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Sammanfattning 
 
Småskaliga skjuvzoner och deformation i migmatit på Åreskutan   
Johanna Gottlander 
 
Årekomplexet består av den delvis smälta bergarten migmatit, vilken härstammar 
från den subduktionszon som bildades vid kollisionen av kontinenterna Baltica och 
Laurentia. Det är en så kallad varm skolla som förmodligen varit djupt begravd i 
subduktionszonen, baserat på fynd av mineral i migmatiten som bildas vid höga 
tryck. Dock har skollan återvänt till ytnära djup under kontinentalkollision, genom 
exhumeringsprocesser. Då skollan färdas upp genom subduktionszonen minskas det 
litostatiska trycket och berget genomgår uppsmältning. Efter att skollan har återvänt 
till mellersta skorpans djup har den kylts och transporterats österut längs en 
överskjutningszon. 

Det är allmänt accepterat att skjuvzonen mellan Årekomplexets migmatit och 
underliggande Seve är en mylonit, men frågan huruvida liknande skjuvzoner finns på 
andra platser i migmatitkomplexet har nu lyfts. I detta projekt har två huvudsakliga 
skjuvzoner identifierats med bestämd skjuvriktning, efter detaljerad kartering på 
Åreskutan. Många mindre skjuvzoner har också identifierats där skjuvriktning varit 
svårare att avgöra. De två huvudsakligt identifierade skjuvzonerna har fått namnen 
östra stora skjuvzonen och västra stora skjuvzonen. I dessa skjuvzoner hittas den 
ursprungliga migmatiten deformerad med en top till öster skjuvriktning. Det starkaste 
beviset för skjuvriktning är granater mantlade av glimmer i en sigma-typ 
mikrostruktur. Viss grad av mylonitisering av mineral kan ses i mineralstrukturen där 
matrix är finkornigt i skjuvzonernas mitt. Det visar på en mestadels plastisk eller 
duktil skjuvning, även om vissa mineral visar indikationer för spröd deformation. 
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Abstract 
 
Small-Scale Shear Zones and Deformation in Migmatite on Mt. Åreskutan 
Johanna Gottlander 
 
The Åreskutan nappe complex consists of the partly molten rock migmatite, which 
originates from the subduction formed by the collision of continents Baltica and 
Laurentia. It is a so-called hot nappe, which has been deeply buried in the subduction 
zone, based on findings of high-pressure minerals in the migmatitic gneiss. As the 
nappe returned to shallower depths the rock was partially molten during the 
subsequent exhumation as the lithostatic pressure decreased. Tectonic forces led to 
thrusting of the nappe towards the east and the building of mount Åreskutan. 

It is generally accepted that the shear zone between the migmatite of the 
Åreskutan Nappe and the underlying Lower Seve Nappe is a mylonitic shear zone, 
but the question of whether similar shear zones can be found at other sites in the 
migmatite complex has now been raised. In this project two major shear zones have 
been identified and shear direction has been determined after detailed geological 
mapping. Many small shear zones have also been identified, but their sense of shear 
direction was more difficult to determine. The two major shear zones identified have 
been labelled the Eastern Major Shear Zone and Western Major Shear Zone. In 
these shear zones the original migmatite appearing on Åreskutan is deformed and 
sheared with a top to the east sense of shear. The strongest evidence for 
determining the shear sense are garnets found mantled by micas in a sigma-type 
shear microstructures, found during microscope analysis. A grade of mylonitization 
can be seen in the mineral microstructures, with the most fine-grained matrix in the 
centre of the shear zones. It indicates that ductile deformation dominates, even 
though some minerals tend to break in a brittle manner. 
 
Key words: Shear zone, migmatite, Åreskutan, deformation, garnet 
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1. Introduction 
 
Not much is known about the small shear zones in the migmatite found on the 
Åreskutan Nappe, although several researchers have identified the basal shear at its 
border with the underlying Lower Seve Nappe (Törnebohm, 1896; Gosh et al., 1979; 
Arnbom, 1980; Klonowska et al., 2014). It is unlikely that this basal shear zone is the 
only location where strain localize during thrusting of the Åreskutan Nappe. Recently 
small shear zones on Åreskutan have been identified and this project aims to map 
and identify these shear zones. 
    There are two main questions aim to be solved in this thesis. i) where are these 
shear zones located and do they connect in the Åreskutan general syncline? ii) what 
is the shear sense in these deformation zones? Microstructures that indicate the 
directional sense of shear are expected to be found by microscopic observations of 
samples from shear zones, which may be related to the deformation of the 
mesoscale deformation zones.  
 
