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The NE-SW striking Møre-Trøndelag Fault Complex (MTFC) is a key element in the structuring of Mid Norway. Studies of remote sensing data 
show that the fault complex has a width that exceeds 50 km. Within this zone, characteristic structures include folded, mylonitic km-wide sinistral 
detachment zones, truncative, steep, discrete fault strands and numerous smaller fracture-lineaments. Repeated reactivation is revealed through a 
range of fault rocks, spanning from mylonites to unconsolidated breccias and gouge. Brittle structures fall in two categories, (i) major fault strands, 
and (ii) wider, intervening damage zones hosting fracture-lineaments that, by field checking, are confirmed to be smaller faults. In the coastal region 
of Fosen and Vikna, major fault trends that relate to the MTFC are approximately NE-SW striking, whereas smaller faults are seen as three main sets 
with E-W, N-S, and NW-SE orientations. Outcrop studies show that steeply dipping to vertical NW-SE faults of the Fosen Peninsula (Osen area) 
are characterised by c. 1-km regular spacing. They host mylonites found as clasts in cataclasites and a late overprint of tensile fractures. These fault 
rocks probably relate to the latest Caledonian, extensional denudation and unroofing of the region. Studies of N-S faults reveal similar characteris-
tics. Resolved movement on NW-SE faults divides into dextral horizontal separation of some tens of metres at the most, and an additional dip-slip 
component. In contrast, one studied NE-SW fault strand of the MTFC, the Drag fault of Vikna, reveals extensive deformation in a broad zone of 
mylonites and cataclasites. These rocks are cut by dm-scale layers of non-cohesive breccia and gouge. The latter fault products likely relate to Juras-
sic or even later faulting and associated, near-shore basin formation. We conclude that major NE-SW fault strands of the MTFC have experienced 
multiphase reactivation in the Phanerozoic, which is in contrast to the intervening, broad damage zones. They are basically unaffected by late to 
post-Caledonian deformation events.
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Introduction 
The regional implications of the fault complexes of the 
Mid-Norwegian continental shelf have frequently been 
the focus of attention because of their potentially great 
bearing on the hydrocarbon systems in the area (Buco-
vics & Ziegler 1985; Gabrielsen et al. 1984; Withjack et 
al. 1989; Grunnaleite & Gabrielsen 1995; Lundin & Doré 
1996; Vågnes et al.  1998; Gabrielsen et al. 1999; Pascal 
& Gabrielsen 2001). Many of these faults can be traced 
onshore, through the near-shore regions into what con-
stitutes the basement to the nearby sedimentary basins, 
hence offering the possibility for assessing offshore-
onshore structural links. In this light, onshore basement 
faults can yield detailed information regarding for exam-
ple transport directions, reactivation history, and depth 
and age of faulting (e.g., Gabrielsen & Ramberg 1979;  
Grønlie & Roberts 1989; Fossen et al. 1997; Gabrielsen et 
al. 1999; Smethurst 2000; Osmundsen et al. 2002). This 
is reflected by research efforts over the last decade, fol-
lowing an increased requirement for more detailed data-
bases, which motivated cooperative onshore-offshore 
projects, bringing industry, academia and Geological 
Surveys together. Examples include major onshore-off-

shore projects in West (Smethurst 2000) and Central 
Norway (e.g., Eide 2002).

In this contribution, we present detailed analyses of fault 
zones from Central Norway, along the northern part of 
the regional Møre-Trøndelag Fault Complex (MTFC). 
The study areas are located on the Fosen Peninsula and 
the Vikna archipelago (Figs. 1 and 2). A feature of spe-
cial interest is that the evolution of some of these faults 
can be directly linked to near-shore Jurassic basins (Bøe 
1991; Sommaruga & Bøe 2002), whilst others can be 
related to movements along the MTFC. Our goal is to 
highlight faulting episodes and structural characteristics 
of the regional scale damage zone bounding the northern 
margin of the major MTFC. 

Structures of the Mid-Norwegian shelf
A N-S trending Late Palaeoproterozoic(?) structural 
grain, marked by fracture systems and dyke swarms, 
is ubiquitous in the western part of the Fennoscandian 
Shield (e.g., Gabrielsen et al. 2002). These systems have 
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been regarded as rift-related precursors to the opening of 
the Iapetus Ocean (Andréasson 1994). Somewhat more 
locally, the same trend is important in the shelf areas. 
In addition, NNW-SSE and NW-SE striking structures, 
which are prominent throughout western Scandinavia, 
including the Gudbrandsdal-Värmland-Västervik tec-
tonic zone (Ramberg et al. 1977; Strömberg 1978; Berth-
elsen & Marker 1986; Gabrielsen et al. 2002), also seem to 
have counterparts offshore. The offshore NW-SE trend 
includes the regionally important but diffuse Bivrost and 
Surt Lineaments (Blystad et al. 1995; Doré et al. 1997; 
Olesen et al. 2002) and the well documented Jan Mayen 
Fracture Zone (e.g. Talwani & Eldholm 1977) although 
no direct link between the onshore and offshore system 
has been observed when geophysical signature is con-
cerned (Olesen et al 2007).

