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Introduction
The Ulven area is located in the Major Bergen Arc approxi-
mately 20 km south of Bergen (Fig. 1). The area is regarded 
as a classical locality in the Bergen Arcs, used frequently 
as an excursion locality. Metasediments bounded by 
metaigneous rocks of the Gullfjellet Ophiolite Complex 
extend along strike for 12 km with a maximum width of 
850 m in the Ulven area. The geology of this part of the 
Major Bergen Arc was first described by Reusch (1882), 
who reported a Silurian graptolite fauna from phyllite in 
the Vaktdal-Ulven area.  An Early Silurian (Middle Lland-
overy) age was confirmed by Ryan & Skevington (1976). 
These authors recognized three lithological formations in 
the area, which constitute the Ulven Group. In ascending 
order these three formations are: the Gertrudsberg Forma-
tion, composed of protoquartzites and polymict conglom-
erates; the Vaktdal Formation (graptolite-bearing phyl-
lites); and the Skarfjell Formation (quartz conglomerates 
and orthoquartzites).The stratigraphy introduced by these 
authors has been adopted in later work in the area.

Kolderup & Kolderup (1940), supposed the steeply dipping 
metasediments in the Ulven area to young consistently 

NW, implying that the Vaktdal Formation was the young-
est formation. In publications over the last decades, how-
ever, the main structure in the area has been interpreted 
as an upright to slightly overturned, tight to isoclinal syn-
cline, termed the Ulven Syncline (Ryan & Skevington 1976; 
Ingdahl 1989; Fossen 2004; Fossen & Dunlap 2006). Based 
on this structural model, the Skarfjell Formation occu-
pies the core of the syncline to become the youngest for-
mation of the Ulven Group. Our investigation has revealed 
a structurally more complex picture and further signifi-
cant changes in structural expression along strike. The 
new interpretation of the structures has implications also 
with respect to stratigraphy in the Ulven area. Apart from a 
structural model this paper also presents the first sedimen-
tological description and depositional model for rocks of 
the Ulven Group.

Geological setting
The Bergen Arc System (Kolderup & Kolderup 1940) 
comprises arcuate belts of deformed and metamorphosed 
Lower Paleozoic sediments, volcanics, intrusions and Pre-
cambrian gneisses (Fig. 1). The Bergen Arcs are regarded 
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as Caledonian thrust sheets that occupy a major depres-
sion in the Baltic basement (e.g. Sturt & Thon 1978) where 
Proterozoic rocks of the Lindås Nappe occupy the core 
of the synformal structure. Proterozoic nappe units over-
lie the mostly Lower Paleozoic rocks of the Major and 
Minor Bergen Arcs. The diverse rocks of disparate ori-
gins and wide-ranging metamorphic grade developed via 
a series of tectonic events spanning the Mid Ordovician to 
Early Devonian time period. The Major and Minor Bergen 
Arcs comprise tectonic fragments of a Cambrian-Ordo-
vician outboard terrain (Thon 1985a; Dunning & Peder-
sen 1988). These two allochthonous units are imbricated 
and tectonically intercalated with slices of Proterozoic and 
Lower Paleozoic rocks of continental affinity.

The Major Bergen Arc

The Major Bergen Arc extends from Bjørnafjorden in the 
south to Lindås in the north, of which the Gullfjellet Ophi-
olite Complex constitutes a major portion (Fig. 1). This 
ophiolite complex contains gabbro with a 489 ±3 Ma U/
Pb zircon age (Dunning & Pedersen 1988), sheeted dykes 
and basaltic units that are considered elements of an out-
board oceanic ophiolite stratigraphy (Thon 1985b). Pelitic 
and psammitic rocks in the Major Bergen Arc are consid-
ered to represent the original cap rock to the ophiolite. 
Rocks of the Gullfjellet Ophiolite Complex as well as asso-
ciated metasediments were intruded during the Ordovi-
cian by various arc-related granitoid intrusions. The oldest 
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of these intrusions is a metaquartz diorite, termed “quartz 
augen gneiss” (Kolderup & Kolderup 1940) (Fig. 1), dated 
at 482 +6/-4 Ma (U/Pb zircon age; Dunning & Pedersen 
1988).

