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Tectonic lineaments of the Norwegian mainland have been outlined and characterised in a new lineament map of Norway. The underlay is a natio-
nal coverage of Landsat TM 7 scenes with 15 m pixel resolution, which have been interpreted at a scale of 1:750,000. The database contains nearly
8000 lineaments that, with the aid of statistical tools (orientation, density) and general characteristics, have been separated into distinct spatial
zones, populations and sets.

The most prominent lineament zones of Norway are the N-S-striking Oslo-Trondheim and Bergen zones. The former is considered to represent a
Neoproterozoic fracture system, since it clearly affects the geographical extent of younger lineament populations. Both zones were active in the Per-
mian, whereas the Bergen Zone also underwent Mesozoic rejuvenation. Today, both zones experience relatively frequent, though minor earthqua-
kes. Another important N-S feature, albeit more dispersed, is the Finnmark Zone.

The regional, ENE-WSW-striking Mere-Trgndelag Fault Complex is clearly displayed in the scenes. It consists of mainly ENE-WSW (NE-SW)
major and minor faults with a documented history ranging from Devonian to Recent, mirroring activity on the shelf. The Agder Zone has a similar
orientation, consisting of two sets (NE-SW and ENE-WSW), and can be traced from Stavanger to the western margin of the Oslo Graben. Faults
with km-scale displacement and various types of fault rocks reflect the post-Caledonian activity of this lineament population.

Other lineament populations are more dispersed. This is especially the case for the NW-SE to WNW-ESE-oriented lineaments, which occur throu-
ghout the entire country. Approximately E-W-oriented structures are found in southern, western and central Norway. In the Sunnfjord area, they
constitute major faults with documented Permian, Jurassic-Cretaceous and possible Cenozoic activity.

Information relating to the lineaments is compiled in a database, which is regularly updated subsequent to field checking and detailed mapping of
lineaments. The present consensus is that almost all of the lineaments identified or interpreted by remote sensing methods are faults, many of which
have been affected by multiple faulting events. More surprisingly, many faults also contain soft (non-cohesive) fault rocks, distinctive for upper

crustal deformation, suggesting Mesozoic-Cenozoic activity, and some may even carry components of post-glacial displacement.
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Introduction

Acknowledgement of the importance of regional frac-
ture systems in topographical analysis has a long tradi-
tion in Norway (Kjeerulf 1876, 1879; Hobbs 1904, 1911,
Holtedahl 1967; Nilsen 1973). Perhaps because of this,
the potential for application of lineament studies in
correlation of onshore and offshore structural features
motivated several regional studies in the 1970s and
1980s using modern remote sensing techniques (Ram-
berg et al. 1977; Gabrielsen & Ramberg 1979; Gabri-
elsen et al. 1980; Rathore & Hospers 1986). Such studies
identified several lineament zones of seemingly regio-
nal significance (Fig. 1). More dedicated investigations
aiming at more specific targets either regionally (Rind-
stad & Grognlie 1987; Ruesldtten et al. 1996) or with
emphasis on particular structures or fault complexes
{Grenlie & Roberts 1989; Gronlie et al. 1991; Karpuz et
al. 1993a, 1995; Roberts et al. 1997) followed.

Appreciation of the influence of the basement structu-
ral grain on the structuring of the Norwegian continen-
tal margin (Gabrielsen & Ramberg 1979; Frost et al.
1981; Rathore & Hospers 1986; Doré & Gage 1987;

Gabrielsen & Ferseth 1989; Doré 1991; Farseth et al.
1995; Gabrielsen et al. 1999) and the observation that
some master fault systems have a great potential for
reactivation (Gabrielsen 1984; Gabrielsen et al. 1999;
Smethurst 2000; Pascal & Gabrielsen 2001) have further
motivated such studies. Simultaneously, the need for a
better understanding of the fracture systems on the
mainland in connection with assessment of water
resources and the pollution and risk arising from plan-
ned engineering constructions (e.g., tunnels, earthqua-
kes) has received increasing attention (Fossen et al.
1997; Nordgulen & Rgnning 2000; Gudmestad & Lind-
holm 2001). In the light of this, it is clear that the exis-
ting regional lineament databases for Norway, which
are based on the maps published by Ramberg et al.
(1977) and Gabrielsen & Ramberg (1979), are outda-
ted, and hence the Geological Survey of Norway toget-
her with the University of Bergen have taken an initia-
tive for the generation of a new lineament database.
This database will be a part of the public domain of the
Geological Survey of Norway (www.ngu.no), and will,
when complete, contain geological information on
individual lineaments and faults in addition to linea-
ment maps.
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Fig. 1. Key map showing lineament zones, major faults and geographical locations referred to in the text. The Oslo-Trondheim, Bergen and
Finnmark zones are similar to those proposed by Gabrielsen ¢ Ramberg (1979). MTFC — Mpre-Trondelag Fault Complex; TKFZ — Trollfjor-

den-Komagelva Fault Zone.

The Landsat database

The present lineament mapping was performed in two
steps. The first stage included the analysis of a mosaic
of Landsat MSS data. Due to financial restrictions, this
mosaic was of variable quality, and it was not possible
to obtain a homogeneous lineament map of sufficiently
high quality covering the entire Norwegian mainland.
However, the quality was good enough to improve the

existing datasets and, most important, to generate a
classification scheme for lineaments which was more
complete than that proposed by Gabrielsen & Ramberg
(1979). This scheme included orientation, style, cross-
cutting relationships and geological information (age,
types of fault rocks, etc.). The second stage included the
generation of a complete mosaic from Landsat TM 7
data covering the Norwegian mainland, and a re-map-
ping of the entire study area. The results were compa-
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red to that of the MSS dataset, and the interpretation
was reassessed in areas where the two interpretations
were dissimilar.

In this work, particular emphasis was placed on not
including foliation in the final lineament database. This
was done with the appreciation that foliations represent
profoundly different structural information, and there-
fore should be mapped and analysed separately. Hence,
the lineaments included in the present maps are selec-
ted according to the definition of O’Leary et al. (1976):
"A lineament is a linear or sub-linear feature on the Ear-
th’s surface, which presumably represents a zone of
weakness in the sub-surface". This means that low-
angle and thereby topographically curved structures,
such as thrust faults and some extensional faults, and
strongly curved features like (possible) impacts and
volcanogenic features (e.g., calderas), as well as mega-
lineations generated by ice movements, have been
excluded from the present dataset.

Some definitions

Following Gabrielsen et al. (1984) and Nystuen (1989),
fractures or lineaments may constitute sets, systems,
complexes and zones. Lineaments commonly appear in
groups characterised, e.g., by common orientation or
style. In the following, we term such groups ‘lineament
populations. Furthermore, we use the term ‘lineament
set’ for a population that consists of subparallel ele-
ments of similar style, and which is assumed to belong
to one and the same deformational event. A ‘lineament
systen’ consists of two or more sets, both or all of
which are affiliated with one and the same event, and
possess the same deformational style. In contrast, a
‘lineament complex’ consists of two or more sets of dif-
ferent styles which are either related to different defor-
mational episodes, or comprise cases where these rela-
tionships are unknown. Finally, a ‘lineament zone is
characterised by its higher lineament density as compa-
red to that of its neighbouring areas.