It is well known that the main Caledonian, regional 
structural grain trends NE-SW in Mid Norway. How-
ever, recent studies have revealed a much more complex 
situation, partly arising from polyphase folding (Roberts 

1986), but also in connection with the latest Scandian 
extension and exhumation event, which activated both 
E-W (e.g. Chauvet & Séranne 1994) and NW-SE struc-
tural grains (e.g. Braathen et al. 2000; Osmundsen et al. 
2002; Olesen et al. 2002; Skilbrei et al. 2002). 

Bearing in mind the observed dominant offshore struc-
tural trends, it would be reasonable to suggest that the 
basement structural grain, which includes Palaeoprotero-
zoic, Late Neoproterozoic and Early Palaeozoic (Caledo-
nian) elements, influenced the Late Palaeozoic to Ceno-
zoic structuring offshore Mid Norway. Of these trends, 
the N-S to NNW-SSE and the NE-SW are dominant, 
whereas the subordinate NW-SE trend is still of some 
importance, although its influence is poorly constrained. 
The present paper particularly concentrates on the char-
acteristics of some of the NW-SE trending structures. In 
addition, one major NE-SW and one N-S structure are 
presented for comparison. We discuss their potential 
implications for the offshore structuring, and their rela-
tionship to the regionally very important MTFC.
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Fig. 1. Regional map, 
emphasising major shear 
zones that were active 
during extensional denu-
dation of the Caledonides. 
They bound basement 
windows within the pre-
sent distribution of Cale-
donian nappes. Associa-
ted Early-Mid Devonian 
basins are located. Most 
of the shear zones show 
indications for later reac-
tivations. 
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Latest Caledonian to post-Caledonian 
template in the vicinity of the Møre 
 Trøndelag Fault Complex
The MTFC is one of several large fault zones that transgress 
from the mainland on to the shelf (Fig. 1). Each of the fault 
zones has a long and complex evolution, as seen by the pres-
ence of mylonites and superimposed cataclasites, breccias 
and gouge (Grønlie et al. 1991; Watts 2001). These fault 
rocks probably reflect a gradual unroofing of the region 
through a series of tectonic events, spanning from the final 
stages of the Scandian orogeny until present (Grønlie & 
Roberts 1989; Grønlie et al. 1994; Gabrielsen et al. 2002; 
Braathen et al. 2004; Redfield et al. 2005). The regional shear 
zones possibly initiated as major extensional structures that 
developed during tectonic denudation of the orogen (e.g., 
Andersen 1998). This is exemplified by the steep MTFC that 
interacted with low-angle extensional detachment zones, 
both towards the SW (Nordfjord-Sogn Detachment Zone; 
Osmundsen & Andersen 2001) as well as northwards (Høy-
bakken and Kollstraumen detachment zones; Sérrane 1992; 
Krabbendam & Dewey 1998; Braathen et al. 2000, 2002; 
Nordgulen et al. 2002; Osmundsen et al. 2003, in press) and 
at depth (Hurich 1996). Some of the major shear zones were 
subject to vertical separation that exceeded 50 km (Dewey 
et al. 1993; Andersen et al. 1994).

During extension, rocks in the hangingwall of the detach-
ments were affected mainly by low-grade metamorphism 
and semi-ductile to brittle deformation throughout, and 
characterised by faulting and associated basin formation. 
Footwall rocks recorded unroofing from high-grade and 
ductile, to low-grade and more brittle conditions (Ander-
sen & Jamtveit 1990; Osmundsen & Andersen 2001; Braa-
then et al. 2004; Kendrick et al. 2004). Early-Mid Devonian 
of supradetachment basins in general had their provenance 
in hangingwall, Scandian nappe rocks (Steel et al. 1985; 
Cuthbert 1991; Osmundsen et al. 1998). However, recent 
results suggest that the uppermost successions in some of 
the basins also received an input of sediments from the 
footwall (Eide et al. 2003; Fonneland & Pedersen 2003). 
Hence, progressively deeper parts of the footwall surfaced 
during the orogenic denudation, maybe even revealing 
Proterozoic basement gneisses. In view of the structural 
setting, this unroofing suggests that brittle faulting also 
prevailed in these units. A regional burial and subsidence 
then occurred, as recorded by low-grade metamorphism in 
several of the Devonian basins (Roberts 1983; Sturt & Braa-
then 2001). This metamorphic episode is considered to be of 
Late Devonian to Early Carboniferous age (Steel et al. 1985; 
Bøe & Bjerkli 1989; Torsvik et al. 1986; Eide et al. 1997).

