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In the area between Aurlandsforden and Naerovfjorden the Jotun Nappe Complex
can be subdivided into a lower thrust unit of mainly gneisses with mangerites, jotun

ites and minor supracrustals {The Flim unit), and an upper unit of mainly gabbroic
to anorthostic rocks (The Stiganosi unit). The basal thrust of the Nappe Complex
and the contact between the two internal units are blastomylonitic and characterized
by retragression of the original granulite-facies assemblages, Exrension of investiga-
tions into a larger part of the ‘Faltungsgraben’ indicates that the tectonic subdivision
of the Jotun Nappe Complex into a lower and an upper part has regional sigmifi

canre.
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Introduction

The area between Aurlandsfjorden and Neroyfjorden belongs geologically
to the Upper Jotun Nappe, which is shown to have a composite structure and
therefore from here on will be called the ‘Jotun Nappe Complex’. It is covered in
early rough maps and descriptions by Rekstad (1905), Reusch (1908) and
Goldschmidt {1916), and has not been restudied since until quite recently
when several informal reports have been written (Bryhni 1976, 1977, Bryhni
et al,, 1977, Qvale 1982).

In general, this part of the Caledonides has thick crystalline Precambrian
thrust nappes resting on Cambro-Ordovician and possibly older phyllites or
schists, which in tumn overlie the Precambrian basement. The general rela-
tions of this ‘nappe region’ have been studied in adjacent areas by Hedal
(1945), Landmark (1949), Skjerlie (1958), Kvale (1948, 1960}, Lacour (1969,
1971), Fareth (1977), Heim et al. (1977), Roberts (1977), Bryhni et al,, (1977),
Henry (1977), Henry and Lacour (1978), Sigmond (1978), Corfu (1980} and
others. Major problems are related to the tectonostratigraphy, age of the internal
movement zones and the derivation of the thrust nappe complex: do the
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internal subdivisions, made in scattered areas (Skjerlie 1958, Lacour 1969,
Battey & McRitchie 1973, Bryhni 1976 etc.), have any regional significance in
the sense that the Jotun rocks can be subdivided into several independent
thrust. nappes? And if so, was the internal thrust sequence established
during or prior to the Caledonian orogeny? Is the Jotun Nappe Complex
rooted below the ‘Faltungsgraben’, as favoured in recent years by Smithson &
Ramberg (1970), Battey & McRitchie (1973), Smithson et al. (1974) and
Banham et al. (1979), or has it been derived from far off the coast as advocated
by Holtedahl (1936), Kvale (1948, 1960), Naterstad et al. (1973) and recently
by Hossack (1976), Heim et al. (1977) and Henry (1977)?

The area between Aurlandsfjorden and Neeroyfjorden is important for the
solution of some of these problems, since the Jotun Nappe Complex here
appears to be composed of two separate mappable, tectonic units (Fig. 1). The
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Fig. 7. Simplified geological map of the area between Aurlandsfiorden and Naroyfjorden.
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aim of the present paper is first to give a general description of these units and
second to extend the tectonostratigraphy into a larger part of the ‘Faltungs-
graben’.

General geology

The two tectonic units between Aurlandsfjorden and Nereyfjorden can be
named after localities exposing their characteristic development:

1. Stiganosi unit, with gabbroic rocks, anorthosites and ultramafites.

2. Flam unit, with gneisses, hornblendite, relics of mangeritic-jotunitic rocks
and narrow bands of quartzite with amphibolite. Its basal thrust zone is
characterized by schistose gneisses, I:rlasmrn}r]unites and irregular interca-
lations of metamorphosed psammitic rocks (sparagmites?).

The Stiganosi is separated from the underlying Flam unit by a crushed or
cataclastically deformed zone, assumed to represent a major thrust fault.
Minor low-angle faults are parallel to this boundary and quartzitic rocks
often occur at intervals below it. Rb/Sr radiometric dating indicates that
rocks within the lower unit are more than 1600 m.y. old, but that Sveconor-
wegian regeneration with amphibolite-facies metamorphism took place
1000-1200 m.y. ago (Bhanumathi & Bryhni, unpulished).

A few dykes of granodioritic composition have been observed, but only in
the upper unit. They are related to the igneous activity so prominent in the
Ardal-Kaupanger area farther to the north and where a Rb/Sr date of about
450 m.y. was recorded by Barthomier et al. (1972). Recent studies by
Koestler (1982) indicate, however, that these late- or post-tectonic intru-
sives are actually about Y00 m.y. and thus late Sveconorwegian in age.

FLAM UNIT

The lowermost thrust unit is well exposed in the area close to Flam railway
station and in the lower part of Flimsdalen where it overlies a more than 800
metres thick tectonic unit of phyllite (Fig. 1). The most important rocks are
described below.