A high-strain zone up to 8 km wide occupies the east-
ern part of the Major Bergen Arc, and this assemblage 
of elongated rock units generally bounded by low-angle 
W-dipping thrusts, was termed the Samnanger Complex 
by Færseth et al. (1977) (Fig. 1). The Samnanger Com-
plex consists of slices of metasediments and metaigneous 
rocks together with Precambrian gneisses. Tectonic lenses 
of serpentinite may represent dunites thrust up from the 
base of the Gullfjellet Ophiolite Complex. Following this, 
the Samnanger Complex represents a large-scale imbri-
cate structure involving both ophiolitic rocks, continental 
prism sediments and their gneissic substrate. Færseth et 
al. (1977) presented evidence that rocks of the Samnanger 
Complex as well as the ophiolite complex and the “quartz 
augen gneiss” were subject to a tectonic phase prior to 
deposition of the overlying Holdhus Group (Fig. 2). Dur-
ing this Ordovician phase of Caledonian deformation iso-
clinal folding and thrusting took place and the metamor-
phic grade was high greenschist to low amphibolite facies.

The Holdhus Group is a succession of Upper Orovi-
cian and Silurian metasediments preserved as narrow 
zones in the Major Bergen Arc (Fig. 1) to give a charac-
teristic pinched appearance (Thon 1985a). The basal part 
of the group is represented by the polymict Moberg con-
glomerate, overlain by marble, shale/phyllite and quartz-
ite or quartzite conglomerate (Fig. 2). The marble con-
tains, in places, a Late Ordovician (Ashgillian) shallow 
marine fauna (Reush 1882; Kiær 1929; Kolderup & Kolde-
rup 1940), providing a minimum age for the unconformity 
against the underlying Samnanger Complex. Apart from 
the Ulven Syncline, where only Silurian metasediments are 
exposed the Os, Heggelandsdal and Grasdal synclines rep-
resent NE- to N-striking synclinal zones of Upper Ordo-
vician-Silurian metasediments in the Major Bergen Arc 
(Kolderup & Kolderup 1940; Færseth et al. 1977; Henrik-
sen 1981; Thon 1985a; Ingdahl 1989). These metasedi-
ments (Fig. 1), showing large stratigraphic and petrologic 
similarity (Fig. 2) represent remnants of a sedimentary 
cover to the Gullfjellet Ophiolite Complex and related arc-
type rocks. 

Metasediments of the Holdhus Group, deformed dur-
ing Silurian-Early Devonian deformation events exhibit 

NORWEGIAN JOURNAL OF GEOLOGY Structural geology and sedimentology of Silurian metasediments in the Ulven area

Færseth et al.

Major
Bergen Arc

Ulven 
Syncline

D2 Final
Emplacement

D1 - Folding

Lamprophyric
intrusion

Os
Heggelandsdal

Grasdal
synclines

Ma

400

450 430

420

410

430

420

410

440

450

500

Fig. 2

550

PR
E-

CA
MB

RI
AN

C
A

M
B

R
IA

N
O

R
D

O
V

IC
IA

N
S

IL
U

R
IA

N La
te

 
S

ilu
ria

n
E

ar
ly

S
ilu

ria
n

La
te

O
rd

ov
ic

ia
n

E
ar

ly
D

ev
on

ia
n

L

L

L

E

E

E

E

M

M
Complex

Gneiss

Quartz augen

Gullfjellet
Ophiolite
Complex

gneiss

Samnanger

Tectono-
metamorphic

break

Tectono-
metamorphic

break

Moberg
conglomerate

Ashgillian
limestone

Llandovernian
phyllite

Quartzite
and quartzite
conglomerate

Skarfjell
Fomation

Vaktdal
Fomation

Tectonic contact
against rocks
of the Gullfjellet
Ophiolite Complex

Holdhus
Group

D
E

V
O

N
IA

N

Figure 2: Tectonostrati-
graphy of Cambrian- 
Silurian rocks in the 
Major Bergen Arc to show 
metasediments of the 
Ulven Group in a regional 
context.



22

0 500 m

Færseth et al.