In the literature, it is not uncommon for authors to use
the terms lineament, fracture zone and fault as syno-
nyms. However, in the present study we advise and
encourage use of the following definitions: The term
lineament should be strictly reserved for linear or cur-
vilinear features identified by remote sensing methods
(sensu O’Leary et al. 1976), and fracture lineament for
those lineaments that are assumed to reflect a zone of
stress-induced mechanical weakness in the bedrock
(e.g., Braathen & Gabrielsen 1998, 2000). During field
investigations, lineaments are commonly identified as
zones of enhanced fracture frequency (ff) as compared
to the surrounding areas. If identified as such by field
study, the term fracture swarm should be applied. We

suggest that the term ‘fracture zone’ should not be
applied in this context, to avoid confusion with the
applied nomenclature of plate tectonics, where this
term is reserved for structures defining the extension of
a transform fault (e.g., Heezen et al. 1964). Quite com-
monly, detailed investigation is necessary to determine
whether or not movements have taken place parallel to
the fracture swarm. When such displacements are eit-
her proven or disproven, the term fracture lineament
should then be abandoned, and the nature of the struc-
ture should be indicated by using precise structural
terms such as extensional, contractional, strike-slip or
oblique-slip fault/fault zone or joint zone. Joint zones
differ from fault zones in that they do not show any
signs of fault-parallel displacement; hence, they consist
dominantly of tensile fractures. It is thereby clear that
most (but not all) faults are fracture swarms, but also
that not all fracture swarms are faults.

Based on the identification of such features by the use
of remote sensing methods, fracture swarms may be
subdivided into steep (near vertical) and inclined. In
steeply dipping structures, the pattern of zonation is
commonly symmetrical (Braathen & Gabrielsen 1998).
Basement faults studied by us reveal the typical archi-
tecture of larger faults, with a high-strain fault core and
a low-strain damage zone (e.g., Caine et al. 1996). This
deformation is generally superimposed on a back-
ground fracture system (Gabrielsen et al. 1997; Knipe et
al. 1998). Inclined faults commonly appear to have an
asymmetric fracture distribution when footwall and
hangingwall are compared. In most inclined fracture
zones studied by us, the bulk of the strain seems to have
been taken up in a wider zone in the hangingwall and
in a narrower zone in the footwall. This is in accor-
dance with observations from many larger faults in
sedimentary rocks (e.g., Gabrielsen et al. 1997), al-
though the opposite relationship is sometimes found
(Steen & Andresen 1999).

The lineament maps

The new lineament map of Norway contains approxima-
tely 7800 lineaments, which have been identified from
Landsat TM 7 data (15 m pixel size) at 1:750,000 scale
(Fig. 2). A mosaic of all Landsat scenes was created and
displayed within a GIS environment. During interpreta-
tion, each lineament was checked against the Landsat
background data. Lineament density maps were made by
counting the total length of lineaments within a moving
10 km search window. Separate density maps were made
for each lineament population, several groups of popula-
tions, and each 10° azimuth sector (Fig. 3).

Directional analysis was done using the intercept met-
hod (Launeau & Robin 1996). The technique is based
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Fig. 2. Lineament map of Norway based on interpretation of a Landsat TM mosaic at a scale of 1:750,000, created and displayed within a GIS

environment, with colour key for identification of populations. The database contains approximately 7800 lineaments. See text for description
of lineament populations.
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on counting the number of times a set of parallel test
lines intercepts a set of objects along a number of direc-
tions. The number of intercepts is a periodic function
of o, the counting direction, and can be represented by
a Fourier series (Launeau & Robin 1996). From this
Fourier series, a 'rose of directions' can be calculated.
By truncating the Fourier series at a level such that the
resulting curve matches the main features of the data
curve, we are able to obtain a measure of directional
intensity that is both weighted by lineament length, and
smoothed to remove noise. For all statistical analysis,
the data were displayed using a Mercator projection,
with the latitude of true scale at 65°N. In this way,
directional accuracy was preserved and areal distortion
minimized.

A separate dataset consisting of ground-controlled
faults was extracted from NGU open-file maps at the
scales 1:1 million and 1:250,000. These faults were
included as a separate dataset in the database, and were
used in the qualification of each lineament, and in the
assessment and classification of the lineament popula-
tions. Generally, there is a good correlation between the
lineaments and the ground-controlled faults throu-
ghout the study area.

Gabrielsen & Ramberg (1979) proposed a subdivision
of the lineament populations into zones, of which the
N-S-trending Bergen and Oslo-Trondheim zones, and
the ENE-WSW-trending Agder and Mgre-Trondelag
zones are the most important. The present analysis has
confirmed the relevance of these features, although
some of the zonal borders were adjusted. However,
because the present analysis applied additional criteria
for the classification, and due to the availability of more
advanced data-processing techniques, a more sophisti-
cated assessment of lineament populations has been
possible.

N-S lineament populations

N-S-trending lineaments define one of the most
important lineament populations on the Norwegian
mainland as well as on the continental shelf (Fig. 1;
e.g., Gabrielsen & Ramberg 1979; Rathore & Hospers
1986; Ziegler 1990; Doré 1991; Gabrielsen et al. 1999).
By closer inspection, several zones and sets can be iden-
tified, some of which have slightly contrasting trends,
and others that are associated with certain styles of
deformation or with particular geological units. In
several cases, clear cross-cutting relations can be seen
between these lineament sets.

Well-defined populations of approximately N-S-tren-
ding (i.e. N340°W to NO020°E; Figs. 3 and 4a) linea-
ments are of particular significance in the Oslo Graben

area and its continuation to the Trondheim district of
central Norway (the Oslo-Trondheim Zone) and along
the west coast of southern Norway (the Bergen Zone;
Gabrielsen & Ramberg 1979). Important lineament
populations of roughly N-S trend also occur in the Pre-
cambrian terranes east and west of the Oslo Graben
and in different parts of Finnmark in northern Norway
(Karpuz et al. 1995). However, these bear certain featu-
res that make them distinct from those of the Oslo-
Trondheim Zone.

