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The Precambrian basement in southeastern Norway consists of the Transscandinavian Igneous Belt (TIB) with ages from 1.86 to 1.66 Ga to the 
east of the Mjøsa Mylonite Zone. Gothian rocks with an age of 1.64–1.52 Ga occur to the west of this zone together with the highly magnetic 932 
Ma old Flå Granite. A map showing the depth to the Precambrian basement in southeastern Norway is based on depth to magnetic basement, 
gravity models and the position and height of the Cambrian marine transgression in southeastern Norway. The peneplain has a slope facing north–
northeast on the western side of Mjøsa and west of the Mjøsa Mylonite Zone. On the eastern side of Mjøsa the slope is facing northwestwards. This 
basin structure may be primary or partly a result of later subsidence. We propose that the basement depression extending from Lillehammer to 
the north–northwest represents the southern extremity of a basement structure that hosted the Hedmark Basin. The broad basin can be followed 
to the north by magnetotelluric surveys to Dovrefjell were it terminates at the late, large, normal fault at the boundary to the Upper Allochthon.
Within the zone of deformed basement west of the Mjøsa Mylonite Zone, there are three 3–4 km-deep basins/depressions. The depressions are 
probably produced by Caledonian thrusting of the basement and are related to the transport of the Atnsjø window and the Osen–Røa Nappe 
Complex. New data from Åreskutan in Sweden on the thrusting of the Middle Allochthon during Late Silurian and the thrusting of the Lower 
Allochthon in Early Devonian are in agreement with data from Trollheimen in Norway. The Early Devonian Osen–Røa Nappe is probably related 
to the out-of-sequence Storli Thrust, and the thrusting involved the sedimentary cover including the Hedmark Basin and the basement below. The 
distance of transport may have been in the order of 100 km.
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Caledonian deformation of the Precambrian basement  
in southeastern Norway

Introduction

The distance of thrusting of the Middle and Lower 
allochthons in the central part of the Caledonian Orogen 
has been discussed since the time of Törnebohm’s 
famous 1888 paper and his map from the central part 
of Scandinavia (Törnebohm, 1896). Törnebohm (1888) 
based his tectonic model on the same profile crossing 
Åreskutan as in Gee et al. (2010) more than 120 years 
later and estimated the transport distance for the Middle 
Allochthon to be in the order of 100 km. On his map, 
Törnebohm (1896) separated with hatching the long-
transported nappes of the Middle Allochthon from the 
shorter-transported nappes of the Lower Allochthon. 

Different estimates for the transport distance of the 
thrusting of the Lower Allochthon based on shortening 
of the Osen–Røa Nappe Complex have been published by 
Morley (1986) and Lamminen et al. (2011) and references 
therein. Morley (1986) calculated the shortening to be in 
the order of 150 km. Rice & Anderson (2016) interpreted 
transport distances of 280 and 70 km, respectively, for the 
Hedmark Basin and the Western Gneiss Region in Mid 
Norway. In the models involving a long transport of the 
Lower Allochthon, the Hedmark Basin is located north 
of the Precambrian basement windows (Nystuen, 1981; 
Lamminen et al., 2011). 

Skjeseth (1963), Englund (1973), Bjørlykke (1983) and 
Bjørlykke et al. (1976), argued for a short transport 
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 distance of the Osen–Røa Nappe Complex based on 
the relationship between the marginal deposits in the 
Hedmark Basin and the basement structures. Nielsen 
& Skovsbo (2010) estimated the travel distance to be 
in the order of 100 km based on the palaeogeographic 
reconstruction of different periods during the Early 
Cambrian. Worsley et al. (2011) indicated the same 
distance on their palaeobathymetric maps from the 
Silurian Bruflat Formation. There are, however, large 
uncertainties in the estimates and we still don’t know 
the exact transport distance of the Osen–Røa Nappe 
Complex (Bruton et al., 2010; Fossen et al., 2013).

There has been an increased awareness of Caledonian 
deformation and thrusting of the Precambrian 
basement (Fossen et al., 2013) in the Caledonian Orogen 
in Scandinavia. Seismic surveys show Caledonian 
structures deep into the Precambrian basement and 
large slices of basement occur within Caledonian 
nappes. Fossen et al. (2013) show on page 192 an early 
thrusting of the basement in the Ordovician along the 
northwestern margin of the Fennoscandian Shield 
that ends with the continent-continent collision 
in the Late Silurian to Devonian, and a significant 
part of the Precambrian basement had by then been 
Caledonised. How far to the southeast can we see the 
effects of Caledonian deformation beneath the Lower 
Allochthon in southeastern Norway? And may some of 
the compressional structures in the basement represent 
reactivation of earlier extensional rift structures 
similar to the situation in northern Central Norway 
described by Braathen et al. (2002)? The deformation 
of the Precambrian basement is also important in the 
estimation of the transport distance of the basement 
slices occurring within the Caledonian nappes and in 
quantifying the shortening of the basement.