1.1. Background: The Caledonian orogeny 
 
The Caledonian orogeny took place about 450 Ma as a result of the collision of 
Baltica and Laurentia continents. The orogen stretches over the western parts of 
Sweden and covers most of Norway. It can be traced down to the northern parts of 
the United Kingdom and northwards up to Svalbard and Franz Joseph Land, islands 
entirely consisting of Caledonian bedrock (Gee et al. 2008). The spreading of the 
mid-Atlantic ridge led to the breakup of the super continent Pangea, and hence to the 
division of the Caledonian orogen. The result is that large parts of the Caledonides 
are found on the North American continent. These parts are represented by the 
Appalachians and cover the east coast of the United States and Canada. Caledonian 
bedrock is also found on Greenland (Figure 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Map showing the extent of the Caledonian orogeny (Gee et al. 2008) 
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    The Caledonian orogeny is believed to once have been of Himalayan size (Gee et 
al., 2010; Labrousse et al., 2010) and the building of the mountain range is estimated 
to have taken about 300 Ma, starting with the early stages of the Iapetus Ocean 
formation in the Precambrian, about 700 Ma. In an extensional basin sandy 
sediments were deposited, and later intruded by dike swarms. These lithologies are 
characteristic for the Särv Nappe (Figure 2). By early Cambrian the basin was 
replaced by a large ocean, the Iapetus Ocean, where life had begun to thrive, with 
deposition of calcareous sediments. Meanwhile, deep-sea clay-rich sediments and 
more coarse-grained and near-shore coastal sands continued to deposit. Rock types 
originating from these environments are for example the Alum shales (Robinson et al. 
2008). During the Ordovician period, about 50 Ma later, the sea began to close again 
due to subduction of oceanic plates and contraction of the Iapetus Ocean. Volcanic 
island arcs associated with the subduction generated volcanic rock types.  
    About 420 million years ago the Iapetus Ocean had closed and a continental 
collision between Baltica and Laurentia led to the formation of the Caledonian orogen 
(Torsvik et al. 1996). Bedrock originating from deep within the subduction zone, 
volcanic rocks, sandstones, limestones and shales were compressed and stacked in 
sequence on top of each other, creating allochthons and building high mountains. 
These rocks have been metamorphosed to different extent due to the subduction and 
following continental collision.  
 
1.2. The Scandinavian Caledonides 
 
In what now is western Scandinavia, large allochthons where thrust towards the east 
onto the Baltoscandian basement, and was folded together with Precambrian 
bedrock on the continent. The weak layer of the Alum shale enabled transport of the 
overlying units at least 100 km eastwards, which led to sequences of overthrusting 
that have been puzzling scientists for more than a century (Törnebohm, 1888). One 
such intriguing feature in the Swedish Caledonides are rock types of different 
metamorphic grades that are found superposed on each other, where the sequence 
of metamorphic grade is inverse (i.e., high metamorphic grade rocks overlying low 
grade rocks). 
    In Scandinavia four major tectonic units (Figure 2) have been recognised: the 
Autochthon, Lower Allochthon, Middle Allochthon and Upper and Uppermost 
Allochthon (Kulling, 1972; Roberts and Gee, 1985).  
 
1.3. Autochthon 
 
The Autochthon is described as the Fennoscandian Shield, mostly consisting of felsic 
igneous rocks, e.g. granites and rhyolites. This bedrock represents the base of the 
orogen, underlying the allochthons, which have been thrust onto it. The autochthon 
also consists of an unconformably overlying sedimentary rock cover of limestone and 
shale, and among those the Cambrian Alum shale, which can have significant 
thickness due to repeated stacking (Gee et al. 2013). Because of the weak 
sedimentary cover, deformation localised in this part of the autochthon, and the 
underlying basement is weak. 
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Figure 2. Tectonic map of the Scandinavian Caledonides (redrawn from Gee et. al. 2013) 
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1.4. Lower Allochthon 
 
The Lower Allochthon consists of more than 90% sedimentary rocks but has 
chunks of rhyolitic basement in klippes, for example at Hoverberget, Frösön and 
Mullfjället, and windows of basement consisting of granite, rhyolite and sandstone. 
The magmatic rocks are overthrusted by sedimentary rocks with fluvial origin, 
shales, limestones and greywackes originating from the inner margin of Baltica 
(Gee et al. 2013). 
 