Hagavika

Hjort-
haugen

Vaktdal

Skarp-
haugen

Ulvenvatnet

Skarfjell Formation

Vaktdal Formation

Gullfjellet
Ophiolite Complex

Lamprophyre

Normal fault

Reverse fault

Anticline

Syncline

Ulven

d

b

c

a

e

N

Myrke-
tjørna

Fig. 3

an increasing metamorphic grade to the north from low 
greenschist facies metamorphism in the Ulven area (Ryan 
& Skevington 1976, Fossen & Dunlap 2006), via low-
medium greenschist facies in Samnanger, to upper green-
schist facies metamorphism to the north on Osterøy 

(Færseth et al. 1977). During the prograde tectono-
metamorphic episode that affected Upper Ordovician-
Silurian rocks, the Samnanger Complex underwent retro-
grade metamorphism (Færseth et al.  1977). 
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Deformation and structures in the Ulven 
area 

Published structural models

Metasediments of the Ulven Group (Fig. 3) are in con-
tact with metamorphosed basic volcanics to the NW and 
greenschist facies metagabbro to the SE. The boundaries 
have generally been regarded as primary, although strained 
unconformities (e.g. Fossen & Dunlap 2006). There is 
general  consensus that the structures observed within the 
sediments result from three Caledonian events of folding, 
and that the main structures are large-scale effects of the 
first deformation event (D1). Based on work NE of Ulven-
vatnet, Ryan and Skevington (1976) described the main D1 
structure as an isoclinal syncline (Fig. 4a), an interpreta-
tion supported by Ingdahl (1989). Fossen (2004) and Fos-
sen & Dunlap (2006) interpreted the main structures as a 
syncline followed by an anticline to the SE (Fig. 4b). A low 
greenschist facies metamorphism was associated with D1 
deformation. In phyllite of the Vaktdal Formation, white 
micas define a penetrative schistosity (S1) generally par-
allel to bedding. In the Skarfjell Formation, S1 is defined 
locally in conglomerates by flattening of pebbles whereas 
a cleavage developed in sandy and mica-bearing parts of 

the formation. The S1 foliation is axial planar to the main 
D1 folds (Ryan & Skevington 1976; Ingdahl 1989; Fossen & 
Dunlap 2006). 

Asymmetric, small-scale folds resulting from a second 
phase of deformation (D2) are mainly restricted to phyl-
litic lithologies of the Vaktdal Formation and sediments 
were subjected to a low greenschist facies metamorphism 
(Ryan & Skevington 1976). In the phyllite, the S2 cleavage 
is pervasive and locally stands out as the dominating folia-
tion (Fossen & Dunlap 2006). 

Faults and fractures represent the youngest structures in 
the Ulven area. Ryan & Skevington (1976) inferred NW-SE 
striking faults with a significant throw (> 200 m) NE of 
Ulvenvatnet, whereas Fossen & Dunlap (2006) identified a 
number of minor NNE-SSW to NE-SW striking faults that 
cross-cut all other mapped structures in the area. 

A new structural model for the Ulven area

We interpret the contact between metasediments of the 
Ulven Group and igneous rocks of the Gullfjellet Ophiolite 
Complex as high-angle reverse faults. Along the SE mar-
gin, overturned sediments of the Skarfjell Formation, gen-
erally younging towards the older metagabbro, imply a tec-
tonic contact. Lack of pebbles of metagabbro in the basal 
conglomerate of the Skarfjell Formation at this boundary 
also indicates that this is not a primary erosional uncon-
formity. The contact is well exposed in a quarry 1 km SW 
of Ulvenvatnet, seen as a 20-25 m wide high-strain zone 
occupied by deformed conglomerate of the Skarfjell For-
mation and strongly foliated metagabbro. Our interpre-
tation of tectonic contacts is consistent with observations 
from the Heggelandsdal Syncline (Fig. 1) where Ingdahl 
(1989) described the NW boundary between rocks of the 
Gullfjellet Ophiolite Complex and younger metasediments 
of the Holdhus Group as a thrust fault.

To illustrate our structural model we present five sections 
across the sediment outcrop in the mapped area (Fig. 3). A 
characteristic feature at exposed levels is significant change 
in structural style along strike from an upright isoclinal 
syncline to the SW to a close and inclined syncline in the 
central part of the area (Fig. 5). 

The Ulven Syncline SW of Ulvenvatnet

To the SW in the study area, at Hagavika, the Vaktdal For-
mation occurs as a 70-100 m wide zone bounded by rocks 
of the Gullfjellet Ophiolite Complex (Fig. 3).The penetra-
tive S1 schistosity in the phyllite strikes N 30-35° E and 
dips 75-90° NW. The south westernmost exposure of the 
Skarfjell Formation is approximately 500 m NE of Haga-
vika. At Hjorthaugen, the Skarfjell Formation present as 
a basal conglomerate 5-8 m thick and overlying quartz-
ite, forms the core of an upright isoclinal syncline plung-
ing NE (Figs. 3 and 5a). Bedding and S1 foliation in the 
Skarfjell Formation are parallel and vertical. The Vaktdal 
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Formation with a width of 150 m to the NW is preserved 
as a 7-10 m thick zone at the SE flank of the syncline. Rep-
etition of strata on the SE flank of the syncline is attributed 
to a second-order and z-shaped fold, sheared along the 
short limb (Fig. 5a).