Hurich et al. (1988) recognised deep reflectors beneath 
the Skardøra tectonic window (near Storlien) at a depth 
of 20 km and interpreted them to be Caledonian thrusts. 
Gee et al. (2016) proposed the concept of an underlying 
autochthonous basement separated by a thrust zone from 
an overlying allochthonous basement with metamorphic 
sediments and volcanites as shown in the schematic 
profile from Østersund to Trondheim (Figs. 1 & 2). The 
geological profile is partly based on seismic reflection 
profiling. The location of this profile is depicted in 
Figs. 3–6. Gee et al. (2010) showed a reflection seismic 
profile from Østersund to the Norwegian border, and 
interpreted the reflectors, dipping gently to the west, 
to represent major thrusts within the Precambrian 
basement. The compression and shortening of the upper 
crust above the reflectors indicate thrust movements in 
the order of several tens of kilometres. This interpretation 
is supported by a magnetotelluric survey along the same 
profile (Korja et al., 2008). This geophysical profile ends, 
however, at the Norwegian–Swedish border.

In 1976, Knut Åm made the first map of the depth to 

magnetic basement of the area, and the results were 
published in a paper by Nystuen (1981). He found three 
3–4 km-deep depressions, and they were interpreted by 
Nystuen (1981) to have been caused by late Caledonian 
(Devonian?) subsidence. There are, however, few signs of 
such large-scale subsidence in the surface geology in the 
areas above the depressions.

The second important part of the present paper concerns 
the structural position of Precambrian windows (Atnsjø, 
Spekedalen, Øversjødalen Tufsingdalen and Steinfjellet) 
and of slices of Precambrian basement in the Osen–
Røa Nappe Complex in relation to the Caledonian 
deformation of the Precambrian basement, which 
is expressed on the magnetic and gravity maps. The 
allochthonous position of the Precambrian windows 
within the Osen–Røa Nappe Complex (Lamminen 
et al., 2014) makes it interesting to compare the 
tectonostratigraphy in the Trollheimen/Western Gneiss 
Region with the tectonostratigraphy southeast of the 
Precambrian windows. Robinson et al. (2014) relate 
the thrusting of the Precambrian window at Mullfjället 
(located to the west of the COSC borehole in Figs. 4–7) 
to a late, out-of-sequence thrusting at around 395 Ma 
and interpreted the window to be tectonically a part of 
the Lower Allochthon. The thrust below the Precambrian 
window is probably a continuation of the Storli Thrust in 
Trollheimen (Robinson et al., 2014).

In this paper we look at the relationship between 
the thrusting of the Middle Allochthon and the 
Lower Allochthon with the basement windows. The 
involvement of the basement on the Fennoscandian 
Shield was probably important for the transport of the 
Hedmark Basin out of its several km-deep rift structure 
into an overturned antiform during the thrusting of the 
Osen–Røa Nappe Complex.

Geological setting

The geology of the southeastern Norway is composed 
of a Mesoproterozoic basement with autochthonous 
Cambrian metasedimentary rocks above. This sequence 
is cut by Caledonian nappes (Lower, Middle, Upper 
and Uppermost allochthons (Gee et al., 2010; Figs. 1 & 
2)). The Lower Allochthon is composed of sedimentary 
rocks and basement slices from the interior of the 
Fennoscandian Shield, whilst the Middle Allochthon 
consists of rocks from the northwestern Fennoscandian 
margin. In the Upper Allochthon there are mainly rocks 
from island arc and spreading ridge environments and 
the Uppermost Allochthon represents rocks from the 
Laurentian side of the Iapetus Ocean.

The Mezoproterozoic basement in southeastern Norway 
(Fig. 3) is composed of the Transscandinavian Igneous 
Belt (TIB) with an age of 1.86–1.66 Ga to the east. It is 



NORWEGIAN JOURNAL OF GEOLOGY Caledonian deformation of the Precambrian basement in southeastern Norway 3

Figure 1. (a) Tectonostratigraphic map of the Scandinavian Caledonides (based on Gee et al., 2010). (b) Topography/bathymetry of 
northwestern Scandinavia (prepared with GMT). (c) Magnetic anomaly map (based on Olesen et al., 2010). (d) Bouguer gravity anomaly map 
(based on Olesen et al., 2010). Black rectangle shows the extent of the geophysical and geological maps in Figs. 4-7, the dashed red and white 
line is the national border and the black and white line is the Caledonian front. The figure is modified from Hedin et al. (2014).
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followed to the west by the 1.64–1.52 Ga old Eastern 
Segment and the Idefjorden Lithotectonic unit and 
the 1.52–1.48 Telemarkia Lithotectonic Unit (Bingen 
& Viola, 2018). On the border between the TIB and 
the Idefjorden unit there is a major Sveconorwegian 
mylonite zone (Mjøsa). The Sveconorwegian frontal 
deformation zone is situated to the east of the Mjøsa 
Mylonite Zone (Fig. 3). Between these two zones 
there is a marked Sveconorwegian deformation of the 
Precambrian basement.

The NNW-SSE  lineaments are prominent in the 
basement areas and they also dominated the tectonic 
evolution with rifting in the Neoprotereozoic–Early 
Cambrian and during the Permian period (Lamminen et 
al., 2014).