The MTFC is of particular significance for the correlation 

Fig. 2. Bedrock map of 
Central Norway, showing 
fault strands of the Møre-
Trøndelag Fault Complex 
(MTFC), the Høybakken 
and Kollstraumen deta-
chments, and Devonian 
and Jurassic basins. The 
study area is outlined.
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of the structural development of Central Norway because 
it clearly affects the distribution of onshore rock units 
(Lundqvist et al. 1996, Braathen et al. 2002; Osmundsen 
et al. 2003) and also the position and geometry of offshore 
basins (Blystad et al. 1995; Gabrielsen et al. 1999; Somma-
ruga & Bøe 2002). With its surrounding, regional damage 
zone, the MTFC is characterized by poly-phase defor-
mation including sinistral ductile shear in Early to Mid 
Devonian time in fairly wide, steeply dipping mylonitic 
zones (Grønlie & Roberts 1989; Grønlie et al. 1991, 1994; 
Redfield et al. 2004, 2005). Subsequent retrogression of 
mylonites and formation of cataclastites and pseudotachy-
lites (Sherlock et al. 2004) mark the transition into a more 
brittle deformation regime, with narrow fault strands 
developed along foldlimbs of the much wider and now 
tightly folded shear zones. The brittle fault strands have 
a long reactivation history, including brittle, oblique-slip, 
dextral strike-slip and normal fault episodes in the Late 
Devonian, Permo-Triassic, post Mid-Jurassic and Ceno-
zoic times (Grønlie et al. 1991; Gabrielsen et al. 1999; 
Redfield et al. 2005). The temporal framework of faulting 
along the MTFC can be further constrained through the 
existence of fault-controlled Jurassic basins. They appear 
in NE-SW oriented near-shore basins (Fig. 2) in Beistad-
fjorden (inner Trondheimsfjorden), in Edøyfjorden and 
around Griptarane near Kristiansund, and in Frohavet 

(Bøe 1991; Sommaruga & Bøe 2002). The three first basins 
are bounded by an approximately NE-SW trending fault 
associated with either the Verran or the Hitra-Snåsa fault 
strands of the MTFC (Fig. 2), whereas the basin-bound-
ing fault in Frohavet can be traced northeastwards into the 
study area of Vikna (Drag fault in Fig. 2).

The central strands of the MTFC can be traced from off-
shore the Møre region along the SE margin of the Central 
Norway basement window and across the Grong-Olden 
Culmination towards the Børgefjell basement window 
(Roberts 1986, 1998). On the Fosen Peninsula, the fault 
zone consists of two marked strands, the Hitra-Snåsa and 
Verran faults, with a surrounding network of accommo-
dation fault zones, which are all well displayed on satel-
lite scenes (e.g. Grønlie et al. 1991). The ENE-WSW to 
NE-SW grain of the MTFC basically affects a crustal sec-
tion from Trondheim in the south to Vikna and Leka in 
the north (Rindstad & Grønlie 1987; Titus et al. 2002; 
Redfield et al. 2004, 2005), but is best expressed along the 
segment made up of the major fault strands (Gabrielsen 
et al. 2002), which also marks the locations of the Jurassic 
basins. The main orientations of lineaments within and 
south of the MTFC are ENE-WSW, NNE-SSW and E-W 
(Rindstad & Grønlie 1987). Northeastwards, the trends 
are ENE-WSW, NW-SE and there are subordinate E-W 
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Fig. 3. Lineament 
map of the Møre-
Trøndelag region. 
Major lineaments 
are shown as red 
lines, whereas smal-
ler lineaments are 
displayed in blue .
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and N-S population (Rindstad & Grønlie 1987; Olsen 
2002). The N-S trend is also expressed as faults in the near-
shore Jurassic basins, apparently interacting with NE-SW 
master structures, whereas NW-SE faults form transfer 
structures within the basin realm (e.g. Sommeruga & Bøe 
2003). The NW-SE trend parallels major fracture zones 
of the North Atlantic, e.g. the Jan Mayen Fracture Zone. 
However, there seems to be no direct link between these 
mega-structures and the near-shore, smaller fault zones.

The study area is located to the western part of the Cen-
tral Norway basement window (Fig. 2). This tectonic 
window in the Caledonide allochthon consists mainly of 
high- and medium-grade orthogneisses (Möller 1998) 
with infolded tongues of supracrustal rocks of nappe 
origin. It was unroofed during large-scale movements on 
opposed, orogen-parallel, extensional shear zones (Braa-
then et al. 2000, 2002), namely the Høybakken (Sérrane 
1992; Osmundsen et al. 2006) and Kollstraumen exten-
sional detachments (Nordgulen et al. 2002). On the 
southwestern side of the window, one or more Devonian 
supradetachment basins are juxtaposed with rocks of the 
Central Norway basement window. They were sourced 
from their surrounding nappe rocks, but started to 
receive additional sedimentary input from the footwall 
mylonites and gneisses of the detachments at a late stage 
in their depositional history (Eide et al. 2003, 2005). 