The Skarfjell Formation is exposed as a 300 m wide zone 
in a large quarry 1 km SW of Ulvenvatnet, and here rep-
resented by the cross section Fig. 5b. The formation occu-
pies the core of an upright isoclinal syncline where beds 
and the parallel S1 foliation dip consistently 85-87° SE. To 
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the NW in this area, second-order tight D1 folds have been 
mapped (Figs. 3 and 5b). The contact between the Skarfjell 
Formation and metagabbro of the Gullfjellet Ophiol-
ite Complex exposed to the SE in the quarry is sharp 
and parallel to bedding and the S1 foliation. At the con-
tact, the Skarfjell Formation occurs as a c. 45 m thick zone 
with conglomerate layers interbedded with quartzite that 
represents the basal part of the formation. Based on log-
ging described below, we interpret the expanded thickness 
of this conglomerate-quartzite succession to be the result 
of a layer-parallel shear zone approximately 15 m above 
the boundary between the Skarfjell Formation and the 
metagabbro (Fig. 5b) and associated repetition of strata. 
Unlike conglomerate in most outcrops where pebbles 
retain their original spherical shapes, pebbles in the quarry 
have an oblate shape flattened in the plane of the S1 folia-
tion. The interpretation of the boundary as a high-strain 
zone is consistent with the lack of Vaktdal Formation rocks 
along the SE margin. A thin (7-8 m) and NE-SW striking 
zone of phyllite of the Vaktdal Formation with conglomer-
ate representing the basal part of the Skarfjell Formation 
along both margins has been identified c. 100 m NE of the 
quarry, at a higher topographic level and 20-25 m NW of 
the boundary against the Gullfjellet Ophiloite Complex 
(Fig. 3). We interpret the phyllite to occupy the core of a 
second-order asymmetric and isoclinal fold that at depth 
becomes sheared by a steep reverse fault (Fig. 5b). Hence, 
both at this locality as well as further SW at Hjorthaugen 
(Fig. 5a) multiple shear zones demonstrate strain at the SE 
boundary.

The SW shore of Ulvenvatnet exhibits the widest outcrop 
of the Ulven Group, where the central part is occupied by 
a c. 150 m thick lamprophyre (Fig. 3). A 200 m wide zone 
of the Vaktdal Formation along the NW margin is followed 
to the SE by a 200 m thick Skarfjell Formation having a 5 
m thick conglomerate at its base (Fig. 5c). Bedding in the 
Skarfjell Formation on this NW limb of the Ulven Syncline 
dips 70-85° NW and way-up structures show that the suc-
cession is overturned. At the lake side, a normal fault dip-
ping WNW occurs close to the SE boundary of the lampro-
phyre. To the SE, in the footwall of the fault, bedding in the 
Skarfjell Formation dips 30-40° NW. Accordingly, the fault 
juxtaposes the steep NW limb of the Ulven Syncline with 
a gently dipping SE limb. The fault is not exposed SW of 
the lake. However, scattered outcrops uphill show a steeply 
dipping Skarfjell Formation, representing the hanging wall 
of the fault, in a narrow zone SE of the lamprophyre. This 
shows that the thick lamprophyre at this location intruded 
parallel to the steep bedding in the Skarfjell Formation 
(Fig. 5c) and that the normal fault SW of the lake is located 
at the most 50 m SE of the lamprophyre (Fig. 3). 

The Skarfjell Formation as the gently dipping SE limb of 
the syncline has a preserved stratigraphic thickness of 
80-85 m at the SW shore of Ulvenvatnet. The Skarfjell For-
mation is followed to the SE by the Vaktdal Formation as 
a c. 60 m wide zone and another 60-70 m of the Skarfjell 
Formation further to the SE against metagabbro of the 

Gullfjellet Ophiolite Complex. Conglomerate as the basal 
part of the Skarfjell Formation occurs both NW and SE of 
the phyllite, and we interpret the exposed Vaktdal Forma-
tion to occupy the core of an anticline, i.e. the same anti-
cline as mapped NE of the lake (Fig. 3).