A, Cataclastic Rocks

The cataclastically deformed, often schistose zone at the base of the Flam unit
varies in thickness from a few metres to a few hundred metres. The effect of
flattening within this thrust zone is demonstrated locally by the presence of
boudins and by the realignment of originally cross-cutting pegmatite dykes
into parallelism with the main foliation.

The rocks closest to the phyllite (0-100 m above the contact north of
Aurland) are developed as compositionally layered blastomylonitic gneiss
with a planar foliation parallel to the contact. There is no distinct lineation
within the closely spaced foliation surfaces and the banding is often tran-
sected by dykes of black, flinty ultramylonite and cataclasite. A sample of
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such an ultramylonite dyke from only a few metres above the phyllite contact
has a distinct fluxion structure defined by alignment of flat, irregular
domains with different coloration formed by diminuation of individual mine-
rals of an original medium-grained rock. Few mineral fragments in this rock
exceed .2 mm in their longest dimension and most of the grains in the
matrix are too small to be resolved under the microscope. Another sample,
collected along the road below Skjerdal about 100 m from the contact, is
massive and with only a faintly visible fluxion structure. Grain outlines indic-
ative of a pre-existing medium-grained fabric can be seen in plane-polarized
light, while inspection with crossed polarisers reveals that the average grain-
size is less than 0.1 mm. Chlorite and calcite have formed in the matrix and
quartz occurs in minor veins cutting through the rock fabric.

It is difficult to evaluate the exact extent of recrystallization in cataclasti-
cally deformed rocks, but the lack of easily visible strain effects in the matrix
grains indicates that most of the investigated samples were strongly recrystal-
lized. A rock from the thrust sole at Fronsdalen apparently consists of 704
recrystallized grains less than 1 mm in size and 30% of porphyroclasts about
0.2 mm across. It is a typical blastomylonite derived from similar feldspathic
rocks as those occurring higher up in the nappe, possibly with some addition
of new sericitic mica during cataclasis. Some have a laminated or finely
layered structure falsely reminicent of supracrustal rocks, which may occur
locally, however. Thus, a quartzose, grey-black, quartz net-veined blastomy-
lonite in the contact zone along the west side of the fiord north of Fliam rail-
way station represents a severely altered psammitic rock. It is composed
mainly of quartz (c. 60%) and sericite (c. 40%), and makes up a layer only afew
metres thick above black phyllite. Feldspathic sandstanes with primary flood
structures like coarse graded bedding, cross-bedding and cross-lamination
have been recorded by Bryhni et al. (1977} in a similar tectonic position just
outside our map-area (Ljosberget, southeast of Flim]. On the basis of our
evidence, it is likely that also the sericite-quartz blastomylonite at Flam is, in
fact, a remnant of Valdres Sparagmite-type psammites which have become
overridden by the Jotun Nappe Complex and are only preserved in places
within the thrust zone.

B. Gneisses and deformed plutonic rocks

The Flim unit consists mainly of gneisses which sometimes appear to have
formed by cataclastic deformation, recrystallization and neomineralization
from original plutonic rocks. The rocks have various mixtures of feldspar
(microperthite, microcline, plagioclase), quartz, orthopyroxene, clinopyr-
oxene, biotite, amphibole and gamet as essential minerals. Quartz rarely
makes up more than 20% of the modes. Thus they classify in the field between
syenite and gabbro, and can often be termed mangeritic or jotunitic, It is diffi-
cult to distinguish the different types in the field because the extent of secon-
dary alteration is so variable. - Relatively unaltered mangeritic rocks are
massive, medium- or coarse-grained with pale-brown, pink or grey feldspar.
The feldspar is string microperthite or mesoperthite broken down in gneissic
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varieties to a more fine-grained mosaic of microline and acid plagioclase. This
transformation is accompanied by complete alteration of original pyroxenes
to amphibole, biotite and epidote.

C. Quartzite with amphibolite

A rock composed essentially of quartz (c. 70-90') occurs in intimate associa-
tion with amphibolites as regionally distributed layers, up to a few hundred
metres thick. Apart from quartz the rock contain potash feldspar (including
microperthite), plagioclase, biotite and minor white mica, sphene and
epidote. Grain-size varies from medium-grained to very fine-grained, but the
rock is mesoscopically often a ‘glassy’” white and grey orthoquartzitic rock.
Hodal (1945) described corresponding rocks as ‘silexites' of inferred
magmatic origin, but we would rather interpret them as originally supra-
crustal rocks, either older than the associated gneissified mangerites-jotunites
or tectonically interlayered with them. Fareth (1977) has described similar
quartz rocks from his ‘Klovafjell Group’, and we must conclude that metase-
dimentary rocks have a much wider occurrence in the Jotun Nappe Complex
than hitherto recognized.