Tectonic lineaments of the Fosen Peninsula
Landsat and aerial lineament mapping conducted in connec-
tion with the present study (Fig. 3) have revealed a pattern 
that is in general accordance with that obtained from regional 
lineament studies (Gabrielsen & Ramberg 1979; Gabrielsen 
et al. 2002) and also from more local fracture studies in the 
area (Aanstad et al. 1981; Rindstad & Grønlie 1987, Grønlie & 
Roberts 1989; Redfield et al. 2004, 2005). A frequency orienta-
tion analysis of the present lineament data shows that NE-SW 
to ENE-WSW (peak at N75E) and NW-SE (peak at N140E) 
trends are dominant. N-S and E-W to WNW-ESE trends are 
significant, but subordinate (Figs. 4 and 5). 

Fig. 4. Variation/frequency 
diagram for the greater study 
area (framed in Fig. 2)

Fig 5.  A) Strike of lineaments versus distribution in percent in the 
Osen area (Fig. 6). Gneiss foliation omitted. B) Length distribution 
of lineaments in the study area, plotted as length versus number of 
lineaments for he entire dataset. C) As for B, but for the NW-SE 
population. D) As for B, but for the N-S population. The N-S linea-
ments are less abundant, but longer than the NW-SE lineaments
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The ENE-WSW to NE-SW trend is, in many areas, 
consistent with the pronounced Caledonian foliation, 
which also corresponds with the regional trend of the 
MTFC. This makes a detailed interpretation and mean-
ingful statistical evaluation of the strain intensity diffi-
cult, although it is possible to distinguish between folia-
tion and fracture-lineaments as seen in satellite imagery 
and aerial photography in many places, especially where 
the foliation is folded and deviates from the grain of 
the faults. Nevertheless, mapping of the ENE-WSW to 
NE-SW trend is indeed important, because it provides 
markers that can be used to determine absolute dis-
placement across faults that are oriented transverse to 
this trend (see below). 

The N-S lineament population is not especially well dis-
played in the Landsat lineament data but is, clearly dis-
tinguishable in aerial photography. Here, the N-S linea-
ments are clear-cut features of high contrast, and stand 
out as regular, straight features in elevated areas (Fig. 6). 
They are also seen to define a part of the drainage system 
and some of the fjords. Albeit less frequent, these partic-
ular lineaments tend to be longer than those of the NW-
SE population (Fig. 5). 

The E-W lineament population (maximum azimuth of c. 
N110˚E) are rare in the study area. In a regional perspec-
tive, Gabrielsen et al. (2002) noted that E-W lineaments 
(N90˚E – N110˚E) are relatively common in the northern 
Trøndelag region. However, their significance is not well 
established, neither on a regional nor a local scale.

Of particular interest for the present study are the NW-

SE trending lineaments, which are characterised by a high 
frequency and relatively short lineament length. This 
population is well displayed in aerial photography (scale 
1:37,500; Fig. 6), where they appear as slightly curved 
topographic features of high contrast, several of which 
define drainage systems and fjords. Several of the linea-
ments are characterised by an anastomosing or splay-
type geometry, some also with segments arranged in an 
en echelon fashion. Others are clean-cut and straight. The 
lineament length varies between 0,5 and 6 km (Fig. 5c). 
The NW-SE-lineaments are, in some places, seen to off-
set the main Caledonian structural grain. 

Faults in the vicinity of Osen
Our approach to field studies of fracture zones has been 
that of Gabrielsen et al. (2002): Fracture-lineaments 
identified in remote sensing data are, by field control, 
generally classified as either joint zones with no displace-
ment, which are rare, or as fault zones with evidence of 
displacement. In the following, we describe the detailed 
architecture of the most significant fault sets of the Osen 
district and the Vikna islands. The focus has been on the 
NW-SE fracture-lineaments, whilst the N-S and NE-SW 
to ENE-WSW systems have been studied mainly for pur-
poses of comparison. No E-W faults were encountered in 
the field. In addition to the field investigation, a number 
of thin-sections have been studied in order to provide 
detailed characteristics of the fault rocks, as well as to 
confirm the relative age constraints introduced by super-
imposed faulting.
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Fig. 6. Sha-
ded relief map 
of Osen-area, 
Fosen Peninsula. 
Note the distinct 
NW-SE -orien-
ted topographic 
lineaments, as 
well as NE-SW 
lineaments that 
are parallel to 
the regional 
foliation in the 
bedrock.
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NE-SW to ENE-WSW trending faults.  NE-SW faults are 
not easily distinguished from foliation in remote sensing 
data (Fig. 6). However, faults of this set are in some places 
well exposed, as for example at Drag. This steep fault zone 
reveals a core of more than 5 metres width, surrounded 
by a c. 40 m-wide damage zone. A green, epidote-bear-
ing cataclasite makes up the bulk of the core, whereas the 
damage zone reveals layers and pockets of protocataclas-
ite in intensely fractured quartz-feldspathic gneiss. There 
are also dm-scale layers of poorly consolidated breccia, 
cut by continuous zones of non-cohesive breccia and 
gouge. This complexity is one that is commonly encoun-
tered along several of the major NE-SW faults, which dis-
play a whole range of fault rocks ranging from mylonites 
to cataclasites and breccias. The steep NE-SW fault zone 
at Drag is interpreted as a major structure that has seen 
polyphase activation in accordance with the evolution 
recorded along major fault strands of the MTFC (Grønlie 

et al. 1991; Watts 2002; Redfield et al. 2005). Its regional 
importance is also illustrated by a clear link to near-shore 
Jurassic basins (Sommaruga & Bøe 2002) located some 
kilometres to the southwest (Fig. 2).