The cross section along the SW shore of Ulvenvatnet 
exposes a more shallow level of the folded metasediments 
compared to cross sections both further SW as well as NE 
of the lake, and demonstrates that the syncline at this level 
is an inclined and close fold. The exposure of a shallow 
level is mainly attributed to a NW-SE striking fault beneath 
the lake, downthrown to the SW (Fig. 3). As discussed 
below, this fault may have a significant throw to account 
for the exposed fold geometry as well as for the width of 
metasediments in this cross section, which represents the 
immediate hanging wall of the fault.

The Ulven Syncline NE of Ulvenvatnet

The outcrop of the Skarfjell Formation NE of Ulvenvatnet 
has a width of 310 m near the lake (Fig. 3). The cross sec-
tion (Fig. 5d) is located 200 m NE of the lake, where rocks 
are well-exposed in a road section. Bedding in the Skarfjell 
Formation dips 75-80° NW over a major part of the pro-
file. Cross stratification in the steeply dipping quartzitic 
rocks shows consistent stratigraphic-up to the SE, imply-
ing that the Skarfjell Formation has an exposed thickness 
of 270 m in this area and that the succession is overturned. 
In the easternmost 40 m of the exposure of the Skarfjell 
Formation bedding dips 30-38° NW. These gently dipping 
beds are younging to the NW and represent the SE limb of 
the Ulven Syncline. Where the S1 foliation is developed in 
the Skarfjell Formation in this area, the dip is 55-65° NW. 
The Skarfjell Formation is represented by a thin conglom-
erate to the SE towards the Vaktdal Formation (Figs. 3 and 
5d). This shows that the basal part (22-23 m stratigraphic 
thickness) of the Skarfjell Formation is preserved in the 
gently dipping SE limb of the syncline. Pebbles in the con-
glomerate are flattened in the plane of the S1 foliation.  SE 
of the Skarfjell Formation, the 150 m wide zone occupied 
by the Vaktdal Formation represents an isoclinal anticline 
with limbs dipping NW (Fig. 5d). SE of the Vaktdal For-
mation, a 50 m wide zone that represents the overturned 
basal part of the Skarfjell Formation is truncated to the SE 
by a high-angle reverse fault that has juxtaposed metasedi-
ments against the Gullfjellet Ophiolite Complex.

The abrupt change in dip of bedding in the Skarfjell For-
mation from the steep NW limb of the Ulven Syncline to 
the gently dipping SE limb takes place across a low-angle 
normal fault (Figs. 5d and 6). This is the same fault that 
we have mapped SW of Ulvenvatnet, SE of the thick lam-
prophyre (Figs. 3 and 5c). In the road section, the dip of 
the fault varies between 35-40° WNW and the overall dip 
is slightly steeper than bedding seen in the footwall of the 
fault. The fault strikes NNE-SSW and can be mapped from 
Ulvenvatnet and at least 1.5 km to the NNE. Due to fault-
ing, only the lowermost part of the Skarfjell Formation 
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is preserved in the gently dipping SE limb of the Ulven 
Syncline  in this area (Fig. 5d), and the limb becomes com-
pletely faulted out further to the NE. 

A fault displacement of at least 250 m is required to juxta-
pose the quartzite of the Skarfjell Formation in the hang-
ing wall, deposited c. 270 m above the base of the forma-
tion, with the basal part of the Skarfjell Formation present 
in the footwall of the fault. In the road section the fault is 
exposed as a 0.2-0.4 m wide zone (Fig. 6) and fault rock 
has the characteristics of a gouge, i.e. it consists of soft and 
claylike material. Such fault zone material is commonly 
associated with fractional sliding along a fault at low tem-
peratures to indicate that this fault developed as a result 
of extension a considerable time later than the Caledo-
nian folding. Fossen (1998) described an early generation 
of post-Caledonian faults in the Bergen area with NNE-
SSW to NW-SE orientation, kinematically consistent with 
NW-SE stretching. As the fault we have identified rep-
resents the oldest generation of faulting in the mapped 
area, crosscut by a major fault of a younger generation as 
described below, it may relate to this early generation of 
post-Caledonian faulting.