1.5. Middle Allochthon 
 
The lower part of the Middle Allochthon, originating from the outer margin of Baltica, 
includes deformed basement-derived rocks like coarse-grained augen gneiss, 
mylonitic and cataclastic granites and sediments, but also sandstone of the Offerdal 
Nappe, and sandstone intruded by dike swarms, in the Särv Nappe (Gee et al. 
2013).  
    The upper part of the Middle Allochthon refer to the Seve Nappe Complex. In 
central Jämtland the Seve Nappe Complex can be divided into Lower and Middle 
Seve Nappe. The Lower Seve consists of a mix of metasedimentary rocks (e.g., 
gneisses and calc-silicates) and amphibolites. The Middle Seve Nappe (known also 
as the Åreskutan Nappe) contains amphibolites, psammites and granulite facies 
migmatites and gneisses. Amphibolite facies metasandstone, schist, marbles and 
some ultramafites are also found here. Additionally, ultrahigh-pressure rocks that 
originate from the outermost margin of Baltica and that were deeply subducted 
belong to the Middle Seve Nappe (Majka et al., 2014). After exhumation from the 
subduction channel and emplacement in the crust, the Middle Seve Nappe has been 
suggested to extrude as a tectonic wedge at about 430 Ma (Grimmer et al., 2015). 
 
1.6. Upper and Uppermost Allochthons 
 
The Upper Allochthon consists of the Köli Nappe Complex, which originates from the 
Iapetus Ocean and is dominated by ophiolites, calcareous phyllites, greywackes and 
conglomerates. However, the lower part of Köli Nappe Complex consists of 
volcanites (Gee et al. 2013). 
    In the Uppermost Allochthon Laurentian fauna is found. Rock types that belong to 
this part of the unit are calcite and dolomite marbles, carbonate conglomerates, 
breccias and turbidites (Roberts et al. 2008). 
 
1.7. Mt Åreskutan 
 
Åreskutan is a mountain in Jämtland belonging to the Seve Nappe Complex of the 
middle part of Middle Allochthon (Gee et al. 2013). The base of the mountain consists 
of the Lower Seve amphibolite facies mica-schists, quartzo-feldspathic rocks, 
amphibolites, pegmatites and calc-silicates (Arnbom, 1980), whilst the rocks on 
Åreskutan are mostly granulite facies migmatite gneisses (Figure 3). The parent rock 
type of this migmatite is difficult to determine, but it is thought to be originating from 
the dike-intruded sandstones of Särv. Recent findings of micro diamonds indicate 
that the Middle Seve Nappe was potentially much more deeply subducted than 
previously expected (e.g. Klonowska et al. 2014; Majka et al. 2014). The 
development of large-scale thrust shear zones occurred when nappes were thrust on 
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top of each other, such as the formation of the basal shear zone at Mörvikshummeln, 
which divides the Åreskutan Mountain from the Lower Seve Nappe.  
    In these shear zones minerals are strained due to simple shear, and therefore 
deformed. In garnet, deformation can generally be considered as brittle at 
temperatures lower than 600-800 °C and ductile at temperatures above (Passchier & 
Trouw 1996), however this also depends on factors such as strain rate and stress. As 
garnet is much stronger than quartz and feldspars at these temperatures it does not 
deform plastically when isolated in a quartzo-feldspathic matrix (i.e., it acts as a rigid 
marker in the matrix), which provides opportunities to study shear sense indicators 
with this mineral. It is widely accepted that the rock type found in the basal shear is a 
mylonite, indicating that deformation must have been ductile as the migmatite cooled 
and allowed formation of mylonites. The basal shear zone has been dated and 
analyses show that it is ca six Ma younger than the overlying migmatite on the 
Åreskutan nappe (Majka et al., 2012).   
    The folding in the migmatite nappe is superposed, and although evidence of 
superposed folding is convincing, it is difficult to distinguish the different stages and 
generations of folding events. Recumbent folds are thought to represent the earliest 
folding in the migmatite, and a series of tight folds joined by the large open folds 
(Åreskutan synform) appear to be youngest in the migmatite gneiss (Ghosh et al. 
1979).  
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Figure 3. Geological map of Åreskutan and nearby surroundings, reprinted with permission 
of the Swedish Geological Survey, SGU.     
 