CONTACT BETWEEN FLAM AND STIGANCOST LINITS

The contact between the two units is distinct on the western side of Neroy-
fiorden where it is a cataclastic zone, a few metres thick, which also cuts obli-
quely into the overlying Stiganosi unit. It is less conspicuous to the east of the
fiord where it often is merely a cataclastically deformed contact zone between
lithologically different rocks. To the southwest of Gudvangen it has also been
mapped over extensive areas outside the present map-area. There the contact
is a strongly deformed zone that appears to be affected by regional folding
along an ESE-axis. Gabbroic rocks near the base of the Stiganosi unit above
Jonadalen are strongly flattened and gneissified towards this cataclastic
zone, which here follows closely a zone of quartzite with amphibolite, Quart-
zite also occurs in the strongly tectonized marginal zone of anorthositic rocks
southwest of Gudvangen where also dykes of granodiorite are involved in the
deformation (Ottesen, pers. comm. 1978). Schistose meta-anorthosites in the
contact zone have retrograde mineral assemblages (sodic plagioclase down to
An, |, epidote, chlorite and white mica).

STIGANOS] UNIT

The uppermost thrust unit is typically developed in the high ground west of
Undredalen—Jonadalen where it underlies the mountain Stiganosi and the
plateaux southwestwards toward Skammadalshegdi (Fig. 1). The body of
essentially gabbroic rocks at Stiganosi can be correlated with bodies of main-
ly anorthositic rocks northwest of Nereyfjorden and southwest of Gud-
vangen. A large body of gabbro-norite at Grindaflet-Skammedalshegdi
bounded by blastomylonitic rocks with local quartzite can possibly be
related to the same unit. The most important rocks are described below.
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A, Anorthostic rocks

The largest anorthostic body, southwest of Gudvangen, is exposed in 1,200
metres high, almost vertical cliffs, above a sole of amphibolite, schistose
gabbro, quartzite and blastum}flmﬂtes. Another occurrence, a layer 100 m
thick in gabbroic rocks between Undredalen and Gudvangen, has a
blastomylonitic base and grades upwards into the gabbroic rocks or their
amphibolitized derivatives. Small anorthostic bodies or layers less than 1 m
thick also occur within the gabbro-norites, especially in the Grindaflet area.
Primary igneous layering is locally preserved, but the rocks have more often a
foliation parallel to the axial planes of tight folds. It would therefore appear
that the more than 1,200 metres thickness of the Gudvangen anorthositic
body is due to tectonic repetition of thinner layers.

The relative contents of dark minerals vary, so that there is a gradual tran-
sition from true anorthosite to anorthositic gabbro. The main minerals of
such anorthositic rocks are plagioclase Angg_75 (with inverse zoning up to
Ang) ), olivine, clinopyroxene, garmet, amphibole, corundum and spinel.

The first foliation with flattened coronas of pyroxenes and garnet around
original olivine (Griffin 1971 a) is cut by gabbroic dykes with marginal en-
richment of gamet. Such dykes are locally strongly flattened in the foliation
surface and altered to conformable amphibolitic layers. Schistose zones in the
anorthositic rocks have fine-grained retrograde mineral assemblages, and
contain a penetrative ESE-WNW trending lineation which is not found in
the associated massive rocks. Thus, there are probably various sets of folia-
tions formed under different metamorphic conditions spanning from the
granulite to the greenschist facies.

B. Grabbroic rocks

The gabbroic rocks comprise banded as well as massive gabbro-norites or
basic granulites with their amphibolitized derivatives. Plagioclase, orthopy-
roxene, clinopyroxene, amphibole and garnet are the main minerals.

A regular alternation of light and dark layers is characteristic for large parts
of the gabbroic massif between Undredal and Neerayfjorden, where the rocks
often have a gneissose aspect. The light bands are relatively enriched in
plagioclase, and locally contain dark red garmnets in crystals up to several
centimetres across. The dark layers are relatively enriched in amphibole.
Other varieties are massive or display igneous graded layering, as is typically
developed in the Grindaflet—Skammadalshogdi body.

Blastomylonitic zones, up to 50 metres thick, transect the gabbroic rocks
and locally include varieties that can be termed plagioclase augen gneisses,

C. Ultramafite

About 25 isolated occurrences of ultramafite have been mapped as inclusions
in the gabbroic rocks. To this can be added many minor disrupted layers or
ultramafic basal parts of graded beds in gabbro-norite. Post-crystalline
tectonic movements within the main rock body led to disruption of the layers
into fragments which become enclosed within the gabbroic rocks.
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The main minerals of the ultramafite are olivine, orthopyroxene, clinopy-
roxene, amphibole, spinel and plagioclase. Orthopyroxene is always present
in the contact zone between plagioclase and olivine, and the whole ultrama-
fite body is usually bounded by an amphibolized reaction rim of enstatite,
clinopyroxene and spinel towards the surrounding rocks, as described by
Griffin (1971 b) from Jotunheimen. Garnet may be concentrated in the outer
part of the reaction rim.