Due to erosion and chemical weathering during the 
Ediacaran period, the Precambrian basement became 
a peneplain at the start of the Early Cambrian, In some 
areas northwest of the Caledonian front, the Moelv Tillite 
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Figure 2. Schematic profile through the Central Scandinavian Caledonides (Gee et al., 2010). The location of the profile is shown in Figs. 1 & 
4–7.

Figure 3. The Precambrian basement of the southern part of Scandinavia (after Bingen & Viola, 2018).
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Geophysical data

Aeromagnetic data

The whole of Norway was covered with aeromagnetic 
surveys from 1959 to 1975 (Fig. 4). Flight altitudes, flying 
directions, and line spacing of the aeromagnetic surveys 
varied widely (Olesen et al., 2010). The line spacing and 
flying altitude of the Trøndelag and eastern Norway 
regions were 500 m and 150 m, respectively. The Rondane 
region was flown with a spacing of 2.5 km and constant 
altitude of c. 1500 m above sea level and is consequently 
a quite coarse dataset with low resolution. The coastal 
region of western and central Norway was surveyed within 
the Coop project (Crustal Onshore-Offshore Project) 
with a line spacing of 250 m and a drape altitude of 60 
m (Novatem, 2012, 2014; Nasuti et al., 2015; Olesen et al., 
2015). The fjord and mountain region of western Norway 
was drape-flown with an altitude of 200–700 m and a line 
spacing of 1 km (Eon, 2014; Nasuti et al., 2015; Olesen et 
al., 2015). Parts of central Norway have, in addition, been 
covered with helicopter-borne magnetic data for mineral 
exploration (Nasuti et al., 2015; Rodionov et al., 2015). 
The IGRF field was calculated and subtracted from the 
levelled survey lines to produce the magnetic anomalies 
of the survey areas. Aeromagnetic data collected on the 
Norwegian mainland prior to 1976 and aeromagnetic data 
from Sweden (Korhonen et al., 2002a) have been merged 
with the more modern fixed-wing and helicopter-borne 
surveys (Nasuti et al., 2015; Olesen et al., 2015). The cell 
size of the final grid is 100 x 100 m. 

Gravity data

The gravity compilation has been described by Skilbrei et 
al. (2000) and Olesen et al. (2010) (Fig. 5). The compiled 
dataset was merged with gravity data in Sweden (from the 
2.5 x 2.5 km Fennoscandian grid; Korhonen et al., 2002b). 
The compiled free-air dataset has been interpolated to 
a square grid of 2 x 2 km using the minimum curvature 
method (Briggs, 1974; Geosoft, 2005). The Airy-Heiskanen 
‘root’ (Heiskanen & Moritz, 1967) was calculated from 
a smoothed version of the compiled topographic and 
bathymetric dataset (Fig. 1b). The gravitational attraction 
from the ‘root’ was calculated using the AIRYROOT 
algorithm (Simpson et al., 1983). The isostatic residual 
was achieved by subtracting the gravity response of the 
Airy-Heiskanen ‘root’ from the observed Bouguer gravity 
data. The Airy isostatic residual map (Fig. 5) provides an 
improved image of crustal structures compared with 
traditional free-air and Bouguer gravity maps.

Depth to Precambrian basement 

We have constructed a map showing the depth to the 
Precambrian basement in southern Norway (Fig. 6). The 

is found directly on the basement. To the southwest, the 
Middle Cambrian Alum Shale Formation is deposited 
directly onto the basement.

The Lower Allochthon consists in the southeastern area 
of Lower Cambrian sedimentary rocks thrusted above 
the Middle Cambrian Alum Shale Formation (Sole 
Thrust, Gabrielsen et al., 2015). Towards the central part 
of the Caledonian Orogen, Ediacaran metasedimentary 
rocks and basement slices, as well as the ‘basement 
windows’, are included into the Lower Allochthon. The 
slices of basement rocks in the Lower Allochthon show 
that the sole thrust of the Lower Allochthon must be 
located within the Precambrian basement (Gee et al., 
2010; Robinson et al., 2014).

There is a clear difference between the Middle and the 
Lower Allochthon. The Middle Allochthon consists of 
sedimentary rocks that were deposited along the margin 
of the Fennoscandian Shield, the Särv Group with 
dolerite dykes related to the opening of the Iapetus Ocean 
(Gee, 1975), UHP rocks of the Seve Nappe Complex and 
Precambrian augen gneisses. 

Ladenberger et al. (2014) have studied the Seve Nappe 
Complex and concluded that the Seve UHP eclogites 
formed at 441 Ma during an initial collision of Baltica 
with Laurentia. The exhumation of the Seve Nappe 
Complex resulted in the formation of Silurian foreland 
basins and the authors also suggested that the thrusting 
of the Seve Nappe Complex took place at 420 Ma. 