The Oslo-Trondheim Zone stands out clearly in the line-
ament maps and has its greatest lineament density
around the Oslo Graben (Fig. 5a). It is mainly characte-
rised by N-S to NNW-SSE-striking lineaments and dis-
plays a clear strike maximum at N178°E (Fig. 6). The
zone is also at its widest (100 km) around Oslo. It stret-
ches beyond the limits of the present Oslo Graben, defi-
ned by sedimentary and Permian volcanic rocks (e.g.,
Olaussen et al. 1994; Sundvor & Larsen 1994), perhaps
indicating that the crustal panel, which was affected by
extension during formation of the Oslo Graben, was
originally at least 180 km wide. Towards the north, the
zone narrows, and eventually shrinks to less than 80 km
in the Folldal area (Fig. 5a), but south of Trondheim
the zone again widens. Some of the individual linea-
ments (as displayed in Landsat imagery at 1:500,000
scale) can be followed as continuous structures along
strike for distances of up to 30-40 km. The Oslo-Trond-
heim Zone incorporates the well-documented, extensi-
onal, steep master faults of the Oslo Graben (e.g., Ram-
berg et al. 1977; Swensson 1990) as well as some of the
larger extensional faults to the north, like the Rendalen,
Osen and Engerdalen faults (‘Osterdal Aulacogen’;
Roberts & Gale 1977). It has been suggested that the
master faults of this population are autochthonous and
that they were active as extensional faults during depo-
sition of the Neoproterozoic ‘sparagmite series’ (Schi-
otz 1902; Bjorlykke et al. 1976; Bjerlykke 1978). How-
ever, Nystuen (1981), following Oftedahl (1949),
argued that the ‘sparagmites’ are allochthonous. He also
emphasised that the NNW-SSE-trending faults cut the
‘sub-Cambrian peneplain’ as well as all Caledonian
structures. Skjeseth (1963) suggested that the Rendal
fault was active as a sinistral transfer fault with a hori-
zontal displacement of 15-20 km during the Caledo-
nian nappe emplacement. The total post-Caledonian
vertical throw on these structures is estimated to bet-
ween 1000 and 2000 m (Holmsen & Holmsen 1950).

It is beyond doubt that faults incorporated in the Oslo-
Trondheim Zone were either activated in the Permian,
or were reactivated at that time (e.g., Brogger 1886;
Sundvor & Larsen 1994). It has also been suggested that
narrow N-S-trending, fault-bounded troughs had some
control on the deposition in the Oslo area in Cambro-
Silurian times (Henningsmoen 1952; Stermer 1967).
These structures are parallelled by regional tectono-
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Fig. 3. Lineament density maps made by counting the total lengths of lineaments within a moving 10 km search window; green represents low
values, yellow intermediate values, whereas red indicates high bulk length values. Separate density maps are displayed for each 10°-azimuth sector.
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magmatic systems of intrusions at the western margin
of the Oslo region (Ramberg 1976), demonstrating the
deep-seated origin of this graben-marginal fault.

A conspicuous swarm of intermediate to basic dykes,
among which the longest is the 150 km-long Mjenda-
len-Etnedalen Dyke (Sundvor & Larsen 1994) is also
included in this structure set. The traces of the NNW-
SSE fault system can be followed offshore in the outer
part of the Oslofjord as bathymetric lineaments (Sol-
heim & Gronlie 1983), and farther into the Skagerrak
Graben (Ramberg & Smithson 1975) where movements
of Jurassic age have been documented (Ro et al. 1990).
The fault system is still active, and a major seismic
event (M = 5.6) occurred within the zone as recently as
in 1904 (e.g., Bungum & Fyen 1980).

The Bergen Zone, which is dominated by a population
of NNW-SSE-trending lineaments, parallels the coast
of southwestern Norway (Figs. 5b and 6). It incorpora-
tes a system of faults with approximate N-S trends
(Braathen 1999), as well as parallel dyke swarms with
Permo-Triassic ages of intrusion (Fossen & Dunlap
1998), possibly including a Jurassic event (Ferseth et al.
1976; Farseth 1978; Lovlie & Mitchell 1982; Torsvik et
al. 1997). Master faults that occur offshore immediately
west of the coast (the @ygarden Fault Complex; Hamar
et al. 1980; Smethurst 2000) reflect the presence of a
deep, basement-involved zone of weakness (Badley et
al. 1984; Gabrielsen 1986, 1989; Farseth et al. 1995).
Some branches of the upper part of the @ygarden Fault
Complex offset Tertiary sequences (Muir-Wood et al.
1988), and the zone seems to have been the locus of
some Recent seismic activity (Gabrielsen 1989; Karpuz
etal. 1991).

The Ostfold Zone defines the eastern border of the
Oslo-Trondheim Zone (Figs. 1b and 5d). Two popula-
tions (N-S and NNW-SSE) are defined (Fig. 6), of which
the NNW-SSE lineaments in particular follow the pro-
nounced structural grain of southwestern Sweden,
incorporating Sveoconorwegian ductile shear zones
(e.g., Stephens et al. 1996; Andersson et al. 2002).
Brittle deformation fabrics locally overprint these fea-
tures.

Some of the large-scale N-S to NNW-SSE-trending
ductile fault zones that affect rocks in South Sweden,
can be traced into Norway (Skjernaa 1972). The most
conspicuous of those are ‘the Mylonite Zone’ and Dals-
land Boundary Fault and their related structures. These
are interpreted as shear zones defining Sveconorwegian
terrane boundaries (e.g., Andersson et al. 2002). Linea-
ment analysis in the Stora Le — Viinern area on the Swe-
dish side of the border displays a complex of regional
NNW-SSE and N-S lineaments (N150 — 165°E; Lindh
1980; Tirén & Beckholmen 1992). Some of the most
prominent of those coincide with the large shear zones,

which are loosely dated to Sveconorwegian (Page et al.
1996; Stephens et al. 1996).

The Mandal-Molde Zone affects the larger part of wes-
tern South Norway (Fig. 1). The lineaments, which
have a dominant NNE-SSW strike, are generally evenly
distributed throughout the area, but the zone becomes
diffuse towards the north, where it reaches a minimum
width around Jotunheimen (Figs. 5c and 6). The zone
again becomes more clearly expressed in the coastal
area around Molde. The Mandal-Molde Zone encom-
passes major topographic lineaments defining valleys
and drainage systems carved in intensely fractured
bedrock (e.g., Sirdalen), as well as large-scale composite
structures like the Mandal-Ustaoset Fault Zone (Sig-
mond 1985). The latter is a complex feature characteri-
sed by wide, steep to moderately dipping, ductile shear
zones and steep to moderately inclined, east-dipping
faults exposing brittle deformation structures. Near
Molde, a N-S-striking neotectonic fault with 2-4 m
reverse displacement, the Berill Fault (Anda et al.
2002), is a unique example of Quaternary movements
along this lineament zone. On a broad scale, a particu-
larly significant feature is that the lineaments of the
Mandal-Molde Zone seem to be truncated by the Oslo-
Trondheim Zone.

The Finnmark Zone (N-S-striking) is particularly well
developed in central Finnmark, and can be followed
southwards where it merges with the NNE-SSW-tren-
ding, 30 km-wide, Baltic-Bothnia megashear zone
(Berthelsen & Marker 1986) of northern Sweden (Fig.
5e; see also Gabrielsen & Ramberg 1979, Henkel &
Eriksson 1987; Henkel 1991). Bertelsen & Marker
(1986) and Nironen (1997) also proposed the existence
of other Proterozoic megashears along this N-S trend
in northern Scandinavia. On closer inspection, it is
clear that this zone is composed of two lineament sets
striking slightly east of north (N00°-20°E) and west of
north (N165°-180°E), respectively (Fig. 2). Karpuz et
al. (1995) and Roberts et al. (1997) reported that multi-
ple episodes of movement have occurred along the
NNE-SSW-trending fault populations (e.g., the Batte-
varri and Karlebotn lineament zones), including both
ductile and brittle features. Karpuz et al. (1993b, 1995)
recorded similar deformational styles along minor
structures striking NNW-SSE, notably the Hauksjgen
and Kirkenes-Nikel lineament zones, where mylonites
and ultramylonites are superceded by cataclasites and
breccias.

