus forced to flow on the ice surface and 
may carve glacial melt water channels on valley slopes 
and nunataks (e.g., Mannerfelt 1945; Ives & Kirby 1964; 
Hättestrand 1998).

Methods
False colour satellite imagery from SPOT (cf. Follestad 
2005c), and Landsat satellites were used to conduct 
regional scale mapping of glacial lineations. The Land-

430000

430000

480000

480000

530000

530000

580000

580000

630000

630000

680000

680000

68
50

00
0

68
50

00
0

69
00

00
0

69
00

00
0

69
50

00
0

69
50

00
0

70
00

00
0

70
00

00
0

S
W

E
D

E
N

Trondheim

Skrymtheimen

Fig. 4

Fig. 5

Fig. 6

Figure 1

Rondane

Sør-Trøndelag

Hedmark

Jotunheimen

Oppland

50 km

Legend
Outline of satellite 
imagery used

Quaternary geological map
sheets in scale 1:50,000

Quaternary geological map
sheets for municipalities

Coordinates are in meters, UTM Zone 32N.

Drumlins and glacial fluting

0 - 500
500 - 1000

1000 -1500
1500 - 2000

>2000

Elevation (m a.s.l.)

Fig. 1: Investigated area in south-central Norway. Remote sensing data (outlined) was used to validate and supplement previously published 
Quaternary maps by e.g. Sollid & Trollvik (1991), Follestad (2003b, 2005a, 2005b, 2006a, 2006b), Follestad & Bergstrøm (2004), Follestad et 
al. (2006) and Sørbel & Tolgensbakk (2006), which are outlined with coloured boxes. Boxes show locations of figures 4, 5 and 6.
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sat ETM+ scenes were constructed by using wave-
length bands 7 (2.08-2.35 μm), 4 (0.750-0.900 μm) and 
2 (0.525-0.605 μm) combined into a RGB image. This 
band combination produced visually appealing images 
with good spectral separation between different soil 
types and corresponding landforms. In additition, the 
Landsat ETM+ panchromatic band (0.52-0.90 μm) 
was added to the image as an intensity layer, yielding 
a panchromatic-sharpened multispectral image with 
resolution of approximately 15 m. At key localities, 
digital aerial orthophotos have been used (where they 
exist) along with conventional aerial photos at scales of 
1:18,000 and 1:40,000. Mapping by satellite imagery has 
been carried out in the northern parts of the counties 
of Oppland and Hedmark and in the southern parts of 

Sør-Trøndelag County (Fig. 1). In other areas, we have 
mostly relied on previously published maps at scales of 
1:250,000 and 1:50,000 (Sollid & Trollvik 1991; Follestad 
2003b, 2005a, 2005b, 2006a, 2006b; Follestad & Berg-
strøm 2004; Follestad et al. 2006; Sørbel & Tolgensbakk 
2006). Most of these map data resides in databases at 
the Geological Survey of Norway, and could therefore 
readily be included in the geographical information 
system (GIS) used in this project.  

Glacial streamlining of bedrock surfaces is in some 
cases difficult to separate from tectonically derived fea-
tures such as rock lineations, foliation, fractures and 
bedrock grain (Figs. 3, 6). In general, the available sat-
ellite images and aerial photographs used in this study, 
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Fig. 3: a) Glacial fluting trending towards southeast in Gudbrandsdalen valley. b) False colour IR aerial photograph (photo no. P6H 11833 
B9) where glacial fluting is denoted by solid lines. The area is also influenced by bedrock foliation, folding and grain (stippled lines) that partly 
coincide with the fluting direction, which may hamper interpretation of glacial lineations. Aerial photograph is published with the permission 
of Terratec.
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made geomorphological analysis of glacial features rela-
tively straightforward but in uncertain cases we have 
abstained from mapping possible glacial landforms. In 
total, approximately 1100 drumlins and drumlinoid fea-
tures were mapped using satellite imagery, and absolute 
ice flow directions were determined for about one-fifth 
of them. In addition, literally thousands of glacial land-
forms from previously published maps were taken into 
consideration.

Physiographic settings 
The studied area comprises a diverse topography (Figs. 1, 
2). In northwest short and deeply incised valleys such as the 
Sunndalen valley (Fig. 2), dominate the topography. To the 
south and southeast the mountainous areas of Skrymthei-
men and Rondane overlook the surrounding, gently undu-
lating plateau areas, at 1000-1400 m above sea level (Fig. 
2, profile A-B) extending northeast respective west of the 
deeply incised valleys of Gudbrandsdalen (600-1200 m 
a.s.l.) and Glomma (300-700 m a.s.l. with tributary Atna. 
Broad shallow valleys are entrenched in the plateaus and 
these valley floors are generally situated at 900 - 1200 m a.s.l. 
We argue that this physiographic setting, the climatic condi-
tions during the formation and disappearance of the last ice 
sheet, together with the thickness and physical conditions 
within the ice sheet have produced distinct ice-flow patterns, 
which will be discussed in the following pages. 