At the southeastern front of the Caledonides, 
autochthonous Cambrian sediments were deposited 
on the Precambrian basement, which was undeformed 
during the subsequent Caledonian Orogeny. The 
old Early Cambrian peneplain shows only gentle 
undulations. One exception occurs in the area on the 
northeastern side of Lake Storsjøen where the Ediacaran 
tillite is deposited on the Trysil granite. A similar 
sequence also occurs close by in the Lower Allochthon 
due to an out-of-sequence thrusting (Sæther & Nystuen, 
1981).

The paleosurface of the Precambrian basement is 
important for the understanding of Caledonian and 
Permian faulting and deformation. The peneplain is well 
exposed along the Caledonian front. In particular, on 
the western side of lake Mjøsa it is cropping out on the 
slopes of the valleys. Hardangervidda is a culmination 
with a slope to the northwest along the western part of 
Hardangervidda and a slope facing northeast in the area 
between Hardangervidda and Mjøsa (Bjørlykke, 1979; 
Gabrielsen et al., 2015). On the eastern side of Mjøsa the 
slope is again facing northwest. Caledonian deformation 
of the peneplain is difficult to identify. 
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Figure 4. Aeromagnetic compilation from central and southeastern Norway. The estimated depth to the Precambrian basement is shown with 
white contours. Late-Caledonian detachments (Séranne, 1992; Braathen et al., 2002; Osmundsen et al., 2006; Robinson et al., 2014) are shown 
as blue lines with the barbs towards the downthrown side. The grey line depicts the location of the interpretation profile shown in Figs. 8 & 9. 
The yellow line indicates the interpreted southeastern boundary of Caledonian deformation of the Precambrian basement. The black circles 
show the locations of the Hamar and COSC boreholes.
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Figure 5. Gravimetric isostatic residual map of central Norway and adjacent areas (Olesen et al., 2010). The estimated depth to Precambrian 
basement is shown with black contours. Late-Caledonian detachments are shown as blue lines with the barbs towards the downthrown side. 
Profile 1 depicts the location of the interpretation profile shown in Figs. 8 & 9. The yellow line indicates the interpreted southeastern boundary 
of Caledonian reworking deformation of the Precambrian basement. The black circles show the locations of the Hamar and COSC boreholes.



A. Bjørlykke & O. Olesen8

 

Figure 6. Depth to Precambrian basement in central and southeastern Norway based primarily on magnetic depth estimates by Knut Åm (in 
Nystuen, 1981) and gravity models in Trøndelag, Jotunheimen and Vestlandet (Skilbrei & Sindre, 1991; Skilbrei et al., 2002; Mekonnen, 2004; 
Olesen et al., 2007a, b). Late-Caledonian detachments (Séranne, 1992; Braathen et al., 2002; Osmundsen et al., 2006; Robinson et al., 2014) are 
shown as blue lines with the barbs towards the downthrown side. Profile 1 depicts the location of the interpretation profile shown in Figs. 8 & 9. 
The yellow line indicates the interpreted southeastern boundary of Caledonian deformation of the Precambrian basement. The black circles show 
the locations of the Hamar and COSC boreholes.
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depth map (the surface of the Precambrian basement), 
is generalised and simplified. In the Sparagmite Region 
the metasedimentary rocks are practically non-magnetic, 
whereas some of the rock units inside the Jotun Nappe 
Complex and the Trondheim Nappe Complex are highly 
magnetic and relatively dense. Within the Sparagmite 
Region, the map is a reproduction of the published contour 
map of depth to magnetic basement (by Knut Åm in 
Nystuen, 1981). It is considered to reflect undulations of the 
crystalline basement-cover interface. The applied straight 
slope method assumes that the basement has a varied 
magnetisation that seems to be the case for the Precambrian 
crust in southern Norway (Fig. 4). Over large areas, this 
surface is the so-called ‘sub-Cambrian peneplain’ (Nystuen, 
1981), on which the erosionally truncated magnetic bodies 
occur (some bodies may also occur beneath this surface). 
The south and central Norwegian Caledonides include 
the Trondheim Nappe Complex, Jotun Nappe Complex 
and Caledonian rocks in the greater Hardangerfjorden 
area. In the area encompassing Trøndelag, Dovrefjell and 
Jotunheimen, the depths are based on gravity models. In 
a transect from Trondheim to Storlien, the gravity models 
were constructed by Wolff (1984), Skilbrei & Sindre (1991), 
Skilbrei & Kihle (1998) and Skilbrei et al. (2002). Elsewhere 
in Trøndelag a model was constructed by Mekonnen 
(2004). An estimate of the uncertainty is that the maximum 
depth of the Caledonian nappes is in the interval 8 km 
to 12 km in the Trondheim Nappe Complex. Beneath 
the Jotun Nappe Complex, it is 6–10 km (Skilbrei, 1990). 
South and southwest of Jotunheimen, the depths are based 
on the dips of units measured on geological sections that 
appear in geological maps at a scale of 1:250,000 published 
by Lutro & Tveten (1996), Nordgulen (1999), Siedlecka et 
al. (1987) and Sigmond (1998). The depicted basement 
surface is smoothed and simplified and is considered to 
represent the base of the supracrustal units of Cambro–
Silurian age, or the bottom of the Caledonian allochthon. 
This basement depth surface was also discussed by Ebbing 
et al. (2012). In the present contribution we have extended 
the surface to the autochthonous sedimentary rocks below 
the Caledonian front (Koistinen et al., 2001) by including 
the height of this structure in the gridding process. The 
previous versions were truncated at the depth of sea level. 
The depth surface has a more pronounced relief in the 
Sparagmite Region than in the other areas. This is partly 
due to the higher resolution of the depth to magnetic 
basement estimates. Relatively flat-lying magnetically 
transparent nappes are situated on top of the magnetic 
basement.