N-S trending faults. N-S lineaments are faults that can be 
followed along strike for several kilometres. They display 
a combination of simple-fracture or anastamosing frac-
ture-network geometry. Widths of the topographic fea-
tures are between 10 and 50 metres, where damage zones 
envelop a fault core that varies in width between some 
centimetres and a few metres. All mapped N-S-faults are 
basically vertical, and are, in general, characterised by a 
zonation similar to that described by Braathen & Gabri-
elsen (1998, 2000); for example, fracture frequencies of 
the Osen fault vary from 0.5 fractures/m in the distal 
zones to more the 100 fractures/m in zones near its core. 
This core contains cataclasite and protocataclasite, with 

Fig. 7. Foliation map for the Osen area and position of distinct NW-SE lineaments. A) Poles to foliation of the bedrock gneisses plotted in lower 
hemisphere, equal area plot. B) Rose diagram of the strike of foliation for the entire area. C) Poles to foliation in the western part of the study 
area, close to lineament A, D) poles to foliation around lineament D, E) poles to foliation around lineament E, and F) poles to foliation around 
lineament C.
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clasts of ultramylonite and mylonite, the latter showing a 
semi-ductile style of deformation. In thin-sections, four 
different stages of grain-size reducing processes are iden-
tified (Olsen 2002), and the deformation products cover 
the entire range from plastic via semi-ductile to brittle 
deformation mechanisms.

NW-SE trending faults. Five well-exposed faults were selected 
for detailed study (lineaments A – D; Figs. 7 and 8). Due to 
the steep terrain, key localities were selected based on aerial 
photographs, geological criteria and accessibility. The distance 
between each lineament is strikingly regular and is in the 
order of 1 km. In more detail, the NW-SE faults display a rela-

tively diverse and complex geometrical architecture, includ-
ing different types of splays and intervening lensoid bodies, 
as well as interference patterns caused by neighbouring linea-
ments. Also, the lineaments vary considerably in topographic 
expression; from modest, eroded and overgrown depressions 
(lineament A; Fig. 8a) via well-defined zones of high fracture 
frequency without great relief (lineament C; Fig. 8b), to steep 
canyons with vertical margins several tens of metres in heigth 
(lineament D; Fig. 8c). The widths of topographic lineaments 
vary somewhat along strike, but are commonly in the range 
of 5 to 30 metres. 
 
Despite their variable appearance, all the investigated 
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Fig. 8. Typical topographic expression of lineaments in the study area. 
Notation refers to Figure 7. A) Lineament A seen from the NW. Note 
how it splits into two branches: A1 and A2. B) Lineament C as seen from 
the SSW. C) Lineament D has a sharp topographic expression, which 
basically express the width of the damage zones. View is from the SE.

Fig. 9. A) Fracture profile from fault C, showing the fracture frequ-
ency versus distance to fault core. B) Frequency versus dip of recor-
ded fractures around fault A. C) Frequency versus dip of recorded 
fractures around fault B. D) Frequency versus dip of recorded fractu-
res around fault C.
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NW-SE faults of the Osen area have a similar general 
architecture. They contain a core of fault rocks, varying 
in width from less than 10 cm to 1 m, which is enveloped 
by damage zones. Fracture frequencies are 50 –100 frac-
tures/m in the core and diminishing outward to 2-5 frac-
tures/m in the distal parts of the damage zones (Fig. 9a). 
The majority of fractures are steep, dipping between 90˚ 
and 60˚ (Figs. 9b-9d). Fractures of the core are generally 
short (< 1 m) compared to the damage zones. Analysing 
the damage zones in more detail, it is clear that two main 
fracture systems occur. One is subparallel to the first-
order structure, and has moderate frequencies (<5-10 
fractures/m) of long fractures (> 10 m). This set is bound 
by, or in places replaced by, a population of two fracture 
sets basically oriented symmetrically around the core of 
the fracture-lineament, with the trend of the lineament 
within the acute bisector. This population reveals fre-
quencies in the range of 2-5 fractures/m.

Despite the narrow fault core, there is a variety of fault 
rocks present. Commonly, fragments of mylonites are 
encountered among the clasts in the main rock type, a 
cataclasite to protocataclasite (Fig. 10a). Ultracataclasite 
is commonly found in the most intensely deformed parts 

of the core. In places, parts of the core can be seen to split 
into lenses with their long axes oriented parallel to the 
walls of the fault core. Such lensoid features are com-
monly intensely fractured. Fracture surfaces of the fault 
core are frequently covered with mineral coatings, mainly 
quartz, chlorite, epidote and calcite. Quartz and epidote 
are also seen to fill irregular veins. In other veins, epidote 
is found together with prehnite. Very fine-grained quartz 
veins, up to 20 cm wide,  occur in the cores of some faults 
(Fault B). They tend to transect networks of quartz and 
epidote veins as well as layers of ultracataclasite. Based 
on the observed cross-cutting relationships, a relative 
chronology can be established, from oldest to youngest; 
(i) mylonites, (ii) quartz-epidote veins, (iii) cataclasites, 
and subordinate (iv) quartz- and calcite-filled veins.