2. Methods 
 
2.1. Field work and sample collection 
 
Mapping was carried out during six days in the end of August, 2014. The mapped 
area was located above the Mörvikshummeln basal shear and focused mainly on the 
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upper parts of the Åreskutan nappe. Structural measurements were made using a 
Silva Compass Ranger and a Garmin GPS 60 was used to mark locations of 
outcrops (to an accuracy of ±3 m). In total 112 locations were visited but due to a 
GPS failure the first 13 points were registered in a false position. These points were 
manually added to the map in QGIS using elevation lines and the compass. The 
source of the vector files for maps was Lantmäteriet, using the coordinate system 
SWEREF99TM. All GPS locations are provided in appendix A.  
    At every outcrop notes were made, and when possible geological measurements, 
which included foliation, mineral stretching lineation and fold axis. Appendix A lists all 
measurements, collection data and GPS locations and appendix B shows these 
locations on a map. 19 oriented samples were collected, from which eight were 
subsequently determined representative for the shear environment and selected for 
microscope investigation. For thin section preparation these eight samples were cut 
perpendicular to the foliation and when possible parallel to the mineral stretching 
lineation (Figure 4), in order to study microstructures and sense of shear in 
microscope analysis.   

 
Figure 4. Thin sections are cut along X and Z axes. The direction of Y is the normal to X.    
 
2.2 Data processing and figure preparation 
 
A geological map with structural measurements was created to show locations of 
shear zones, with profiles showing cross sections drawn in InkscapeTM. Equal area 
nets were produced using the program Steronet 9 (Cardozo & Allmendinger, 2013), 
to show pole to foliations, general fold axes directions and mineral stretching 
lineations. Light microscope analysis was used to study geological microstructures.  
    Abundant, minor and accessory minerals and microstructures found during 
microscope analysis are presented in appendix C. 
 
3. Results 
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Figure 5. Structural mapping of the Åreskutan-nappe. 
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3.1 Large scale and mesoscale structures 
 
By measuring foliation found in shear zones it was apparent that the foliation on Mt 
Åreskutan is generally dipping gently westwards. More than one generation of 
foliation can be identified, resulting from successive and superposing geological 
deformation events. Five distinct shear zones are identified, besides the basal shear 
zone at Mörvikshummeln (Figure 5).  
    In Tväråvalvet, a tight antiform is found consisting of a coarse-grained felsic rock 
type. The fold axis can be traced a few hundered meters eastwards. Folds similar to 
this antiform are generally tight and are not found within shear zones. At Lillskutan 
and at Åreskutan summit, recumbent folds were found. Here relatively well-preserved 
melanosome is found surrounded by foliated leucosome and mesosome.  
    In profile A (Figure 6) the foliation of the Mt Åreskutan synform is presented, 
whereas profile B show the foliation measured in shear zones. In this profile thrusts 
can be interpreted to dip gently towards west. In profile C layers are also dipping 
gently towards west, and here the Tväråvalvet antiform can be identified.  
 
 

 
Figure 6. Profiles A, B and C (from Figure 5) showing foliation in shear zones on Mt 
Åreskutan. Vertical exaggeration 2:1. 
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    The measured geological data has been summarized in equal area nets (Figure 7). 
As seen in Figure 7a the pole to foliation data shows that foliation is dipping gently 
towards west-northwest. The fold axes tend to be plunging at low angle towards west 
but are generally sub-horizontal and can also be found plunging gently towards the 
east (Figure 7b). The lineation, similarly, is oriented along an east-western axis and 
sub-horizontal (figure 7c). The data shows a small angle between fold axes and 
lineation, but the amount of data is limited.   
 