A cross-section at the northern end of Myrketjørna, in 
the Vaktdal area (Figs. 3 and 5e) exposes a deep level of 
the Ulven Syncline. This is due to a gentle SW plunge of 
the syncline (Ryan & Skevington 1976) and this locality 
is also situated in the footwall of a NW-SE striking nor-
mal fault across Myrketjørna. In the hanging wall of the 
NNE-SSW striking fault, the steep and overturned NW 
limb of the Ulven Syncline is represented by a 150 m wide 
zone of the Vaktdal formation followed to the SE by a 35 
m thick conglomeratic succession, which is the basal part 
of the Skarfjell Formation. Metasediments of the Vaktdal 
and Skarfjell formations in the hanging wall are juxtaposed 

against the same two formations in the footwall of the 
fault where these sediments represent the SE, steeply dip-
ping and overturned limb of the anticline mapped SW of 
Myrke tjørna (Fig. 3).

Late faulting

Apart from the NNE-SSW striking fault that we have 
mapped both SW and NE of Ulvenvatnet, we have also 
identified a younger generation of major normal faults 
with NNW-SSE to NW-SE orientation (Fig. 3). The 
NW-SE elongated lake Ulvenvatnet and valleys with the 
same orientation along the extension of the lake are inter-
preted to reflect a zone of weakness at depth. With a major 
dip-slip fault along this trend, the map picture is consistent 
with a down-throw to the SW. A small skerry in Ulvenvat-
net represents the footwall of two intersecting faults (Fig. 
3). This skerry represents quartzite of the Skarfjell Forma-
tion, and beds dip 30-40° WNW to confirm that this is the 
gently dipping SE limb of the Ulven Syncline. The quartzite 
exhibits a prominent set of fractures parallel to the NW-SE 
striking fault. The c. 200 m left-lateral horizontal offset of 
the NNE-SSW striking fault where it is cross-cut by the 
younger fault can be used as an indication of fault throw 
for the NW-SE striking fault. Applying a dip of 40° WNW 
for the NNE-SSW striking fault, a fault throw of some 200 
m is required to give the observed lateral offset. The fault 
throw apparently increases rapidly to the SE as the left-lat-
eral offset of the SE boundary of the metasediments that 
dips 70-75° NW, suggests a fault throw exceeding 500 m. 

To the SW, a normal fault striking NNW-SSE is located NE 
of Hjorthaugen (Fig. 3). The fault has a significant down-
throw to the ENE as the footwall exposes a deep and nar-
row core of the Ulven Syncline represented by the Skarfjell 
Formation, compared to the hanging wall. 
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Figure 6: A NNE-SSW striking, low-angle normal fault in a road section 200 m NE of Ulvenvatnet. In the hanging wall the 
Skarfjell Formation represents the steep and overturned NW limb of the Ulven Syncline. In the footwall, the lowermost part 
of the Skarfjell Formation is present as the gently dipping SE limb of the syncline. A lamprophyre (L-L), 10 cm thick, has 
intruded the Skarfjell Formation 10 m NW of the fault. The dyke is apparently sub-parallel to the fault and crosscuts the 
steep bedding and S1 foliation in the Skarfjell Formation.
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Lamprophyres
Lamprophyres have been mapped SW of Ulvenvat-
net (e.g. Reusch 1882; Kolderup & Kolderup 1940; Ing-
dahl 1989; Fossen & Dunlap 2006). Analyses carried out 
by Inderhaug (1975) show that the lamprophyres are ker-
santites, a plagioclase-bearing intrusion with biotite phe-
nocrysts. Lamprophyres represent the youngest rocks 
recorded in the Ulven area and two samples collected in 
the quarry 1 km SW of Ulvenvatnet have yielded 40Ar/39Ar 
ages of 417 Ma, interpreted as the time of intrusion (Fos-
sen & Dunlap 2006). The main intrusion has a thickness 
of c. 150 m at the SW shore of Ulvenvatnet (Figs. 3 and 
5c). It thins rapid ly SW, but apparently represents a con-
tinuous body seen as a 7 m thick dyke in the quarry. In the 
quarry, the dyke occupies  the core of the upright isoclinal 
syncline and is parallel to bedding and S1 foliation in the 
Skarfjell Formation (Figs. 5b and 7a). As we interpret the 
cross section in the quarry to expose a deeper level com-
pared to the cross-section along the SW shore of Ulven-
vatnet, it implies that the lamprophyre thickens rapidly 
upwards (Fig. 5c). In the quarry another dyke 9 m thick, 
parallel to bedding and S1 foliation in the Skarfjell For-
mation, has intruded the NW limb of the syncline (Figs. 
3 and 5b). We have also identified a 7-10 m thick lampro-
phyric dyke in Hjort haugen, 300 m SW of the quarry that 
dips 70° NW and cuts the vertical bedding and S1 foliation 
in the Skarfjell Formation (Figs. 5a and 7b). The lampro-
phyres observed SW of Ulven vatnet are aligned along two 
zones with the thickest intrusion along the axial part of the 
Ulven Syncline  and another zone further NW, where three 
localities show dykes that have intruded the NW limb of 
the syncline  (Figs. 3 and 5a-b). 