Microscopically (Figs. 10b,c,d), the fault rocks encoun-
tered along the NW-SE faults in the Osen area reveal 
textures and cross-cutting relationships in accord with 
the mesoscopic chronology. The mineralogy also has a 
bearing on metamorphic conditions during faulting. The 
mylonites, mostly present as fragments in cataclasites, 
show evidence of dynamic recrystallisation of especially 
quartz, which suggests relatively high-temperature con-

Fig. 10. A) Green, epidote-rich cataclasite with red feldspar clasts of fault C. B) Mylonites in quartz-feldspathic gneiss. Note recrystallization of 
quartz to form polygonal, euhedral stingers of smaller grains (arrows), which is consistent with dynamic recrystallisation. C) Protocataclasite 
to cataclasite where the matrix is characterized by secondary epidote, with preserved clasts of the host rock. Note two high-strain zones (arrows) 
that cut through the other fault rock. D) Ultracataclasite laminae (arrow) in cataclasite.
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ditions during deformation. This is further supported by 
co-existing mineral parageneses (quartz-chlorite-epidote-
prehnite) consistent with metamorphic conditions of the 
lower greenschist facies. In some thin-sections, relicts of 
mm-wide fractures filled with a similar, subhedral miner-
als can be seen. They cross-cut the mylonitic fabric. 

The general appearance of cataclasites is that of mm- 
to cm-thick bands of ultracataclasite that are hosted by 
layers and laminae of cataclasite and protocataclasite. 
Deformation is truly brittle, as demonstrated by exten-
sive granulation through intra- and transgranular frac-
turing. The ultracataclasite reveals a weak granulation 
fabric defined by tails of abrasion products from larger 
clasts, and rows of disintegrated clasts. Clast shapes vary 
from rounded (highly abraded) to irregular and angular 
(poorly abraded).

Two generations of tensile fractures are present. These 
fractures cross-cut all cataclasites and they are filled with 
fibrous quartz and euhedral calcite.

Displacement along the NW-SE faults
In the Proterozoic basement of Mid Norway, a lack of 
good markers generally hampers detection of the sense 
of displacement along smaller faults. Commonly, slip-
analyses are based on slickenside lineations and related 
structures (fibrous mineral growth, etc.). The slickenside 
method can be used to resolve the final movement, but 
may be problematic in cases where multi-stage deforma-
tion and reactivation has occurred.

Due to the modest displacement that characterises the 
NW-SE faults, it has been possible to identify marker hori-
zons in the gneisses that could be utilised in the displace-
ment analysis. Fault A transects migmatitic, banded gneiss 
that contains steeply dipping tabular pegmatite dykes. 
Several single dykes in a characteristic group of dykes 
were correlated across one of the splay faults of the main 
fault. The determined horizontal component is around 
4 metres in a dextral sense. With similar means, the dex-
tral separation of the master fault strand was established 
to be nearly 20 metres, whereas total vertical separation is 
around 10 metres (Fig. 11). Fault B offers similar condi-
tions for observation, revealing a dextral horizontal offset 
of 20 metres and a vertical (minimum) separation of 8 
metres. For Fault D, correlation of the two steeply-dipping 
contacts between a granite and a diorite, suggests a dextral 
separation of 20 metres. Fault E has a minimum dextral 
component of 8 meters, as determined from correlating a 
distinct, c. 5 m-wide, vertical granitic dyke. No informa-
tion regarding the vertical component of movement could 
be determined in the last two cases. 

The displacement analyses were in some cases supported 
by slickenside data. However, fresh fracture surfaces with 

lineations are scarce at most localities in the Osen area. 
Where present, recorded slickenside lineations are con-
sistent with a dominant strike-slip movement.  Fig. 12a 
displays lineations as recorded from one of the traverse 
(NW-SE) faults in the Osen area, whereas Fig. 12b shows 
the situation for a series of small faults associated with 
the Drag fault. The latter is one of the major ENE-WSW-
striking strands that splays out from the greater Møre-
Trøndelag Fault Complex.   

Discussion
Fault rocks and regional unroofing 

The lack of specific age determinations for fault rocks 
of the Osen area precludes any firm correlations with 
known regional events. However, as this part of the Fosen 
Peninsula lies within the Central Norway basement win-
dow, one can draw some inferences regarding faulting 
conditions and chronology from the established unroof-
ing history of the window. The window was unroofed 
and possibly partly exhumed during the latest-Scandian, 
late-orogenic extensional denudation of the Caledonides 
(Braathen et al. 2000; Bingen & Nordgulen 2002; Nord-
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Fig. 11. A) Fault C in gneiss with vertical granitic dike suggesting 
displacement as indicated by arrows. B) Displacement pegmatite 
dike (arrows) by approximately 4 m, as indicated by red line in a 
branch of fault C.