A borehole near Hamar confirms the depth to basement 
calculated by Åm in Nystuen (1981) and the basement 
contact was intersected at a depth of 770 m (Midttømme 
et al., 2007; Olesen et al., 2007a; Elvebakk & Lutro, 2008). 
The depression at Hamar is in good agreement with the 
depth to basement map showing a depression towards 
the north–northwest. This depression is situated near 
the Mjøsa Mylonite Zone in the Precambrian basement 
(depicted as Mylonite Zone in Fig. 3). 

Linking geology and geophysics 

The new magnetic and gravimetric maps of Southeast 
Norway with superimposed depths to basement are 
shown in Figs. 4 & 5. The basement depressions mapped 
by Knut Åm in the Sparagmite Region (Nystuen, 1981) 
occur in the Eastern Segment (Fig. 3) to the east of 
the Mjøsa Mylonite Zone, and west of the relatively 
undeformed TIB rocks (Gaal & Gorbatschev, 1987; 
Henkel & Eriksson, 1987). These rocks are c. 1700 Ma 
old rhyolites, granitic intrusions and gabbros (Larson 
& Berglund, 1992). The three basement depressions are 
unique along the Caledonian front in southern Norway 
with a depth to basement of 3 to 4 km. We have named 
the depressions the Atna, Fåvang and Åsta basins from 
north to south (Figs. 4–6). The slopes of the basin 
margins are rather steep with gradients in the order of 
1:10 and 1:5. 

The basement windows can be followed on the 
aeromagnetic map from the Skardøra Antiform near 
Storlien on the Stjørdal–Åre profile (Hurich et al., 
1988, 1989; Palm et al., 1991; Hurich, 1996; Hurich & 
Roberts, 1997; Juhojuntti et al., 2001; Gee et al., 2010; 
Hedin et al., 2012), towards the Atnsjø window in the 
southwest (Fig. 4). The magnetic signature reflects the 
deformation in the allochthonous basement (Gee et al., 
2010). As pointed out by Nystuen (1981), the highs are 
continuous with the basement windows in the northern 
part of the Sparagmite Region (Fossen et al., 2013). 
The windows that form the axial culminations of an 
antiformal ridge extend from Aurland and Valdres in 
the southwest to the Storlien area at the Norwegian–
Swedish border in the northeast. The basement depths 
can represent culminations and depressions arranged 
en echelon and parallel to the antiformal ridge along the 
southeast margin of the Trondheim Nappe Complex, 
and a common origin for the basement undulations is 
likely (Nystuen, 1981). In fact, the observation that “the 
sedimentological boundaries, thrust planes and basement 
domes bend parallel in the windows and the basement 
flexures in the Sparagmite Region, suggest late- and/or 
post-Caledonian age for these structures” (Nystuen, 1981).
In the Femunden area near the Swedish border, the 
TIB basement is deformed and the main lineation 
trend changes from NNW–SSE to NE–SW (Fig. 3). 
As described in several publications (e.g., Gee, 1975; 
Dyrelius, 1980; Hurich et al., 1988, 1989; Roberts 
& Stephens, 2000; Gee et al., 2010; Robinson et al., 
2014), the basement will gradually become more and 
more involved in the Caledonian deformation to the 
northwest. The major thrust under the Atnsjø Window is 
probably the continuation of the out-of- sequence Storli 
Thrust in Trollheimen. 

The depth to basement map shows depths in the order 
of 8 to 12 km in central Trøndelag , which indicate the 
presence of the Storli Thrust below the Middle and Upper 
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allochthons (Robinson et al., 2014, p. 262, Fig. 13). Also 
Gee et al. (2010) show an early thrusting of the Middle 
Allochthon before the thrusting of the allochthonous 
basement. Slices of Precambrian basement can also be 
found in the Osen–Røa Nappe Complex on the eastern 
side of Lake Storsjøen at Andrå (Sæther, 1979). The 
Moelv Tillite is here deposited directly on autochthonous 
Precambrian granite, and a few hundred metres to the 
north slices of granitic basement with overlying Moelv 
Tillite are thrust onto the autochthonous successions 
which indicate a very short distance of transport. Sæther 
(1979) related the thrusting of the basement to a late 
D4 deformation (Sæther & Nystuen, 1981). The out-of-
sequence thrusting in the Osen–Røa area was proposed 
as one of two models by Nystuen (1983) and has also 
been described by Lamminen et al. (2011).