Igneous layering is sometimes developed in the ultramafite, grading
upwards from olivine-rich to pyroxene-spinel-rich layers, The thickness of
such graded layers is usually several metres, and locally there may be conti-
nuous gradation from the upper pyroxene-rich part of the layer into gabbro-
norite,

Linear structures

The primary igneous layering in the original Jotun plutonites has been oblite-
rated in most places by strong transposition and isoclinal folding along axes
trending between E-W and ESE-WNW. Stereograms of poles to the folia-
tion and compositional layering show diffuse girdles around the same ESE-
WNW axis, which is transverse to the axial trend direction of the Caledo-
nian ‘Faltungsgraben’. Pegmatite dykes sometimes cut foliated rocks with
transverse linear structures, and limbs of major folds with this orientation are
cut at the contact to the underlying phyllite. Such evidence - seen in conjunc
tion with the limited radiometric data - suggests that the transverse axial
structure in most cases pre-date the Caledonian emplacement of the Nappe
Complex. There is, however, also evidence that transverse linear structures
have been formed subsequent to emplacement. For example, the basal thrust
zone south of Flam is folded along an ESE-WNW axis, and similar trending
lineations can be found in the phyllites and in the uppermost, ‘Caledonized’
part of the basement. We conclude, therefore, that the transverse linear struc-
tures have a composite origin both pre-dating and post-dating the Caledo-
nian thrusting in the area.

A later deformation is recognizable as regional folds along the NE-SW
Caledonian trend. Tt has affected the trust zone and is also visible as open,
upright folds in schistose zones in the interior of the Nappe Complex. Struc-
ture-contour maps show that the basement/phyllite contact forms a series of
regional elongated domes and basins with a similar Caledonian trend (Fareth
1977), and the ‘Faltungsgraben’ itself could be related to this phase of de-
formation.

In the area to the southeast of Aurland, Fareth (1977) found either calca-
reous schist or a zone of cataclasis and retrograde-metamorphosed rocks
between groups which we correlate with our Flim and Stiganosi units.
Reconnaissance geological mapping by us in the area between Neeroyfjorden
and Sognefjorden has indicated that the two major tectonostratigraphic units
are developed over alarge area (Fig. 2, and Bryhni et al. 1977, Qvale 1982). At
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Sogndal the contact can be tied up with the boundary described by Skjerlie
(1958) and Lacour (1969) between lower groups of essentially alkalifeldspar-
bearing rocks and upper groups of rocks with abundant plagioclase. The
Flam unit is, however, in these western parts of the ‘Faltungsgraben’ probably
underlain by one or possibly two thrusts which are not found in the
Aurlandsfjorden—Neroyfjorden area. The lower of these units has even
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recently been considered (Roberts 1977) to represent psammitic rocks
(‘Valdres Sparagmite’) but is more likely to represent cataclastically
deformed gneisses with only minor and locally distributed sediments. Its
position at the base of the Jotun Nappe Complex probably indicates that it
represents an analogue to the Valdres Nappes east of the ‘Faltungsgraben’,
albeit in a very cataclastic state and with more basement than cover sedi-
ments represented.

A summary of the tectonostratigraphy is given here as Fig_ 3. The apparent
continuation of at least some of the tectonic units across the ‘Faltungsgraben’
indicates that the contacts are thrusts of regional significance. Movements
along the contact between the two major units of the Jotun Nappe Complex
have probably been extensive in this part of the ‘Faltungsgraben’ since dykes
of granodiorite here appear to be present only in the upper unit (Bryhni et al.
1977, Henry 1977). The dykes are usually undeformed, but tend to become
strongly deformed in the contact zone between the two units (Ottesen, pers.
comm. 1978). Thus, at least some of the movement along the contact zone
post-dates the intrusive date of about 900 m.y. recorded by Koestler (1982]
and must then be either late Sveconorwegian or Caledonian in age. The
contact south of Gudvangen shows local inversions which indicate a stronger
folding than can reasonably be expected in the Jotun Nappe Complex during
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any of the Caledonian events, and the emplacement of the Stiganosi unit
upon the Flim unit thus most likely pre-dates the Caledonian orogeny.

At Fillefjell, Corfu (1980) has subdivided the Jotun Nappe Complex into
three subunits which were emplaced as nappes in a tectonic sequence and
later metamorphosed prior to the movement of the whole pile as a Caledonian
nappe with negligible internal deformation. The story in the area around
Sognefjorden may turn out to be similar to that at Fillefjell although there is
as yet no radiometric evidence.

The geometry of the internal thrust in the Jotun Nappe Complex and the
presence also of supracrustals leads us to believe that the units are relatively
shallow sheets which have been derived by horizontal thrusting rather than
upthrusted from a root below the ‘Faltungsgraben’.
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