The N-S trend also parallels some major offshore faults
or fault complexes (e.g., Ringvassay-Loppa Fault Com-
plex; Gabrielsen 1984; Gabrielsen et al. 1990). The line-
ament zone seems to have a fairly constant width as far
as it has been followed inland from the coast, to the
south. However, the N-S trend is less prominent when
the zone is followed offshore towards the north. We



NORWEGIAN JOURNAL OF GEOLOGY

Tectonic lineaments of Norway 161

take this as an indication that the zone is basically asso-
ciated with a Precambrian basement structural grain
that to a lesser extent has been reactivated in post-Pala-
eozoic times. Still, it is noted that movements along
individual faults of the Ringvassgy-Loppa Fault Com-
plex can be traced well into the Cretaceous (Gabrielsen
1984, Gabrielsen et al. 1990), and that even later reacti-
vation may have occurred (Gabrielsen & Klgvjan 1997).

Apart from the Oslo-Trondheim, Bergen and Finnmark
zones, N-S-trending lineaments in the study area are
sparse, with the exception of some areas in Nordland
and Troms. Little detailed field information exists as far
as the deformational style and age of these lineaments
are concerned. However, Braathen et al. (2002) and
Osmundsen et al. (2003) described brittle reactivation
of approximately N-S-striking Devonian(?) extensional
shear zones along the western margin of the Borgefjel-
let and Saltfjellet basement windows. A similar pattern
is indicated for the Rombak window (Fossen & Rykke-
lid 1992; Rykkelid & Andresen 1994), where an Early
Carboniferous age of these movements has been propo-
sed (Coates et al. 1999).

NNW-SSE and N-S trends are also associated with
some of the major basins and fault complexes on the
Norwegian continental shelf, such as the Viking Graben
of the northern North Sea and the Klakk Fault Com-
plex off Mid Norway. Several such structures were pro-
bably active during the Permian structuring, and were
reactivated to become the most important structures
during the Jurassic extension (see Gabrielsen et al.
1999, and references therein).

Based upon the descriptions given above, it can be
concluded that the major N-S-trending lineament
complexes of the Norwegian mainland have roots back
into the Proterozoic. Later periods of activity following
the thrust emplacement of Scandian nappes include
steep and low-angle, Devonian faulting in West Norway
(e.g., Andersen & Jamtveit 1988; Fossen 1992; Braathen
1999; Eide et al. 1999), and in Central Norway (Rind-
stad & Gronlie 1987; Séranne 1992; Thlen 1995; Braat-
hen et al. 2000, 2002; Osmundsen et al. 2003). Permian
extension affected the Oslo-Trondheim Zone, the fault
complexes of western Norway and the offshore area
(Gabrielsen et al. 1990; Olaussen et al. 1994; Ferseth et
al. 1995, 1997). Recent studies have also revealed Juras-
sic-Cretaceous activity in the extensional fault systems
of West Norway. Fault rocks with similar characteristics
to those encountered in the extensional systems of wes-
tern Norway (green cataclasite, red breccia and fault
gouge; Torsvik et al. 1992; Eide et al. 1997) crosscut the
Proterozoic rocks and Caledonian nappes of the Nor-
wegian mainland (Grenlie & Roberts 1989; Grgnlie et
al. 1990, 1991; Braathen & Gabrielsen, unpublished
data). Firm age relationships between these fault rocks,
however, have in many cases yet to be established.

NE-SW and ENE-WSW

lineament populations

Southern Norway is transected by a very complex pat-
tern of lineament populations with trends varying from
E-W to NE-SW (Ramberg et al. 1977; Gabrielsen &
Ramberg 1979; Rathore & Hospers 1986) (Fig. 3). In
contrast to the N-S-trending populations described
above, these lineaments are more evenly distributed,
and define sets and zones to a lesser degree. On a regio-
nal scale, it seems that E-W- to ENE-WSW-trending
lineaments are less well developed in Finnmark and
most common at the southernmost tip of southern
Norway (Fig. 4d). Lineaments belonging to these popu-
lations are generally also common between Bergen and
Sognefjord. Detailed inspection of the lineament maps
indicates that five sets and several major fault zones can
be distinguished among the E-W- to NE-SW-trending
lineaments in southern Norway.

Lineament sets with a strict NE-SW orientation (azi-
muth sector N040°E to NO60°E) do not seem to be very
common at the northwestern margin of the Baltic Shi-
eld (Figs. 3 and 4d). Nevertheless, lineaments of this
trend are associated with large-scale faults such as the
Kristiansand-Porsgrunn fault (the ‘Great Breccia’ of
Bugge 1928, 1965), which is closely associated with the
exposed Permo-Carboniferous rocks occurring along
the western margin of the Oslo Graben, and hence may
have a continuation along this boundary. The fault
zone is characterised by ductile to cohesive brittle fault
rocks and several generations of non-cohesive breccia
and gouge. This trend is sub-parallel to an older grain,
which was reactivated in the ‘early Sveconorwegian’
event. These structures originated as shear zones in
connection with top-to-northwest shortening (Starmer
1993, 1996).

The onshore part of the NE-SW-striking Hardanger-
fjord Shear Zone has been defined through deep seismic
reflection soundings (Hurich & Kristoffersen 1988,
Farseth et al. 1995, Hurich 1996) and recent field inve-
stigations (Fossen 1992), and have demonstrated that
this structure roots deeply in the crust, and that it trun-
cates both the Scandian (Caledonian) basal detachment
and structures associated with extensional top-to-the-
west ductile reactivation. The principal structure of the
Hardangerfjord lineament population is the Lerdal-
Gjende Fault Complex, which can be traced from the
innermost region of the Hardangerfjord and far inland
as a major, NW-dipping fault that juxtaposes footwall
Proterozoic gneisses with hangingwall nappe rocks
(e.g., Milnes et al. 1997). The fault zone exposes mylo-
nites that are cut by cataclasites, both of which are
incorporated as clasts in breccia and gouge zones. The
palaeomagnetic signature of some of the brittle fault
rocks indicates both Permian and Late Jurassic-Early
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Fig. 4. Lineament density maps for a) N-S, b) NW-SE to WNW-ESE, c) E-W and d) NE-SE and ENE-WSW populations. See text for descrip-

tion of each population.
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Fig. 5. Lineament density maps for major lineament zones with approximate N-S-trends; a) Oslo-Trondheim Zone and related structures,
b) Bergen Zone, c) Ostfold Zone d) Mandal-Molde Zone, and e) N-S-trending lineament zones in northern Norway, including the Finnmark

Zone. See text for descriptions of each zone.