The strong Caledonian lineation in the basement in the 
Femund–Storsjøen area can be extended to the west. We 
will call this line the southeastern magnetic limit of the 
Caledonian deformation of the basement (yellow line in 
Figs. 4–6 and green line in Fig. 7). The Atna depression/
basin is situated south of the Atnsjø window and the slope 
of the basement surface is very steep and may indicate 
a thrusting of the basement onto the parautochthonous 
sediments. The Fåvang basin also has a similar steep 
slope to the northwest that may reflect a continuation of 
the basement culmination to the southwest.

The thrust zone separating the allochthonous basement 
from the autochthonous basement is probably located in 
the lower part of these two basins. The location and the 
shape of the Åsta basin are somewhat different. It may 
be a combination of a primary basin with Ordovician/
Silurian subsidence and a Caledonian out-of-sequence 
thrusting.

Due to the presence of the magnetic Jotun Nappe 
Complex west of Mjøsa and Gudbrandsdalen, the 
magnetic structures in the basement are more difficult 
to interpret in this area. On the 1:100,000 bedrock 
map-sheet Aurdal, Strand (1954) found two slices of 
Precambrian rocks in the Osen–Røa Nappe Complex. 
At Haugen 5 km west of Aurdal (Fig. 4), a slice of 
Precambrian basement with overlying Lower Cambrian 
sedimentary rocks has been thrust above a thin unit of 
autochthonous sediments. Strand (1954) concluded that 
the slice originated from the local basement and that the 
peneplain had been deformed.

The Vangsås Formation was not intersected by the 
drillhole north of Hamar (Fig. 4), and the drillhole 
therefore marks the southern limit of thrusting of the 
Vangsås Formation in the Osen–Røa Nappe Complex 
in the Mjøsa region. The distance from the borehole 
at the northern limit of the autochthonous Vangsås 
Formation to the limit of the Caledonian deformation of 
the basement (the green line in Fig. 6) is approximately 

100 km. This is the same setting as described above from 
Andrå at the northern part of Storsjøen (Fig. 4). 

Post-Caledonian faults also affect the structures, 
including faults related to the Oslo Rift, and many fault 
zones may represent reactivated Precambrian fault-/
weakness zones. Most faults are parallel to the NNW–
SSE-trending Mjøsa Mylonite Zone, and lineaments 
in the magnetic map can be seen along the Engerdal, 
Rendalen and Osen fault zones (Nystuen, 1975a, b, 
1976a, b, c, 2008; Nystuen et al., 2008; Gabrielsen 
et al., 2017) indicating that they have activated the 
underlying Precambrian fault structures. The basement 
structures are influencing the basement topography 
and sedimentary facies in the Lower Cambrian. Galena 
mineralisations in the autochthon of Early Cambrian 
age occur close to the fault zones and also indicate 
tectonic movements at that time. Veins in the basement 
with sphalerite and galena mineralisations at Storuman 
in Sweden have been dated by Billström et al. (2012) to 
536 ± 13 Ma. The Engerdal, Rendalen and Osen fault 
zones have also been active during the Permian and 
by interpreting the depth to basement map, vertical 
movements in the order of 500 metres can be estimated 
(Fig. 6). 

Discussion

Deformation of the autochthonous Precambrian 
basement

Based on a compilation of detailed stratigraphic work 
in the Lower Cambrian, Nielsen & Skovsbo (2010) 
constructed several palaeogeographic maps of the 
Fennoscandian Shield. The Early Cambrian sea formed 
a bay in the Mjøsa area during transgressive periods. On 
the western side of Mjøsa, the slope of the Precambrian 
basement was about 2–3 degrees to the northeast, 
whereas the basement had a northwesterly slope on the 
eastern side of Mjøsa. This is probably reflecting the 
primary palaeosurface on the Fennoscandian Shield. 

The three basins or depressions interpreted by Knut 
Åm (Nystuen, 1981) between the Mjøsa Mylonite Zone 
and Rendalen occupy small areas. They are, however, 
relatively deep (3–4 km) and are unique along the 
Caledonian front in southern Norway. Because of their 
small size (500 to 1000 km2) they cannot have hosted the 
sediments of the Hedmark Group. The steepest slopes are 
on the northern sides of the basins. The depressions have 
been explained by late-Caledonian subsidence (Devonian 
collapse?) by Nystuen (1981). Such a subsidence, 
however, is not reflected in the surface geology (Fig. 7). 
In our opinion the best explanation for these structures is 
thrusting/imbrication of the basement in a 3–4 km-deep 
basin during Devonian out-of-sequence thrusting. In 



NORWEGIAN JOURNAL OF GEOLOGY Caledonian deformation of the Precambrian basement in southeastern Norway 11

Finnmark, northern Norway (Fig. 1), several extensional 
structures in the marginal part of the Fennoscandian 
Shield have been described by Gayer et al. (1987) who 
showed how these early extensional structures had 
been reactivated during compression and thrusting of 
the Precambrian basement. A similar process with early 
extension and later compression has probably affected 
the northern part of Gudbrandsdalen.