 
Figure 7. Schmidt equal-area nets showing: A) Poles to foliation B) Fold axes and C) 
Streching lineations 
 
    The migmatite is in many places retrogressed and sometimes so weathered it 
pulverizes when sampled. The rock types vary in composition from porous, mafic and 
biotite-rich, to felsic and plagioclase-rich; in some places they are widely separated, 
but most commonly these rock types are found together. The mafic rock type 
(melanosome) floats in a felsic matrix that can be considered either as leucosome or 
as mesosome. The quartzo-feldspathic of the leucosome/mesosome matrix often 
carry mica and has a deflected foliation around the mafic inclusions, the latter 
appearing seemingly undeformed. In shear zones, the leucosome and the 
melanosome are seen folded and strained together (Figure 8). The mesosome is 
here defined by its intermediate colour, as it is uncertain if it really is representative 
for the parent rock of the migmatite. 
    In the Åreskutan-nappe on the upper part of the mountain two particularly large 
shear zones were found, both at >1000 m above sea level. They are here referred to 
as the Western Major shear zone and the Eastern Major shear zone (Figure 8). The 
Western Major shear zone is located above Tväråvalvet and is most easily reached 
by following the route to Huså. The foliation here is finely banded and is seen 
distinctively in the melanosome as well as the leucosome and mesosome (Figure 8). 
The grain-size is generally fine with some marginally larger garnets; kyanite is found 
15 m above the shear zone. 
    The Eastern Major shear zone is found close to Blåstenen and here as well the 
mafic melanosome is found folded together with leucosome and mesosome in a 
distinctly banded foliation. The outcrops in the Eastern Major shear zone are better 
exposed than at the Western, and are therefore easier to study. 
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Figure 8. Eastern (left) and western (right) major shear zones. The left photo shows how 
leucosome, melanosome and mesosome are tighly (recumbent) folded.  
 
3.2 Microstructural analysis 
 
Shear sense indicators in this migmatite-mylonite are found microscopically; here 
sigma class structures in garnets are the most desired feature in order to identify the 
sense of shear. Micas, mostly biotite, build a strain shadow and mantle garnets and 
sillimanite (Figure 9). A summary of the shear sense indicators is presented in Table 
1. Structures that are not in the immediate center of the shear zone have better 
preserved mirostructures, where grain-size reduction during mylonitization is not very 
developed and shear sense indicators are easy to find (Figure 9c). In thin sections 
that are from highly sheared environments, in the middle of shear zones, grain size is 
generally finer. Quartz and micas show a fabric flow in places and are evidently 
plastically deformed, whereas garnets are brittle and tend to break apart (figure 9a, 
d). Microstructures in these thin sections are more chaotically distributed and it is 
more difficult to find clear sense of shear indicators (figure 9d)  
    Most microstructures found have dextral shear sense, and relative dextral rotation 
of garnets (i.e. clockwise rotation), although some exceptions are found in the thin 
sections from the most brittle deformed areas. Other microstructures found include 
banding in micas, phi type shear indicators around garnets, quartz ribbons, deformed 
K-feldspars and micro-boudinage (Figure 10; Table 2).  
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Figure 9. Examples of microstructures in migmatite-mylonite, arrows indicate shear sense. 
A) JG07, brittle deformed garnet surrounded by quartz and biotite in a sigma-type shear 
structure. B) JG19, large clast of sillimanite and micas are skewed top to the right. C) JG08, 
sigma-class garnet with mica tails shows top to the right sense of shear. D) JG18, brittle 
deformed garnet in shear zone but with sigma type indicators in the mica tails. 
 

Sample Microstructure Shear direction Shear 
sense  

Foliation  
(dip/dip direction) 

JG07 Foliation, sigma type shear 
in garnet 

Top right ** Top east  180/20 

JG08 Foliation, sigma type shear 
in garnet 

Top right ** Top east  196/32 

JG18 Foliation, shear bands, 
sigma type in garnet 

Top right * Top 
northeast  

305/29 

JG19 Foliation, sigma type shear 
in garnet  

Top right * Top east  354/16 

Table 1. Shear sense indicators identified in four samples. Mineral summary and 
microstructures in all thin sections investigated are provided in appendix C. * Sample has 
been mirror-reversed to account for thin section being studied upside down in microscope. ** 
Sample has been rotated to account for dip direction at location of sample and mirror-
reversed to account for thin section being studied upside down in microscope. 
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Figure 10. Examples of microstructures in migmatite-mylonite. A) JG17, dynamically 
recrystallized quartz, occurring in ribbons. B) JG16, shear bands in quartz. C) JG17, 
amalgamation in garnet. D) JG15, boudinage in quartz. 
 