Cretaceous activity (Andersen et al. 1999), in accor-
dance with faulting along the coast farther west (e.g.,
Eide et al. 1997).

Several of the NE-SW-trending faults in northern
Scandinavia have been found to offset post-glacial
topographic elements (e.g., Dehls et al. 2000) and,
hence, stand out clearly as lineaments. In general, NE-
SW-trending lineament sets of North Norway are parti-
cularly prominent within the Caledonian nappe ter-
ranes. Notable lineaments of the NE-SW population
are the Vestfjorden-Vanna Fault of coastal Troms,
which is characterised by several kilometres of cumula-
tive, sinistral-oblique displacement, and the normal
Kvalgysletta-Straumbhella Fault, which is possibly Per-
mian in age (Olesen et al. 1997), with indications of
Tertiary-Recent reactivation. Also the Vargsund Fault in

Finnmark, and its southwestern prolongation into
Troms county (Worthing 1984, Lippard & Roberts
1987), belongs to this population. This fault appears to
be traceable offshore into the inner margin of the
Troms-Finnmark Platform.

The age relationships of the faults belonging to the NE-
SW population of Norway are complex. For example,
the 20 km-wide Mierujavri-Sverholt Fault Zone is
most clearly developed in the Palaeoproterozoic rock
complexes of inner Finnmark (Olesen et al. 1992a,b)
where it is developed as a complex system of strike-slip
contractional duplexes. It can be followed northeast-
wards into and beneath the thin Caledonian nappes,
and may possibly link farther northeast with younger,
offshore faults in the southern Barents Sea (Lippard &
Roberts 1987). To the southwest, the Mierujavre-Sveer-
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holt Fault Zone terminates against the NNW-SSE-tren-
ding Baltic-Bothnia Zone, an interference feature
which is reminiscent of lineament truncation along the
Oslo-Trondheim Zone in southern Norway.

The anastamosing Mierujavre-Svarholt Fault Zone dis-
plays evidence of post-glacial activity. The most conspi-
cuous of these is the southeast-dipping Stuorragurra
Fault (Olesen 1988; Olesen et al. 1992a,b; Roberts et al.
1997; Dehls et al. 2000). This structure is still seismi-
cally active. A comparable structure in Sweden is the
Pirve Fault (Lundquist & Lagerbiack 1976; Lagerbiack
1979, 1990, 1992; Talbot & Slunga 1989). These faults
are believed to represent basement structures that have
been reactivated by the Early Tertiary-Recent far-field
(ridge-push) stresses (e.g., Fejerskov et al. 2000; Lind-
holm et al. 2000).

Except for these large-scale features, lineaments with a
NE-SW orientation are found only locally, e.g., along
the southern margin of the Bergen Arcs (Fossen et al.
1997). Commonly, they appear as subordinate structu-
res associated with other major fault zones such as the
More-Trondelag Fault Complex.

The ENE-WSW lineament system is covered by the azi-
muth sector NO60°E to NO80°E. On closer inspection, it
becomes clear that this lineament system can be divi-
ded into two separate, cross-cutting populations (sets 1
and 2, see description below and Figs. 6 and 7), alt-
hough the age relationship between the two is uncer-
tain. The lineaments of the two populations are relati-
vely evenly distributed in a region from the Hardanger-
fjord to the Oslo area.

In southern Norway, two elongate zones, one following
the coast to the northeast from Kristiansand, and anot-
her that is parallel to Hardangerfjord, can be distinguis-
hed. Lineaments belonging to these populations are
also common between Bergen and Sognefjorden. The
system is particularly well developed south of a line
from Oslo to Bergen, where it defines two intense zones
with high lineament concentrations around Sirdal-Kvi-
nesdal and east of Boknafjorden (Figs. 4 and 7). When
following the lineaments towards the ENE, it is com-
monly observed that they abut against the western mar-
gin of the N-S Oslo-Trondheim Zone. In fact, all the
ENE-WSW lineament sets of southern Norway show a
clear tendency to become less intense when crossing the
western border of the N-S-trending Oslo-Trondheim
Zone, and then to completely disappear at its eastern
margin (Fig. 7). On the regional scale, this lineament
system encompasses large-scale structures like the
More-Trondelag Fault Complex, the Hardangerfjord
Shear Zone and the Vestfjorden Zone.

Set 1 of the ENE-WSW lineament system (azimuth sec-
tor NO60°E to NO70°E) shows a heavy concentration in

the southwestern part of South Norway, where it defi-
nes several zones of high lineament intensity (Figs. 4d
and 7; see also Rathore & Hospers 1986). One such
zone parallels the coast northeast from Kristiansand,
and another is found inland from that area between
Egersund and Stavanger. The latter zone encompasses
major topographic lineaments such as @rsdalen and
Gyadalen. The Hunnedalen dyke swarm in Rogaland,
which intrudes the Vest Agder Gneiss Complex, belongs
to this population. The dyke swarm embraces more
than 30 individual vertical dykes, some of which can be
followed for more than 20 kilometres. The dykes post-
date the Sveconorwegian ductile deformation in the
area, and have yielded ages in the range of 855-835 Ma
(Maijer & Verschure 1998; Walderhaug et al. 1999).
Their very consistent orientation suggests that they
were generated in a NNW-SSE stress field. When follo-
wing this lineament zone towards the east-northeast, its
intensity diminishes when abutting against the western
margin of the N-S Oslo-Trondheim Zone. However,
some of the major features can still be traced across the
Oslo-Trondheim Zone in the area between Oslo and
Gjovik (Fig. 7).

The Fedafjorden fault (Falkum 1982; Aamodt 1997) is a
large-scale structure belonging to the ENE-WSW
population. It has a fault core that is up to 30 m wide,
and shows evidence for multiple faulting events. Typi-
cally, lenses of both red and green cataclasite are found
within 10-30 cm-wide zones of gouge and/or as frag-
ments in m-thick zones of breccia. The map pattern
suggests a dextral separation in the order of 2 km along
this fault zone.

Set 2 of the ENE-WSW lineament system (azimuth sec-
tor NO70°E to NO8O°E) has a distribution in southern
Norway that is rather similar to that of Set 1 (see
above). However, the two sets are distinguished because
of their cross-cutting relations and also as the linea-
ments of Set 2 appear to define fracture swarms that
differ from those seen for Set 1 (Figs. 4d and 7). One
zone in particular is characteristic for set 2; it is situated
east of the inner part of Hardangerfjord and stretching
eastwards from Hardanger through the northern bend
of Hallingdal. Also, the relationship between set 2 and
the Oslo-Trondheim Zone is clear, since set 2 structures
terminate abruptly at the junction with the Oslo-
Trondheim Zone.

Some set 2 lineaments associated with the E-W to ENE-
WSW lineaments are very pronounced around the
Devonian basins of West Norway (see description
below). There are also some lineament zones belonging
to this population in northernmost Trendelag and
Nordland. Apart from these zones, ENE-WSW linea-
ments of set 2 are uncommon in northern Norway,
except for a region in Finnmark from northwestern
Varanger Peninsula to Porsangerfjord and Sergya in the
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Caledonian nappes (Lippard & Roberts 1987). Breccias
and younger gouges have here been recorded along
some of these structures (Roberts 1971).