Magnetotelluric anomalies (Cherevatova, et al., 2014) 
indicate a 10 km-thick and 80 to 100 km-long electrical 
conductor underneath the Middle Allochthon and 
Upper Allochthon in the vicinity of Profile 1 (Figs. 4–7) 
between Fåvang and Dovrefjell (Cherevatova, et al., 2014) 
and suggest that the lower part of this main anomaly 
may be related to the presence of Sveconorwegian rocks. 
The authors of the study suggested that the upper part, 

Figure 7. Simplified tectonic map of central and eastern Norway based on Koistinen et al. (2001). The estimated depth to Precambrian basement 
is shown with black contours. Caledonian detachments (Séranne, 1992; Osmundsen et al., 2006; Robinson et al., 2014) are shown as blue lines with 
the barbs towards the downthrown side. Profile 1 depicts the location of the interpretation profile shown in Figs. 8 & 9. The green line indicates 
the interpreted boundary of Caledonian deformation of the Precambrian basement. The red circles depict the locations of the Hamar and COSC 
boreholes. 
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 approximately 5 km, is related to Cambro–Silurian 
metasedimentary rocks. However, it is difficult to 
separate Precambrian metasedimentary rocks from the 
younger metasedimentary rocks. We suggest that the 
deep conductor may represent graphite schists of the 
Brøttum Formation. The main anomaly terminates at the 
large Late Devonian normal fault in the Dovrefjell area. 
The magnetotelluric survey is therefore supporting the 
model of a depression located north of Hamar developing 
into a rift basin farther to the north–northwest.

Collision with Laurentia

Robinson et al. (2014) have divided the collision between 
Baltica and Laurentia into four stages, Stage 1 being the 
emplacement onto the Baltoscandian continental margin 
of a sequence of thrust sheets. In Trollheimen, many units 
of the Lower Allochthon are missing and the Åmotsdal 
Quartzite (equivalent to the Vangsås Formation?) is 
deposited directly on Precambrian basement, both 
on the Upper and the Lower basement, and there is no 
indication of the presence of thick rift-related sediments. 
The nappes of the Middle Allochthon are thrusted onto 
the Åmotsdal Quartzite. Stage 2 represents recumbent 
folding of both the basement and the nappes, Stage 3 is 
an out-of-sequence Devonian thrusting (Storli Thrust) 
and Stage 4 is represented by a low-angle detachment.

Middle Allochthon (Kvitvola Nappe Complex, 
including the Rondane and Valdres nappes)

The Middle Allochthon consists mainly of meta-
morphosed sediments from the western margin of the 
Fennoscandian Shield and Precambrian augen gneisses 
(Lamminen et al., 2011). On the Swedish side, high-
grade metamorphic rocks with 442 Ma old UHP rocks 
containing microdiamonds have been found within the 
Seve Nappe Complex in Åreskutan (Ladenberger et al., 
2014). The exhumation and partial melting of the Seve 
rocks took place at around 430 Ma. The thrusting of 
the Seve Nappe Complex was probably associated with 
the formation of Silurian foreland basins, which later 
became deformed during the terminal stages of the 
Scandian orogeny. Ladenberger et al. (2014) suggested 
a long period of continent-continent collision due to 
the large depth of the UHP metamorphism and further 
suggested that the thrusting of the Seve Nappe took place 
at 420 Ma. The Precambrian basement windows can be 
followed from Storlien to the Atnsjø window. Within the 
area of 1:50,000 map-sheets Atnsjøen (Siedlecka, 1979) 
and Sollia (Siedlecka, 1981), the Middle Allochthon rests 
either directly on the basementor upon the Moelv Tillite 
(Siedlecka & Ilebekk, 1982), the Vangsås Formation 
or in a few places on the Ringstrand and Alum Shale 
formations. Here, it is therefore difficult to define a sole 
thrust in the Alum Shale between the basement and the 
basal thrust plane of the Middle Allochthon. This is also 
confirmed by the lack of electrical conductors in the 
magnetotelluric survey in the Atnsjø Window (Smirnov 
et al., 2018). We interpret the structures in the basement 
and in the sedimentary cover under the Kvitvola Nappe 
Complex to be imbrications and minor thrusting related 

Autochthonous
basement

Hjerkinn Gjøvik

Vangsås and Ekre shale fms.
Lower Cambrian sed.

Alum shale

Brø�um forma�on

Biri fm Moelv �llite

Ring FmBiskopås congl.

Middle Allochthon

Faults

Figure 8. Geological section (Profile 1) through the Hedmark Basin during the thrusting of the Middle Allochthon at the end of the Silurian. 
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to the transport of this nappe complex. This has parallels 
with the Åreskutan profile shown in Fig. 2.

There are still unanswered questions related to the early 
thrusting of the Middle Allochthon in the Rondane 
district and more data are needed, both geophysical 
surveys and radiometric dating. The deformation of 
the autochthonous/parautochthonous sedimentary 
succession between the Precambrian basement and the 
Middle Allochthon should be looked at closer. Stage 1 
in the collisional history described in a cross-section 
by Robinson et al. (2014) explains the difference in the 
composition and in the structural development of the 
Precambrian rocks between the Lower and Middle 
allochthons (Fig. 8).

