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Regional foliation patterns in gneisses as an aid to the
correlation of metasupracrustal units in the Western
Gneiss Region, southern Norway
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Introduction
This contribution is a preliminary report from
recent mapping in the area covered by the
1:250,000 map-sheets 'Alesund' and 'Ulsteinvik'.
These cover the major and central part of what
Gjelsvik (1953) called the "North West Gneiss
region of Southern Norway", hereafter abbrevia-
ted to 'WGR'. This regional project has provided
an opportunity to carry out reconnaissance map-
ping in the area, extend or link different exotic
rock units, and compare subareas investigated
previously in detail by others, in the light of
modern tectonic models and using computer-
based methods for storing and retrieving data.
With few exceptions, most of the work in the
WGR, after publication of an early regional map
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(Gjelsvik 1951), has concentrated on small are-
as where studies of special rock-types such as
eclogites and garnet peridotites as well as meta-
supracrustal units could yield information on the
petrogenesis of both the local rocks and the enti-
re WGR.

In addition to this study, two other mapping
projects with a similar basic methodology have
been reported. These include mapping of the
Trollheimen tectonostratigraphic sequence as far
west as Vigra (Robinson & Krill in press), and the
linking of the partly supracrustal Vikvatnet unit at
Tafjord (Brueckner 1977) with metasupracrustals
at Lesjaskog (Santarelli 1989). The present stu-
dy incorporates information from these earlier
regional studies.
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Fig. 1. The area covered by the two 1:250,000 scale map-sheets Alesund and Ulsteinvik. The figure shows (in black) rocks with
characteristics similar to the allochthonous units in the Trollheimen - Oppdal area. 'Basement' in white. See text for details about
separation of the two categories. Localities where quartz pebble conglomerate is observed are marked with x. Some of the locations
mentioned in the text are marked by capital letters: Grotli G, Lesja L, Litjdalen LD, Sunndalsera S, Tafjord T, Trollheimen TR, Vigra
V. Oppdal is located 50 km east of Sunndalsera, outside the map area.
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Methods

A map has been compiled for testing a base-
ment/cover model where all possible ‘paragneis-
ses' or 'cover rocks' together with slices of trans-
ported Precambrian basement constitute one
allochthonous group. A second group comprises
'basement' of intrusive gabbros, dioritic, quartz-
dioritic and granodioritic orthogneisses with
minor xenoliths of Precambrian paragneiss, and
pockets of autochthonous meta-arkose and
basal conglomerate (Fig.1). A field test for inclu-
ding a rock unit within the 'cover rocks' has been
that it should have a petrographic and textural
resemblance to one of the rock units found abo-
ve the basal conglomerate that occurs along the
eastern margin of the study area and in the
Tafjord region. Anorthosites and ultramafic rocks
are also included in the allochthon. This is justifi-
ed by the fact that an increasing number of these
rock-types have been observed within the shea-
red margins of allochthonous units, or in parag-
neisses of possible allochthonous origin.

In the preparation of the map of gneissic ban-
ding and concordant foliation (Fig. 2), about
8,000 measurements taken during the mapping
project have been used. Plotting these directly,
however, gave a map of very poor clarity due to
an uneven data distribution. 'Averaging' of data
over grid areas of convenient size was necessa-
ry. The most useful method in this case proved
to be that involving the calculation of eigenvec-
tors from the 3 x 3 matrix of the sums of cross
products of the direction cosines (Woodcock
1977). A computer program by Vollmer (1990)
has been used in this connection. The map
(Fig.2) is composed of 712 equally spaced stri-
ke/dip symbols with dip-dependent tick length.
Each represents the 'average' orientation of
gneissic banding within a rectangle measuring
3.6 km N-S by 6.6 km E-W.

Discussion

A detailed stratigraphic comparison would admit-
tedly be the most powerful method to find if rocks
can be correlated. In this area, however, field
observations have indicated several early tecto-
nic disturbances of the original nappe pile suc-
cession. Field relations for a few serpentinites
found close to amphibolites and garnet-mica
schists, which are their most common host
rocks, are probably best explained by separation
of rocks with strongly different rheologies during
deformation. It is also conceivable that the nap-
pe pile has been isoclinally folded and imbricated
both prior to and during the main intercalation
between crustal mega-lenses. A rigorous strati-
graphic correlation of rocks seems, therefore, to
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be impossible, except in the coastal areas from
the northeastern corner of the map to Vigra (V'
in Fig. 1). Here, a remarkable consistency in
sequential order may be demonstrated, although
the thicknesses in the western part are only frac-
tions of what they are further northeast
(Robinson & Krill in press). This dramatic attenu-
ation seems to be restricted to this area, follo-
wing a penetrative, sinistral, simple-shear defor-
mation. In the southern and southeastern parts
of the map area, open folding and an alternating
shear sense prevail as products of the last ducti-
le deformation, whereas the possible cover rock
units usually show a map pattern of irregular
rootless and recumbent folds. These contrasting
deformational styles call for structurally founded
methods as an aid to correlation.