In addition to lamprophyres SW of Ulvenvatnet, we 
have recorded thin dykes with a similar petrography in a 
road section 200 m NE of the lake that have intruded the 
Skarfjell Formation. The thickest dyke in this outcrop is 
only 10 cm wide, with an apparent dip of 35° NW, i.e. sub-
parallel to the NNE-SSW striking normal fault 10 m SE of 
the dyke (Fig. 6). The dyke cuts across the steep bedding 
as well as S1 foliation in the quartzite. Other dykes in the 
same area, less than 2 cm in thickness show cross-cutting 
relationships. 

Stratigraphy and age of sediments of the 
Ulven Group

With the interpretation of the Ulven Syncline as the main 
structure, the Skarfjell Formation occupies the core of this 
syncline, and is supposedly underlain by the Vaktdal and 
Gertrudsberg formations (Fig. 4). The Gertrudsberg For-
mation was described by Ryan & Skevington (1976) as an 
assemblage of protoquartzite interbedded with polymict 
conglomerate and phyllite. These authors mapped the for-
mation as 40-50 m wide zones along both margins of the 
metasedimentary outcrop NE of Ulvenvatnet (Fig. 4a), 

whereas Fossen & Dunlap (2006) interpreted this forma-
tion to be exposed only along the NW margin (Fig. 4b). 

A new stratigraphy in the Ulven area

Based on our mapping, metasediments of the Vaktdal 
Formation occupy the entire zone between the Gullfjel-
let Ophiolite Complex and the Skarfjell Formation along 
the NW margin (Fig. 3). As described below, we interpret 
the mapped Gertrudsberg Formation along the SE mar-
gin as the basal part of the Skarfjell Formation, where it 
consists of conglomerate layers interbedded with quartz-
ite. Hence, from our observations and structural interpre-
tation, the mapped Gertrudsberg Formation is not a sep-
arate formation  underlying the Vaktdal Formation, but 
instead represents the basal part of the Skarfjell Formation 
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Figure 7: Lamprophyres SW of Ulvenvatnet. (a)  In a quarry 
1 km SW of Ulvenvatnet a lamprophyre 7 m thick has intru-
ded in the core of the upright isoclinal Ulven Syncline. The 
dyke is parallel to bedding and S1 foliation in quartzite of 
the Skarfjell Formation. (b) A lamprophyre in Hjorthaugen 
has intruded quartzite of the Skarfjell Formation close to 
the basal conglomerate to the NW in the outcrop. The dyke 
is 7-10 m thick and crosscuts the vertical bedding and S1 
foliation in the quartzite.
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stratigraphically overlying the Vaktdal Formation on the 
overturned SE limb of an anticline (Fig. 5d). 

Our interpretation implies that the exposed Ulven Group 
consists only of two formations, the graptolite-bearing 
Llandovery Vaktdal Formation and the overlying Skarfjell 
Formation (Fig. 2). Older metasediments might be present  
in the Ulven area beneath the Vaktdal Formation, and if 
so most likely along the NW limb of the Ulven Syncline , 
where least affected by tectonic shear (Fig. 5). Upper 
Ordovician, Ashgillian marble and the polymict Moberg 
conglomerate  occur stratigraphically below meta sediments 
that can be correlated with the Skarfjell and Vaktdal 
formations  in the Os and Heggelandsdal synclines  (Kolde-
rup & Kolderup 1940; Ingdahl 1989) and in the Grasdal 
Syncline in the Samnanger area (Færseth et al. 1977) (Figs. 
1 and 2).