Examples of landforms around Dombås
The open southwest-northeast orientated valley in figure 
4 has a rather continuous cover of till in the valley sides 
and on the valley floor from Dombås in southwest to the 
Fokstugumyrin in northeast (Follestad 2006b). Contin-
uous and discontinuous till cover is abundant up to an 
elevation of approximately 1400 m a.s.l. Above this alti-
tude weathered material and block fields dominate the 
superficial deposits. Most of the boulders in the block 
fields derive from the underlying bedrock though some 
erratic boulders occur but are very rare. Distinct glacial 
lineations directed towards the northeast, are frequently 
seen on the satellite imagery, mainly in the lower areas. 
This ice flow pattern was also observed by Sørbel & 
Tolgensbakk (2006). Drumlinoid forms are widespread 
and can be observed up to altitudes of about 1200 m a.s.l. 
In the western and southern parts of figure 4, these fea-
tures are observed at altitudes between 880 m a.s.l and 
1200 m a.s.l. on the mountain ridge of Grisunghøi (1387 
m a.s.l.) and on the valley floor of Grøndalen. Also in 
here, drumlins occur up to some 1190 m a.s.l. Glacial 
lineations are also common further north, in the valley 
of Grisungdalen (Sørbel & Tolgensbakk 2006) and in the 
Hjerkinn area (Follestad 2003b, 2005a, Sørbel & Tolgens-
bakk 2006). However, the most impressive drumlins can 
be seen in the valley from Dombås to the northeasterly 
lying area of Fokstugumyrin (Fig. 4). The drumlins have 
a typical oblong shape, and vary in size from a few tenths 
of meters up to several kilometers length. The most dis-
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tinct drumlins are seen at the southwestern side of the 
Fokstugumyrin. Aerial photo analysis reveals that some 
drumlins overlap and thus exhibit a continuum of forma-
tion and reshaping. With some exceptions these drumlins 
all point to the northeast (Sørbel & Tolgensbakk 2006; 
Follestad 2005c). The marked drumlinoid form known as 
Haukberget mountain (see Follestad 2003b), is a striking 
"crag-and-tail". The leeside tail, as well as glacial striae on 
a central core of bedrock point to the northeast. In this 
part of the Dombås-Hjerkinn valley, eskers also occur 
frequently, and all point in a north-easterly direction.

Examples of landforms around Rondane
Between the valleys of Gudbrandsdalen and Atndalen the 
Rondane mountains reach altitudes of more than 2000 
m a.s.l. To the southeast, an undulating plateau area at 
about 1200 m a.s.l. stretches southeastward into the area 
of Ringebufjellet. Outside the Rondane mountains con-
tinuous till cover dominates but in the higher mountains, 
distinct areas of weathered material and block fields 
occur (Follestad 2005b, 2006, Follestad & Bergstrøm 
2004). These deposits have a relatively sharp boundary 
to till deposits at c.1400 m a.s.l. Above this altitude surfi-
cial deposits have a high content of stones and boulders. 
Cryoturbation features such as stone rings, stripes and 
solifluction lobes are common. In the autochthonous 
block fields, the underlying bedrock naturally dominates 
the boulder lithology. However, in the schist and quartz-

ite areas east of Atndalen valley, erratic boulders of gneiss 
and granite are found, originating from the window of 
basement rocks to the southeast. 

Glacial lineations trending towards the northeast are seen 
in the till-covered areas of Geitsida and Rondane. These 
lineations can be observed at altitudes up to 1280 m a.s.l. 
Also in areas northwest of Ringebufjellet, drumlinoid 
forms are observed at c. 1200 m a.s.l. Apparent drum-
linoid landforms pointing to the southeast were also 
observed along the shoulders of Gudbrandsdalen valley. 

Discussion  
The Quaternary map of Oppland County (Sollid & Troll-
vik 1991) shows discernible glacial lineations with dif-
ferent orientations in the northern parts of the Oppland 
County. In the Dombås – Hjerkinn area these ice flow 
features indicate northeasterly ice flow, which is con-
firmed by observations of Sørbel & Tolgensbakk (2006) 
and by data presented in this paper (Fig. 4). Also in the 
Hjerkinn area, we described glacial lineations pointing 
to the northeast (cf. Follestad 2005c). Further east and 
north, glacial lineations turn more towards north and 
can be followed to the areas of Stororkelsjø Lake (Folles-
tad 2005c). In a similar fashion, glacial lineations mapped 
by Sollid & Sørbel (1979) in the Fundin area also indi-
cate an older northeasterly ice flow followed later by a 
younger, westerly ice flow. Similarily, Reite (1990, 1995) 
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and Follestad (2005c) have indicated northerly and 
northeasterly directed ice flows north and west of Opp-
dal, respectively. 