69

gulen et al. 2002). During exhumation, the area formed 
the footwall to two major extensional detachments 
(Braathen et al. 2000, 2002; Nordgulen et al. 2002), and 
is likely to have been rising in the crust due to unroof-
ing during progressive, ductile, normal fault movements 
(Kendrick et al. 2004; Osmundsen et al. 2006). At a later 
stage, into Early Carboniferous time, uplift and related 
cooling caused the deformation style of the window to 
change from dominantly ductile to brittle (Braathen et 
al. 2000, 2002). Extension continued through the Meso-
zoic as evidenced from the development of near-shore 
Jurassic basins. This suggests that the area was in a sur-
face position, or only slightly buried, at this time. Apatite 
fission track (AFT) data (Redfield et al. 2004, 2005) con-
firm that the area remained in this position throughout 
the Mesozoic in the vicinity of the MTFC. 

From the established temporal framework, most of the 
observed mylonites formed under low- to medium-grade 
metamorphic conditions, and hence record ductile defor-
mation that occurred before the final unroofing of the 
basement window. These fault rocks are considered to 
relate to the Silurian to Early Devonian, Scandian tectono-
metamorphic event in the area (Møller 1988; Schouenborg 
et al. 1991; Nordgulen et al. 2002). Alternatively, they may 
reflect shear zones cutting into progressively lower levels as 
the Devonian unroofing developed, following the recently 
established unroofing history, spanning into the Late 
Devonian and Carboniferous, as discussed by Kendrick et 
al. (2004) and Osmundsen et al. (2006).

The subsequent, brittle activation of the NW-SE faults, 
accompanied by cataclasites, would then be most readily 
correlated with the latest- to post-Scandian structuring 
of the MTFC. The fault complex offers a host of possi-
bilities for tectonic reactivation, spanning from the Late 
Palaeozoic to Cenozoic (Grønlie & Roberts 1989; Gabri-
elsen et al. 1999). However, the study area is likely to have 
entered the brittle regime during a late phase of exten-

sional denudation of the Caledonides, which roughly 
correlates with the Late Devonian to Early Carboniferous 
(Eide et al. 2003, 2005; Kendrick et al. 2004; Osmund-
sen et al. 2006). Considering the deformation style and 
the abundance of epidote in the cataclasites, which is a 
regionally widespread fault rock (Grønlie et al. 1991; 
Watts et al. 2004, Osmundsen et al. 2006), it is reasonable 
to suggest such a date for this development. Still, some 
pseudotachylites of the MTFC, that are associated with 
epidote-bearing cataclisites, yield Permian ages (Sherlock 
et al. 2004), suggesting that the fault activity of this stage 
continued well into the Permian. Later fracture events 
could be consistent with minor reactivation in the Meso-
zoic. In this context, it is also of interest to note that the 
unconsolidated breccias and fault gouge that characterise 
the NE-SW trending Drag fault have not been encoun-
tered in the NW-SE and N-S trending faults of the Osen 
area. These fault rocks are most likely to be of Jurassic age, 
but they may also have seen reactivation in the Cenozoic 
(cf. Grønlie & Torsvik 1989). This suggests a shorter and 
strictly older evolution in the Osen area of the basement 
window compared to areas adjacent to major strands of 
the MTFC.

Implications of the NW-SE faults at Osen
According to Gabrielsen et al. (2002), the NW-SE faults 
of the Central Norway basement window differ signifi-
cantly from the regional NW-SE lineament population 
that occurs elsewhere in the Caledonides and within the 
Fennoscandian Shield of southern Norway and Sweden 
to the east and southeast (Fig. 13A). The Osen NW-
SE faults are shorter and narrower and they terminate 
abruptly against the most easterly strands of the MTFC.  
Also, the trend of the NW-SE faults of the Osen area is 
slightly more northerly than that of the sub-parallel 
regional lineaments of the mid Norwegian shelf (Fig. 
13B). Altogether, this indicates that the NW-SE faults of 
Mid Norway strictly relate to the MTFC, and therefore 
formed as accommodation structures in its regional 
damage zone. 
 
The fault sets encountered in the Osen area are situated 
along the northwestern margin of the MTFC, in a posi-
tion that is below the major Devonian detachments, i.e. 
in the northwestern part of the Central Norway base-
ment window. Recent understanding of the latest-Scan-
dian extension in the area emphasizes the early, sinistral, 
transcurrent character of the MTFC, or a branch hereof, 
which is inferred to have functioned as a boundary fault 
between extensional detachment ramps in Early-Middle 
Devonian times (e.g. Braathen et al. 2002; Osmundsen 
et al. 2003). Although having a transverse orientation to 
the MTFC, it is tempting to set the NW-SE faults of Osen 
into a context of major and successively deeper and more 
localised faulting along NE-SW strands of the MTFC. 
However, the vertical dip of the NW-SE faults of the Osen 

Fig. 12. A) Fault planes with recorded slip-lines (dots) associated 
with NW-SE-striking fault C at Osen.  B) Slip-linear plot of small 
faults with recorded slip-lines associated ENE-WSW-trending Drag 
fault.
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area makes them less likely candidates as primary exten-
sional structures affiliated with the latest Caledonian to 
post-Caledonian collapse (Fig. 13C).