The most pronounced ENE-WSW lineament zone of
Norway is associated with the More-Trondelag Fault
Complex (Figs. 1, 2, 4d and 6), which is well exposed on
land on the Fosen Peninsula in Mid Norway. To the
west-southwest this fault complex parallels the coast-
line and then continues offshore along the southern
margin of the Mgre Basin (Brekke & Riis 1987) and
into the West Shetland Basin (Price & Rattey 1984,
Doré 1991; Doré et al. 1997). Gravimetric data show
that the fault complex is marked by two zones of coast-
parallel highs separated by an elongated low (Fichler et
al. 1998). The magnetic data show a clear, but more
complex signature (Bréstein 1997; Doré et al. 1997),
suggesting that faulting was accompanied by hydro-
thermal alteration. Both datasets imply that the fault
complex has deep roots in the subsurface, a feature that
has also been indicated by seismic reflection data
(Hurich 1996; Hurich & Roberts 1997). This is also in
accordance with field observations and geochemical
evidence (Sturt et al. 1997). It seems reasonable to
ascribe the contrasting development in the northern
North Sea basins, as compared to that of the Mgre
Basin to the influence of this fault complex, which
separates the two regions (see Gabrielsen et al. 1999,
and references therein).

Grenlie & Roberts (1989) and Séranne (1992) specula-
ted that the Mgre-Trendelag Fault Complex may have
had a Precambrian or Early Palaeozoic precursor in the
Palaeoproterozoic basement. The fault has also been
inferred to represent part of a possible Caledonian
suture (Torsvik et al. 1989). However, its importance
for the late-Caledonian, Devonian development of the
region is clear (Braathen et al. 2000, 2002; Titus et al.
2002). Hurich & Roberts (1997) noted that the two
main, steeply dipping faults of the Mere-Trendelag
Fault Complex (the Hitra-Sndsa and Verran faults)
appear to be listric into the late-Caledonian extensional
Stadland shear zone. It seems clear that reactivation of
the onshore part of the Meare-Trondelag Fault Complex
took place in the Carboniferous and Permian, as indi-
cated by palacomagnetic and isotope datings of dykes,
breccias and pseudotachylite (Torsvik et al. 1989; Watts
et al. 2000; Watts 2001). The complex was also active in
the Mesozoic and Cenozoic (Greonlie & Roberts 1989;
Grenlie et al. 1990; Bering 1992; Roberts 1998), and
there is evidence that it is still seismically active today,
though on a minor scale (e.g., Pascal & Gabrielsen
2001).

The Vestfjorden Zone defines the border between the
islands of Lofoten and Vestfjorden. It is seen as a well-
defined zone of lineaments composed of two separate
sets trending ENE-WSW and NE-SW, respectively. On

closer inspection, the lineaments are recognised as
faults characterised by multiple stages of brittle defor-
mation (Pilskog @vrelid 1995). The regional signifi-
cance of the Vestfjorden lineament zone has not yet
been investigated in any detail.

E-W lineament populations

Lineament sets with an E-W orientation (azimuth sector
NO080°E to N100°E) occur dominantly as zones (Fig. 3).
These structures are relatively common in southern Nor-
way where, to a large extent, they follow the distribution
pattern of the ENE-WSW lineament populations. They
commonly terminate at the western contact of the Oslo-
Trondheim Zone, although some minor E-W sets can be
traced through this zone to the point where they abut
against its eastern border. When following the northern
and southern border faults of the Devonian basins of
West Norway, a distinct lineament population can be
seen (Braathen 1999; Fig. 4c,d). This zone, which trends
approximately E-W, was first recognised by Kjerulf
(1876, 1879) and confirmed by Gabrielsen & Ramberg
(1979). In more detail, it can be shown that this zone
also contains elements of set 2 of the ENE-WSW linea-
ment population.

Major E-W-trending faults of this population are well
known in western Norway, especially from the Sunnford
region. They include the Solund, Dalsfjord, Standal,
Eikefjord and Grendal faults, which are steeply north or
south dipping and up to 100 m-wide fault zones that
bound the northern and southern margins of the Devo-
nian basins (e.g., Torsvik et al. 1992; Eide et al. 1997;
Braathen 1999). These faults appear to truncate the N-S
lineaments (Braathen 1999). Faults of this set commonly
reveal evidence of multiple faulting events, seen as seve-
ral generations of fault rocks ranging from cataclasite
and breccia to fault gouge and, in some places, mylo-
nite/phyllonite and foliated cataclasite. Some of the
events affecting the Dalsfjord fault have been dated,
including a Permian, green siliceous cataclasite, and a
red, carbonate-cemented breccia of Late Jurassic-Early
Cretaceous age (Torsvik et al. 1987, 1992; Eide et al.
1997, 1999).

E-W-trending lineaments are relatively common in Mid
Norway and northwards throughout north-central and
northern Norway (Fig. 4d). These are fairly evenly distri-
buted, and no obvious lineament concentrations are
recognized, perhaps with the exception of the lineament
set that borders the islands of Lofoten and the fjord
Ofotfjorden (Gabrielsen & Ramberg 1979). In the nor-
thernmost coastal areas of Finnmark between Tanafjord
and Porsangerfjord, lineaments trending between E-W
and WNW-ESE are prominent in the Caledonian nappes
(Fig. 4b). On the Nordkinn Peninsula, NNE-SSW linea-
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Fig. 6. Rose diagrams for lineament trends in Norway and within several major geographical regions. Note the dominance of NW-SE, N-S and

NE-SW trends in the total lineament population. MTFC is the Mpre-Trondelag Fault Complex.
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ments are offset along some of the major, E-W faults.

Although subordinate to the major N-S-trending fault
systems, the E-W structural trend is also recognized in
the northern North Sea. However, there it mostly con-
stitutes a pattern of steep faults with minor offsets that
interlink with the master faults on both sides of the
Viking Graben (e.g., the Snorre Field; Hollander 1987).
To the knowledge of the present authors, these faults are
not seen to affect the base Cretaceous unconformity.

NW-SE to WNW-ESE lineament
populations

A NW-SE to WNW-ESE-trending structural grain is
well documented in the Precambrian basement of Swe-
den and Finland, where master shear zones of this
trend separate Svecofennian and Sveconorwegian ter-
ranes (e.g., Hogdahl & Sjostrom 2001; Hogdahl et al.
2001). On the Kola Peninsula in NW Russia, similarly
trending major lineaments mark important terrane
boundaries between Archaean crustal blocks (Géal &
Gorbatchev 1987; Karpuz et al. 1995; Roberts et al.
1997). This trend is also clearly expressed in the linea-
ment map of Norway and, in contrast to several of the
other lineament populations, the lineaments of this
trend are more or less evenly distributed throughout
the study area (Fig. 4b). On closer inspection, however,
it is clear that this population can also be subdivided
into several sets.