Sample Microstructures Mesostructures 

JG15 Boudinage in quartz Tväråvalvet fold  

JG16 Shear bands in quartz  Tväråvalvet fold 

JG17 Dynamical recrystallasion in 
quartz and garnet 

Overlying eastern major shear zone 

Table 2. Table of microstructures found in 3 samples. Mineral summary and microstructures 
in all thin sections investigated found in appendix C.     
 
    The most interesting structure besides mantled garnet in this study is the 
amalgamation observed in garnets (Figure 10c), which indicate dynamic 
recrystallization. The quartz ribbons (Figure 10a) also indicate a dynamic 
recrystallization. Boudinage (Figure 10d) and shear bands (Figure 10b) in quartz are 
found in the Tväråvalvet antiform, indicating that extension has operated in this 
antiform.  
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4. Discussion 
 
All structural data are pointing towards transport and possible stretching in the ENE-
WSW directions and shortening in WNW-ESE directions, as fold axes are stretching 
in directions east-northeast/west-southwest and folding is seen in direction 
perpendicular to stretching.  

 
Figure 11. Top east shear sense both in eastern major shear zone (to the left) and in 
western major shear zone (to the right). Right picture has been rotated to better demonstrate 
that the shear sense is alike in both shear zones.  
 
    The shear indicators in the microphotographs show that the shear sense is 
generally top to the east in both the Eastern and Western Major Shear Zones (Figure 
11). Although the sense of shear is coherent in the eastern and western major shear 
zones, there is no convincing evidence that they are in fact connected. However, a 
connection between the western major shear zone and the shear zone underneath 
the top station of the cable car is probable. Here the foliation in both shear zones 
seems to be folded in the Åreskutan syncline indicating that the shearing event 
occurred before the large-scale folding event that resulted in the formation of the 
Åreskutan synform. If this is the case, it is certain that the shear zones are older than 
the folding (Figure 12). 
    More research, such as dating of these shear zones and more detailed structural 
mapping is needed to confirm this hypothesis.  
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Figure 12. Schematic illustration of inferred fold structures on Åreskutan along profile A on 
structural map (Figure 8).     

 
Figure 13. Schematic illustration of inferred thrust sheets on Åreskutan along profile B on 
structural map (Figure 8). The western and eastern boundaries of the basal shear zone are 
somewhat obscure.  
 
    The foliation is general dipping gently westwards on Åreskutan, and in sheared 
environments the dip tends to be marginally steeper, indicating that these shear 
zones possibly divide different thrust sheets (Figure 13), although this hypothesis 
requires further investigation. 
    The different stages of deformation in the Åreskutan complex are challenging to 
unravel. A multistage deformation is likely, and a good indicator for this is that the 
migmatites found on Åreskutan are retrogressed. However, the formation of ductile 
shear zones indicates that part of the deformation occurred during or after cooling of 
the migmatite, although at temperatures that allowed ductile deformation.  
    As garnets found in thin sections are cracked they have suffered brittle 
deformation, but whether they deformed during or prior to thrusting is unclear. Most 
garnets are broken in a brittle manner, and are found within shear zones. However, in 
sample 17 garnets are in part found in an amalgamation, indicating dynamic 
recrystallization, which is also indicated by quartz ribbons in the same sample. These 
relations between ductile and brittle deformation in the sheared migmatite relate to 
different strain and stress conditions. Brittle deformation probably occurs later than 
the ductile deformation event, possibly when the migmatite was cooler, for example 
during the last stages of emplacement and deformation. The question of why garnets 
accumulate stress and break in a brittle manner when they are enclosed in a soft 
quartzo-feldspatic matrix remains to be answered. 
    Further investigation of the pressure and temperature conditions, as well as dating, 
of these shear zones would be useful to obtain greater insight into the deformation 
history of the Åreskutan Nappe and the Middle Seve Allochthon in general.   
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5. Conclusion 
 
Shear sense in shear zones is top to the east, indicating that shear zones formed 
during the orogeny, while the allochthons were thrusting eastwards. It is also 
apparent that the Major Eastern and Western Shear Zones, identified in this work, 
represent a later generation of deformation than the original emplacement of 
migmatite. In the overthrusting related to continental collision the bedrock of the 
Åreskutan nappe was thrusted towards the ENE, as indicated by microstructural 
evidence, and likely shortened along the NWN-ESE axis, as indicated by the mapped 
orientation of folds.  
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