From the reasoning presented above, a model for the 
NW-SE faults of the Fosen Peninsula has to take into 
consideration the following:
1) The faults in the Osen area are characterised by a c. 1 

km regular spacing. In established cases, they indicate 
modest dextral horizontal separation of some tens of 
metres at the most, with an additional dip-slip com-
ponent. If present offshore, they are of subseismic 
scale.

2) The fault zones reveal mylonites, cataclasites and a 
late overprint of tensile fractures, consistent with a 
fault rock sequence of progressive exhumation. All 

this deformation post-dated the formation of the 
gneissic fabric of the host rocks.

Although having a slightly more northerly trend, the 
Drag fault shows a similar evolution as other, well-stud-
ied strands of the MTFC (e.g. Grønlie et al 1991; Redfield 
et al. 2005). This supports an interpretation of this struc-
ture as a marginal strand of the MTFC, thus having the 
status as one of its many fault branches. The outermost 
elements probably occur as far northwest as the Vikna 
islands and Leka (Rindstad & Grønlie 1987; Titus et al. 
2004). In this light, the NW-SE trending faults at Osen 
could have been activated as Riedel prime (R’) faults dur-
ing overall, differntial sinistral shearing at a latest-Scan-
dian stage (approximately Late Devonian), with a status 
as minor accommodation faults between major strands 

Fig. 13. Possible explanations for the development of the NW-SE-striking faults of the Fosen peninsula. A) The faults are genetically affiliated 
with offshore NW-SE regional lineaments. B) The faults are affiliated with the regional NW-SE set of faults that are abundant in the basement 
of southern and central Sweden and eastern Norway. C) The faults were generated by the latest Caledonian to post-Caledonian NE-SW-orien-
ted collapse and extension. D) The faults were initiated by differential sinistral displacement along master strands of the Møre-Trøndelag Fault 
Complex. The latter model is considered the most likely (see text for explanation).
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of the MTFC (Fig. 13D). Synthetic, major faults include 
the Hitra-Snåsa and Verran faults (e.g., Grønlie & Rob-
erts 1989; Grønlie et al. 1991, 1994), the Bæverdalen lin-
eament to the southeast (Redfield et al. 2005), and a series 
of fault branches around the Vikna islands, all of which 
are likely to have had sinistral displacements (Titus et al. 
2004). This pattern also fits a regional strain reconstruc-
tion for Mid Norway for the Late Devonian (Gabrielsen 
et al. 1999). 

The NW-SE faults of the Fosen Peninsula around Osen 
may have seen only subtle reactivation during post-
Devonian tectonic events and related uplift, since they 
lack the unconsolidated breccia and fault gouge, that are 
otherwise seen along strands of the MTFC. Reactivation 
is only reflected in late, minor fracturing. 

Conclusions
Analyses of remote sensing data and outcrop studies of 
faults on the Fosen Peninsula and Vikna islands can be 
summarised as follows:
1. The large-scale Møre-Trøndelag Fault Complex (MTFC) 

has a width that exceeds 50 km, with several narrow 
high-strain zones surrounded by damage zones.

2. Brittle deformation is seen in two types of settings; (i) 
major, discrete, NE-SW striking fault strands, and (ii) 
wider, intervening damage zones hosting fracture-lin-
eaments.

3. Fracture lineaments of the Fosen Peninsula and Vikna 
islands are confirmed to be small faults. They appear in 
three main sets with E-W, N-S, and NW-SE orientations.

4. NW-SE faults of the Fosen Peninsula (Osen area) are 
characterised by a c. 1 km regular spacing. They host 
mylonites, found as clasts in cataclasites, and a late 
overprint of tensile fractures. These fault rocks prob-
ably relate to differential sinistral movements along  
the master strands of the MTFC and reactivation in 
latest Caledonian to post-Caledonian, extensional 
denudation and unroofing of the region.

5. Resolved movement on NW-SE faults divides into 
dextral horizontal separation of some tens of metres 
at the most, and an additional dip-slip component. 

6. The NE-SW Drag fault of Vikna is a strand of the 
MTFC that reveals extensive deformation in a broad 
zone of mainly cataclasites. These rocks are cut by 
dm-scale layers of non-cohesive breccia and gouge. 
The latter fault products likely relate to Jurassic fault-
ing and associated, near-shore basin formation. Dom-
inant kinematics are strike-slip.

7. Major NE-SW fault strands of the MTFC experienced 
multiphase reactivation in the Phanerozoic, whereas 
intervening, broad damage zones are basically unaf-
fected by post-Caledonian deformation events.
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