Drumlins occur together with eskers in the investigated 
area, which are indicative of a wet-bedded glacier dur-
ing deglaciation (cf. Kleman et al 1997). Follestad 
(2005c) argued that a deglaciation of this type occurred 
before and during the Younger Dryas Chronozone in the 
 Oppdal area. In the Hjerkinn area, the younger Kongsvoll 
Substage (Sollid 1964) is, by Follestad (2005c), corre-
lated with the younger northwesterly orientated drum-
lins in the Fundin area. Glacial lineations have in some 
cases been used to correlate ice movements. However, we 
consider matching glacial striae only as an indication, 
not a proof for a synchronous development, as several 
till beds deposited during different phases with the same 
or almost the same ice flow directions are reported from 
these parts of central Norway (Bergersen & Garnes 1972, 
1981, 1983; Olsen 1983,1985,1998; Olsen et al. 2001a, 
2001b, 2001c).

In southern and northeastern parts of the investigated 
area, clear deviations from the dominant northeasterly 
glacial striations can be seen (Figs. 4, 5, 6). These ice flow 
patterns were also mapped by Sollid & Trollvik (1991). 
Bergersen & Garnes (1981) have established a model of 
ice flow over time for the Gudbrandsdalen area, based on 
glacial striations and till stratigraphy. Their work indi-
cates four phases of ice movement during the last glacia-
tion and the presence of an ice-divide over central parts 

of Gudbrandsdalen valley during their phase C. During 
this phase they described ice movements in a northerly- 
and north northwesterly direction. This ice flow pattern 
might be correlated with the observed northerly directed 
glacial lineations around Geitsida and Ringebufjellet (Fig. 
5).  Their final phase (D), tentatively corresponds to the 
northeasterly directed patterns in the Hjerkinn – Ron-
dane areas and the simultaneously or later formed glacial 
lineations following Gudbrandsdalen in a southeastward 
direction. As the altitude of the Dombås – Hjerkinn val-
ley is some 900 m a.s.l near Dombås, an ice flow from 
the Jotunheimen area would most likely reach the stud-
ied areas. However, as indicated by Kleman et al. (1997), 
some residuals of cold-based ice in the areas southwest of 
the Ringebufjellet mountain might have existed during 
the final deglaciation. Thus, the northeasterly oriented 
glacial lineations may indicate an ice stream somewhat 
wider than the streams suggested by Bergersen & Gar-
nes (1983) during their phase D. We also suggest that the 
northeasterly-directed ice movement is older than the 
westerly-orientated glacial lineations in the Fundin and 
Sør-Trøndelag areas (Fig. 7). If the latter correlates with 
the early and late substages of YD, as suggested by Foll-
estad (2005c), then the northeasterly-directed ice flow is 
older than YD.  

Furthermore, it is interesting to note that glacial linea-
tions occur on upland plateau areas and in valleys all 
the way up to altitudes of c. 1300 m a.s.l (Figs. 4, 5). We 
thus infer that the ice sheet was frozen to the ground at 
elevations above c. 1300 m a.s.l., when glacial drumlins 
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were formed at lower altitudes. This is corroborated by 
an abundance of glacial meltwater channels in the inves-
tigated area, which is generally regarded as indicating 
wastage of glacier body colder than the pressure melting 
point (Ives & Kirby, 1964; Dyke, 1993).

Conclusion
Regional mapping of glacial lineations, in conjunc-
tion with already published data, allowed us to differ-
entiate between several distinct sets of ice flow patterns 
in south-central Norway. Glacial lineations indicating 
ice flow towards the north emanate from the area of 
 Gudbrandsdalen and continue to the northeast, passing 
by the upland areas of Hjerkinn – Rondane, and continue 
further to the Oppdal area. We tentatively infer that this 
ice flow event extended as far north as the Sør-Trøndelag 
County. We also conclude that this set of glacial lineations 
predates the Younger Dryas chronozone, and is indica-
tive of a significant ice dispersal centre in the Jotunheim 
area, which influenced ice flow patterns in south-central 
Norway throughout the last part of the Weichselian gla-
ciation. Following this major ice flow event the retreating 

ice sheet gave way to more local, topography dependent 
flowage, the general flow direction being northwestwards 
towards Sør-Trøndelag County. Throughout most of 
these glacial stages, the ice sheet was frozen to the ground 
at altitudes above c. 1300 m a.s.l. as indicated by lack of 
subglacial landforms above this altitude and a general 
abundance of glacial meltwater channels.

Finally, we suggest that the use of glacial striations alone 
in reconstructions of glacial ice flow history must be 
avoided, since separation of such features in time is very 
difficult. Hence, it is vital to consider the whole regional 
picture of surficial glacial landforms, glacial stratigraphy 
and also indirect indications of minimal glacial erosion, 
such as glacial melt-water channels, in order to be able to 
reconstruct ice flow patterns fully in time and space.
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