The WNW-ESE lineament population of southern and
central Norway (Figs. 2 and 6) consists of long and
continuous elements, some of which can be traced for
up to several tens of kilometres. Although they are
generally evenly distributed, one ‘quiet area’ is identi-
fied at the southernmost tip of Norway (Fig. 4b). The
frequency of WNW-ESE lineaments is also suppressed
when crossing the Oslo-Trondheim Zone. In central
Norway, in the twin counties of Trendelag, there are
two areas of lower lineament density, and in this region
the WNW-ESE lineaments seem to abut against the
southeastern border of the Megre-Trondelag Fault
Complex. The WNW-ESE lineament system of central
Norway partly parallels Devonian, low-angle, extensio-
nal shear zones (Braathen et al. 2000, 2002) and associ-
ated supradetachment faults. However, these linea-
ments also occur widely in the nappes and in the
autochthonous Fennoscandian basement farther east,
indicating a likely Precambrian origin for some of these
structures.

A number of prominent magnetic/gravimetric, NW-
SE-trending lineaments, which transect the Precam-
brian basement of Sweden, can be followed into Nor-
way (Henkel & Eriksson 1987, Henkel 1991). The most
conspicuous of those is the Sveconorwegian Protogine

Zone (e.g., Page et al. 1996). Although the physical-
topographical expression of several of these lineaments
disappears below the Caledonian nappe front, some
geophysical lineaments can still be distinguished within
the Caledonide domain. This suggests that these are
deep-seated zones of weakness affecting the basement
all the way to the west coast of Norway (Henkel &
Eriksson 1987), which is supported by field analysis of
NW-SE-trending lineaments in the Tornetrésk area in
Sweden (Romer & Bax 1992). These authors concluded
that these structural features represent faults of Prote-
rozoic origin that were reactivated during one or more
phase of Caledonian deformation.

The WNW-ESE to NW-SE lineament population of
northern Norway (Fig. 4b) is well developed in Nord-
land, where short lineaments of this trend appear to be
common. In contrast, the WNW-ESE lineaments of
Troms and Finnmark display a similar, even distribu-
tion and architecture to those present in southern
Norway (Fig. 2).

In a zone stretching from northern Finnmark and east-
wards through northwestern Russia, several regional
WNW-ESE-trending faults and shear zones have been
reported (Gaal & Gorbatchev 1987; Melezhik & Sturt
1994). These include the multiphase Ravduréggi linea-
ment zone west of Kirkenes (Karpuz et al. 1995), which
can be followed using potential field data over some 30
kilometres to the northwest beneath the Caledonian
nappes. Fault rocks within this lineament zone vary
from mylonites to breccias and phyllonites. The 20 km-
wide Murmansk Shear Zone of the Kola Peninsula,
which is considered to be a terrane boundary, also
extends into the northeasternmost parts of Finnmark
(Karpuz et al. 1995; Roberts et al. 1997). This compo-
site lineament zone has a strike extent of c. 150 km, and
its multiphase history includes reverse and strike-slip
ductile deformation of Late Archaean age.

The Trollfjorden-Komagelva Fault Zone (TKFZ of Fig.
1; Siedlecka & Siedlecki 1967, 1972; Roberts 1972; Kar-
puz et al. 1993a), which strikes approximately N125°E,
belongs to this population. This is a crustal-scale,
multiphase zone of weakness of Neoproterozoic origin,
which is considered to have initiated as an extensional
structure during Riphean-Vendian basinal sedimenta-
tion (Siedlecka & Siedlecki 1972), and was later inver-
ted during the Timanian (Baikalian) orogeny (Roberts
1993, 1995; Herrevold 1994; Roberts & Karpuz 1995).
This was followed by strike-slip and dip-slip reactivati-
ons in Palaeozoic and Mesozoic times. It is also believed
to have acted as a transfer zone during Caledonian
nappe emplacement (Kjode et al. 1978; Rice et al. 1989,
1995). Along strike to the southeast, this major fault
zone is recognised in Northwest Russia (Roberts 1995),
while its offshore continuation to the northwest shows
evidence of reactivation in Triassic-Jurassic time
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Fig. 7. Filtered lineament map of southern Norway, displaying the southern part of the Oslo-Trondheim Zone and the NE-SW to E-W linea-
ments of south-central Norway. Note that the NE-SW to E-W lineaments include at least three populations with cross-cutting relations. Also,
note that most of these lineaments terminate abruptly on intersecting the N-S-trending population of the Oslo-Trondheim Zone. The Oslo zone

is wider than the present Oslo Graben, and the zone narrows towards the north.

(Gabrielsen & Faerseth 1989).

The Caledonian nappes of Finnmark are transected by
NW-SE to WNW-ESE-trending lineaments, many of
which are prominent faults with breccia and gouge
zones. It has been shown that some of these structures
can be followed offshore into the Troms-Finnmark
Platform (Lippard & Roberts 1987; Gabrielsen & Feer-
seth 1988, 1989). Reactivation along these structures is
inferred to have occurred in Late Palaeozoic and mid
Mesozoic time during the formation of offshore sedi-
mentary basins.

The NW-SE lineaments of the Mpre-Trondelag Fault
Complex are significantly different from the WNW-ESE
lineament populations in that they are shorter, and
constrained either within the very fault complex itself,
or especially on its northwestern side (Olsen et al. 2001;
Titus et al. 2002). They also form an angle of approxi-

mately 20° with the More-Trendelag Fault Complex.
Field investigations suggest that this population inclu-
des faults that are partly secondary, rotational fractures
within the Mere-Trondelag Fault Complex (Olsen et al.
2001), and partly segments of a larger fault system (Eli-
assen et al. 2001). It has been postulated by Grenlie et
al. (1991) that these NW-SE fractures are related to a
stress field of Tertiary age related to ridge-push forces,
the inversional effects of which are known from off-
shore Mid Norway (e.g., Vignes et al. 1997; Pascal &
Gabrielsen 2001).

Discussion

The present lineament analysis is different, in several
respects, from those previously performed in Norway
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(Ramberg et al. 1977; Gabrielsen & Ramberg 1979; Rat-
hore & Hospers 1984). In this case, two completely new
Landsat datasets were acquired, and processing was car-
ried out by use of modern standard methods. This
implies that the resolution is generally higher, and that
all images are of a similar high quality. Hence, the data-
base as such is considered to be much more homogene-
ous. Furthermore, based on recently acquired field
knowledge about the fracture systems on the Norwe-
gian mainland as a whole, as well as applying modern
computer methods for the flexible handling of data, it
was possible to identify separate lineament populations
from the start, and to test and adjust this classification
during the course of the work. Recent, more refined
techniques for the dating of fault rocks, as well as
improved possibilities for offshore-onshore correla-
tion, have facilitated absolute and relative age determi-
nations. Finally, statistical and contouring methods
have been used in the analysis. Although such methods
have also been used previously (Rueslatten et al. 1996),
those early analyses were conducted using the old linea-
ment dataset (Gabrielsen & Ramberg 1979). In general,
however, the re-investigation of the lineament systems
does seem to confirm the broad conclusions drawn by
Gabrielsen & Ramberg (1979).