During the period of this study, the tectono-
stratigraphic sequence of Trollheimen (Krill
1985) has been traced southwestwards to
Sunndalsera (Fig. 1). Here, the strata are more
or less horizontal and are separated from orthog-
neissic basement by mylonites and discontinu-
ous occurrences of basal conglomerate and
meta-arkose. Based on arguments from Rb-Sr
dating of metasupracrustals, Bryhni and Aas
rejected Krill's correlation (Krill 1985) of the
Trollheimen rocks with the Fjordane complex
that lies further to the southwest of Sunndalsora
(Aas 1986, Bryhni 1989). Observation of meta-
sediments occurring beneath allochthonous
rocks in Sogn supports the view of Aas and
Bryhni.

Santarelli (1989, p.219) correlated the meta-
supracrustals of Tajord, Grotli and Lesja (TGL)
with the Fjordane complex and agreed with Aas
and Bryhni’s objection to correlating the TGL
and the Trollheimen tectonostratigraphic
sequence.

In this study a model is discussed where most
of the Fjordane complex (as defined in Bryhni
1989, p. 227), the TGL and the westernmost part
of the Trollheimen allochthonous pile are deline-
ated (black in Fig. 1). Both alternative correlati-
ons mentioned above are thus accepted in this
context. Grouping of the cover units and base-
ment units in this way implies that at some
advanced stage in the development of a thicke-
ned crustal collision zone, the thin-skinned
allochthonous units formed imbricated and com-
plexly folded units trapped between thicker,
parautochthonous/autochthonous wedges of
more homogeneous, plutonic basement.

This model is similar to that proposed by
Bryhni (1989, fig.5) but with the addition that
nappes formed early in the collision and transla-
ted onto the rigid foreland were subsequently
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Fig. 2. The strike and dip symbols display the 'average' trend of gneissic banding within rectangular cells of 24 km2. There are 712
such cells with 7,900 single measurements. A short tick length reflects a steep dip of the banding. See text for details about calcula-

ting the 'average' values of orientation data.

enclosed between thicker imbricating crustal
segments in the late phase of collision, together
with deposited supracrustals. Most of the ban-
ding and the migmatites have subsequently been
rotated into concordance with major lithological
units, also during the extensional collapse of the
orogenic welt.

Comparing the map of strikes and dips of
gneissic banding and foliation (Fig. 2) with the
‘cover rock map' (Fig. 1), one may conceive
three possible situations based on the simple
idea that each phase of major regional deforma-
tion greatly increases the degree of apparent dis-
memberment of an originally continuous layer as
displayed on a map. In the first case, folding
and shearing during deformation could have
preserved the remains of 'cover rocks' as elon-
gated patches aligned parallel to the banding
and foliation over considerable distances, even if
the 'cover rocks', at the late stage of collision,
were discontinuously distributed. This would
support the correlation between the individual
'cover rock' patches as shown in Fig. 1.
Secondly, a regional distribution, which is totally
independent of the mesoscopic banding, may
indicate a longer co-residence related to the
deformational history. In this case, the 'cover
rocks' would have been involved in regional fol-
ding and deformation prior to the last phase of
major banding and foliation development; or
intrusions may have broken the connection bet-

ween the spatially separated 'cover rocks'. A
third possibility is that certain groups of 'cover
rocks' align along the foliation while others do
not; this would tend to support the apparent lack
of correlation between these groups as argued
by Aas, Bryhni and Santarelli.

It is the opinion of the present author that the
alignment of most 'cover rocks' along the ban-
ding and foliation is so strong that the first of the
three alternatives is considered the most likely.
Some discrepancies may possibly be explained
by the effects of a later, extensional deformation
along discrete zones.

In the eastern and southeastern part of the
map area, a gentle easterly dip prevalils, yielding
several larger outcrops of 'cover rocks' exposed
mainly on high mountain ridges. The situation is
different west of a line NNW-SSE along
Sunndalsfijorden and Litjdalen where a major
system of faults may have been active during an
extensional phase. The rocks on the western
side of these faults are mostly of 'basement'
type.
The fault along Sunndalen and Litjidalen may
be genetically related to an anomalous zone,
apparent on both maps, trending E-W and loca-
ted north of the centre of the map. In Fig. 1 this
zone is marked by a conspicuous corridor devoid
of any 'cover rocks'. In Fig. 2 the foliations are
always steep and more consistently E-W tren-
ding along this zone. One interesting working
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hypothesis to explain this structure is the mecha-
nism proposed by Séranne (1992) whereby fol-
ding parallel to a low-angle 'top-to-the-southwest'
shear movement promotes disruption along ste-
ep shear zones parallel to one set of fold limbs.
In the area south of Sunndalsera, the shear zone
curves towards north and back towards west
about 10 km further west. Combined with a sinis-
tral movement, this would have set up a com-
pressional stress, possibly released by faulting
along horst-like structures along the west side of
Litidalen (Tveten & Lutro, map-sheet 'Alesund’,
in prep.). The lack of 'cover rock' observations in
the shear zone may have been brought about by
a more effective tectonic homogenisation in the
extensional simple shearzones than elsewhere
in the WGR.