Lower Allochthon

Emplacement of the Lower Allochthon is interpreted 
to relate to out-of-sequence thrusting (Storli Thrust) 
of Early Devonian age that is clearly younger than the 
thrusting of the Middle Allochthon (Ladenberger et 
al., 2014; Robinson et al., 2014). In the Østersund–
Trondheim profile, the thrust zone between the 
autochthonous and the allochthonous Precambrian 
basement corresponds to the Storli Thrust. In the 
Rondane district the thrust plane must be located below 
the deep rift basins because of the primary contact 
between basement and the Rendalen Formation. 

Gee et al. (2010) distinguished between autochthonous 
basement and allochthonous basement. The basement 
window (Skardøra Antiform) close to the Norwegian 

border belongs to the allochthonous basement. The 
folding of both basement and the Middle Allochthon 
indicates that the thrusting of the allochthonous 
basement occurred after the thrusting of the Middle 
Allochthon (Stage 2, Robinson et al., 2014). The seismic 
interpretations by Gee et al. (2010, 2016) are differing 
substantially from previous gravity modelling in the 
central Trøndelag area. Rui & Grønlie (1975), Åm et al. 
(1975), Wolff (1984), Skilbrei & Sindre (1991), Skilbrei 
& Kihle (1998), Skilbrei et al. (2002), Mekonnen (2004) 
and Ebbing et al. (2012) all interpreted a depth extent 
of the stacked Caledonian nappes in the order of 7–12 
km, whereas Gee et al. (2010, 2016) presented a depth 
of a few hundred metres below sea level of the Lower 
to Upper allochthons. We think that a significant part 
of the allochthonous basement interpreted by Gee et al. 
(2010, 2016) in the central Trøndelag area belongs to the 
Upper Allochthon as indicated in Figs. 4–7 in the present 
paper. Reflection seismic data can reveal thrust zones but 
not characterise the lithologies of the rocks between the 
individual thrusts.

The profile in Fig. 2 indicates a thrusting of more than 
50 km, exclusive of the shortening of the basement 
rocks (Stage 3, Robinson et al., 2014). The thrusting of 
the basement windows and shortening of the basement 
as shown in Fig. 9 occurred contemporaneously with 
the transport of the Hedmark Basin out of its original 
position into a large, complex inverted fold (i.e., the 
Ringsaker inversion, Skjeseth, 1963). The southwestern 
limit of the Hedmark Basin is probably located where 
there is a change in the magnetic pattern from a distinct 
NNW–SSE Precambrian basement lineation to a more 
Caledonian NE–SW lineation. This indicates a complex 

+                                          +                                                        +          +          +  +          +
+          +          +                              +          +                       +            +         +          +  

+         +          +                                                                                    
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Figure 9. Geological section (Profile 1) subsequent to the Devonian out-of-sequence thrusting.
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 nappe structure below the basement window, which is 
also shown in the Østersund–Trondheim profile (Gee 
et al., 2010). This structural complexity is expressed by 
Precambrian basement slices in the Osen–Røa Nappe 
Complex in the northern part of Storsjøen and to the 
north of Storsjøen. Comparing the magnetic map with 
the geological map, there is a spatial relationship between 
the southeastern limit of Caledonian deformation of the 
Precambrian basement and the occurrence of basement 
slices in the above-lying nappe complex.

Southeast of the Caledonian deformation front in the 
Precambrian basement, the Osen–Røa Nappe Complex 
is thrusted above the Precambrian basement and a thin 
cover of autochthonous Cambrian sedimentary rocks 
(Fig. 9). The Osen–Røa Nappe Complex continues all the 
way to the Oslo Region (Bruton et al. 2010).

Conclusions

The topography of the Precambrian basement 
surface indicates a broad basin between Lillehammer 
and Rena which continues to the north–northwest 
following Sveconorwegian structures as shown on the 
aeromagnetic map. During the collision of Baltica with 
Laurentia, extensional faults were reactivated and the 
basin became subdivided into smaller structures with 
steep slopes on the northwestern parts of the depressions. 
Based on a magnetotelluric survey (Cherevatova et 
al., 2014), the basin can be followed below the Middle 
Allochthon to the north to Dovrefjell where it terminates 
at a late normal fault along the southern boundary of the 
Upper Allochthon.

The Middle Allochthon with the Kvitvola Nappe 
Complex was thrusted onto the Baltoscandian margin of 
the Fennoscandian Shield at around 420 Ma and resulted 
in the formation of Silurian foreland basins. The Early 
Devonian Osen–Røa Nappe Complex was probably 
emplaced along the out-of-sequence Storli Thrust. The 
thrusting involved the sedimentary cover including 
deposits in the Hedmark Basin and the basement below 
the basin. The distance of transportation of the Osen–
Røa Nappe Complex may have been in the order of 100 
km. 
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