Taking the Norwegian mainland as a whole, several
zones 'of high lineament frequency are defined along
diverse trends. The most prominent N-S-trending line-
ament sets are the Oslo-Trondheim, Bergen and Finn-
mark zones. It has been possible to map these populati-
ons in greater detail and to identify more clearly their
internal architecture and crosscutting relationships to
other lineament zones. Considering the close spatial
relationship between the Oslo-Trondheim Zone and
the Oslo Graben, it is obvious that many of the fractu-
res (some of which are filled with dykes) associated
with this zone are of Permian age. In contrast, both
magmatic and tectonic activity continued throughout
the Triassic (Fossen & Dunlap 1998) and into the latest
Jurassic in the Bergen Zone (Farseth et al. 1976; Faer-
seth 1978; Eide et al. 1997; Fossen et al. 1997). More
detailed investigation has revealed that, although stri-
king nearly N-S on a regional scale, both the Oslo-
Trondheim and the Bergen zones are composed of indi-
vidual lineaments varying in strike from NNE-SSW to
NNW-SSE (Fig. 5). A similar pattern of anastomosing
lineaments is seen in the case of the Baltic-Bothnian
Zone in northern Norway and Sweden.

The two major, N-S-trending lineament zones of sou-
thern Norway (Oslo-Trondheim and Bergen zones) are
flanked by regional sets of NNE-SSW to NNW-SSE-
trending lineaments. These are affiliated both with
older basement faults and with shear zones, many of
which are characterised by ductile deformation (Man-
dal-Ustaoset Fault Zone - Sigmond 1985; the Kongs-
berg-Bamble fault system - Starmer 1993, 1996; the

Protogine Zone - Berthelsen & Marker 1986; Gorbat-
chev & Bogdanova 1993). It is therefore concluded that
these lineament trends together represent a megafrac-
ture pattern of profound weakness, which has had a
strong influence on later structuring of the Norwegian
mainland and the adjacent continental shelf (Gabri-
elsen et al. 1999).

The ENE-WSW lineament complexes repeat themselves
with some regularity (Gabrielsen & Ramberg 1979).
Three main zones belong to this population, namely
the South Norway Zone, the More-Trondelag Fault
Complex and the Vestfjorden Zone. On closer inspec-
tion, however, these zones are quite different in terms
of architecture, age and history. Thus, the E-W to ENE-
WSW lineament population encompasses at least three
separate lineament sets varying in strike between E-W
and ENE-WSW. Among these are fault zones with a
long and complex history and with displacements in
the order of kilometres (e.g., the Fedafjorden Fault -
Falkum 1982; Aamodt 1995) and dyke swarms of Neo-
proterozoic age (Bingen et al. 1998; Bingen & Damaiffe
1999). Recent field studies have demonstrated that
many faults of these populations have been reactivated
under low P-T conditions (Aamodt 1995; Braathen &
Gabrielsen 1998, 2000, unpubl. data). However, it is
clear that the bulk strain is more or less evenly distribu-
ted over the entire zone.

In contrast, strain has been concentrated along a few
master fault strands along the More-Trendelag Fault
Complex, which show evidence of multiple reactivati-
ons (Grenlie et al. 1990; Watts 2001). Thus, this fault
complex, which is strongly hydrothermally altered and
mineralised, has accommodated diverse components of
contractional, extensional and strike-slip movements
through time. Stress-strain inversion modelling (Pascal
& Gabrielsen 2001), and structural and microscopic
investigations, have indicated that some of the faults in
the fault complex are extremely weak, arising from a
pervasive fluid influx that led to a profound long-term
weakening at depth (Watts et al. 2000; Watts 2001).
This confirms the great potential for reactivation of the
fault complex. As noted earlier, The More-Trondelag
Fault Complex has regional dimensions, and can be
traced offshore where it defines the southern margin of
the More Basin, and across the northern North Sea
towards Shetland. In contrast to the ENE-WSW linea-
ments of southernmost Norway, the More-Trondelag
Fault Complex cuts through the Oslo-Trondheim Zone,
confirming its status as a structure along which signifi-
cant deformation has taken place at a later (Mesozoic)
stage.

The offshore part of the Vestfjorden zone is expressed
as an extensional fault with a throw in the order of kilo-
metres, delineating the Vestfjorden Basin to the north.
The involvement of Late Jurassic rocks sets a clear time
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constraint on this activity. Although easily identified as
alineament zone in remote sensing data, it is a less pro-
nounced structure than the More-Trendelag Fault
Complex.

Accordingly, it is concluded that the E-W to ENE-WSW
lineament populations incorporate a variety of structu-
res covering a time span from Neoproterozoic to Terti-
ary. It is likely that they reflect an old system of crustal
weakness zones, which has been reactivated to a varying
degree. However, based on the data currently at our dis-
posal, it is not possible to verify this assumption.

The NW-SE to WNW-ESE lineament populations are
clearly different from those mentioned above in that
the lineaments are almost evenly distributed throu-
ghout the study area. Also, there is a clear tendency for
these lineaments not to penetrate significantly into the
Oslo Graben area and the Mgre-Trendelag Fault Com-
plex. This seems to confirm that the NW-SE to WNW-
ESE lineament trends represent an inherited structural
grain, arising from a megafracture pattern imposed on
the western Fennoscandian Shield during Proterozoic
time (Stromberg 1976). Evidence from northern
Scandinavia and Russia shows, in fact, that several of
these NW-SE to ENE-WSW lineaments originated
during the Archaean.

Conclusions and future work

The present work provides a new lineament database
for Norway, which is more flexible for statistical analy-
sis and correlation than those that have been available
so far. It is important to realise that the interpretation
has been performed at the scale of 1:750,000. Data are
compiled in a digital format that can be overlain upon
all types of satellite data and aerial photographs, topo-
graphic data, and geological and geophysical maps,
which can then be magnified according to the needs of
the analyst. In such operations, however, the resolution
of the lineament interpretation will be inadequate, and
may result in cases where the lineament traces may
appear to cut or displace geological and topographical
elements. Combining lineament data of different scales
should therefore be avoided. In spite of these restric-
tions, it can be mentioned that a program for enhanced
interpretation of key areas at a scale of 1:250,000 or less
is in progress, and these interpretations will be added to
the present database as they appear. These additional
interpretations will also be supplemented by field inve-
stigations covering the most important lineaments.
Such field and other data will be available through the
central database of NGU (www.ngu.no).

Field checking of lineaments is progressively adding
data to the lineament database. Characteristically,

almost all lineaments visited in the field turn out to be
faults. The clarity of their topographic expression gene-
rally reveals their structural importance, but there are
cases where an impressive topographic signature is con-
trolled by minor fracturing or other features. In most
cases, multiple faulting events can be distinguished and
many of the fault cores are characterised by a late stage
of soft fault rocks, suggesting very late movements.
Hence, the lineament/fault zones have recorded most, if
not all, post-Caledonian tectonic events that have affec-
ted the Norwegian mainland.
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