Concluding remarks

There still seems to be a possibility that the
majority of the paragneiss, together with some
orthogneiss, anorthosite and serpentinite, may
be correlated with the allochthonous pile in
Trollheimen - Oppdal, even in those cases where
isotopic evidence is indicating a different history.
The isotopic evidence seems to be partly in con-
flict with both the observation of striking petro-
graphic similarities and the regional structural
pattern as reported in this study.

If one assumes that nappe translation occur-
red at some distance from the initial suture, the
presented data support the idea that crustal
imbrication took place elsewhere and indepen-
dently of the suture, so that allochthonous cover
rocks could have been brought in between crus-
tal mega-lenses. This conforms with the ideas of
Cuthbert et al. (1983, fig. 5), except that they
indicate that the main phase of nappe translation
was late in the development of the orogen, whe-
reas this study supports translation prior to the
last phases of crustal imbrication or formation of
discordant extensional shearzones . Finally, it is
considered that late ductile shear related to the
exstensional collapse of the orogen must be
regarded as an important mechanism for produ-
cing a consistently steep foliation along certain
discrete zones trending E-W.

Further work

To extend this work, a more comprehensive sub-
division into structurally cylindrical subdomains is
necessary. This will involve detailed mapping of
some key areas with supplementary measure-
ments of structural elements. Hopefully, it will be
possible to separate late shear domains (and
gneissic textures ?) related to extensional defor-
mation from the earlier compressional phases.
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More petrographic and petrochemical work on
existing sample material will probably make it
possible to include more of the ‘common gneis-
ses' in the group of 'cover rocks', and to subdivi-
de the ‘cover rocks' into at least three units. The
study area should be expanded to include the
remainder of the WGR towards the southeast.

With a regional model of this kind available,
future workers in petrology, geochronology and
geophysical modelling in the actual area will be
able to classify their sample material in a more
meaningful manner.

Acknowledgements

| thank the following for comments on an earlier version of this
paper; Elisabeth Eide, Alan Krilll Peter Padget, Anna
Siedlecka. | also thank Ole Lutro for many years of coopera-
tion in the field.

References

Aas, A.G. 1986: Tektonometamorf utvikling for ortogneiser og
suprakrustale enheter i Sykkylven-Stranda omradet,
Sunnmore. Cand.Scient. thesis, Univ. Oslo, 149 pp.

Brueckner H.K. 1977: A structural, stratigraphic and petrologic
study of anorthosites, eclogites, and ultramafic Rocks,
Tafjord Area, western South Norway. Nor. geol. unders.
332, 53 pp.

Bryhni |. 1966: Reconnaissance studies of gneisses, ultrabasi-
tes,eclogites and anorthosites in Outer Nordfjord, Western
Norway. Nor.geol.unders., 68 pp.

Bryhni |. 1989: Status of the supracrustal rocks in the Western
Gneiss Region, S Norway. In: Gayer, R.A.(ed.), The
Caledonide Geology of Scandinavia, Graham & Trotman,
London, 221-228.

Cuthbert S.J.,Harvey M.A. & Carswell D.A. 1983: A tectonic
model for the metamorphic evolution of the Basal Gneiss
Complex, Western South Norway. J. metam. Geol. 1, 63-
90.

Gijelsvik, T. 1951: Oversikt over bergartene i Sunnmere og til-
grensende deler av Nordfiord. Nor. geol. unders. 179, 45

pp.

Gijelsvik, T. 1953: Det nordvestlige gneisomade i det sydlige
Norge, aldersforhold og tektonostratigrafisk stilling. Nor.
geol. unders. 184, 71-94.

Krill A.G. 1985: Relationship between the Western Gneiss
Region and the Trollheimen Region: Stockwerk-tectonics
reconsidered. In: Gee,D.G., & Sturt, BAA. (eds.) The
Caledonide Orogen - Scandinavia and Related areas,
John Wiley & Sons, Chichester, 475-484.

Robinson P. & Krill A.G. 1994: Definitive extension of
Trollheimen tectono-stratigraphic sequence and evidence
for late Scandian sinistral shear in deep synclines near
Molde and Brattvag, Western Gneiss Region. Nor. Geol.
Tidsskr. in press.

Santarelli N. 1989: Evolution structurale et metamorphique du
socle Precambrien de la chaine Caledonienne Scandinave
dans le Nord-Oppland-Norvége. Thesis, Universite Paris
VII, 619 pp.

Séranne M. 1992: Late Paleozoic kinematics of the More-
Trondelag Fault Zone and adjacent areas, central Norway.
Nor.Geol.Tidsskr. 72, 141-158.

Vollmer F.W. 1990: An application of eigenvalue methods to
structural domain analysis. Geol. Soc. Amer. Bull. 102,
786-791.

Woodcock N.H. 1977: Specification of fabric shapes using an
eigenvalue method. Geol Soc. Amer. Bull. 88, 1231-1236.