Age of sediments of the Ulven Group

The graptolite fauna of the Vaktdal Formation gives an 
Early Silurian, Middle Llandovery (436-439 Ma) age. 
This provides a maximum age for the overlying and non- 
fossiliferous Skarfjell Formation (Fig. 2). It has been specu-
lated that the Skarfjell Formation is younger than some 
of the deformation in the Vaktdal Formation, and that 
the Skarfjell Formation and its deformation are post-
Early Devonian in age (Sturt 1983; Saltnes 1984). How-
ever, a lamprophyre that intruded quartzite of the Skarfjell 
Formation  has been dated, and its 417 Ma age was 
considered  to represent the time of intrusion (Fossen & 
Dunlap 2006), and thereby represents a minimum age for 
the Skarfjell Formation. According to recent time scales, 
the dyke intruded close to the Silurian-Devonian time 
boundary (Fig. 2). As a corollary, the Skarfjell Formation 
was deposited at some stage during a time span of approxi-
mately 20 Ma, representing the latest Middle Llandovery-
Ludlow. As described below, the contact between the Vakt-
dal and Skarfjell formations is clearly a primary deposi-
tional contact where an unconformity developed due to a 
relative sea level fall of relative short duration. This implies 
that there was no major stratigraphic break between the 
two formations and we interpret that deposition of the 
Skarfjell Formation commenced in the latest Middle 
Llandovery. The deposition of a coarse clastic succession 
with a maximum recorded thickness of 270 m was rapid, 
and we infer a latest Middle-Late Llandovery, i.e. Early 
Silurian age for the exposed Skarfjell Formation. 

Sediments of the Ulven Group and the 
depositional history

The Vaktdal Formation

The Vaktdal Formation consists mainly of phyllite with 
thin quartzite stringers, interbedded with frequent incur-
sions of quartzite veins. The phyllite originated from off-
shore siltstone and shale, deposited below storm wave base. 

Thinly interbedded quartzite in the lowest exposed part of 
the formation may represent turbidites or thin storm beds. 
The basal part of the formation is not seen as the bound-
ary against rocks of the Gullfjellet Ophiolite Complex is tec-
tonic.  The upper part of the formation coarsens upwards, 
and quartzite, originally deposited as fine grained quartz-
itic sand, becomes gradually more important upwards (Fig. 
8). The quartzite beds are usually lensoidal, occasionally 
with parallel and wavy lamination, probably representing 
hummocky cross-stratification as original bedforms. The 
coarsen ing upwards upper part of the formation indicates a 
gradual shoaling upwards, probably with some wave influ-
ence. The top of the formation is abruptly truncated by the 
base of the overlying Skarfjell Formation. 

The Skarfjell Formation

The contact between the Vaktdal Formation and the 
Skarfjell Formation can be studied at a number of locali-
ties to demonstrate that the boundary is an erosional surface 
and consequently an unconformity or a sequence boundary. 
The gradual coarsening upwards in the uppermost part of 
the Vaktdal Formation,is well documented (Fig. 8), and sug-
gests that there was no major stratigraphic break between 
the two formations and that the unconformity developed 
due to a relative sea level fall or a sudden increase in the flux 
of coarse-grained sediments into a shallow marine area. 

Conglomerate layers occur at the base of the Skarfjell For-
mation along the length of both margins (Fig. 3). Usually the 
conglomerates are coarsest at the base and develop into sev-
eral stacked fining upwards units with internal horizontal 
bedding higher up. The pebbles are up to 25 cm in diameter, 
usually well rounded and mainly composed of quartzite and 
quartz (Fig. 9). The conglomerate is commonly clast-sup-
ported, but with an intergranular matrix of sandstone and 
pebbly sandstone. 

Along the NW margin, SW of Ulvenvatnet, the conglomer-
ate succession is less than 10 m thick and generally shows a 5 
m thick basal massive (poorly stratified) conglomerate unit,  
which is gradually replaced by cross-stratified, plane-paral-
lel laminated sandstone and massive sandstone and pebbly 
sandstone upwards (Fig. 8, locality 4). The sandstones above 
the conglomerate are cross stratified with swaley and hum-
mocky cross-stratification. Close to locality 4 (Fig. 8), the 
conglomerate is clast supported but with an intergranular 
matrix of sandstone and pebbly sandstone. Several 0.5-1 m 
thick beds occur, which have sharp bases and are inversely 
or normally coarse-tail graded. The clasts vary greatly in 
size and no clear size or shape sorting is obvious beyond the 
coarse-tail grading. Some evidence of imbrication is seen, 
but this appears to be long-axis (a-axis) imbrication. These 
beds are interbedded with sandstones which vary in thick-
ness from 0.1-1m but increase in abundance and thickness 
upwards at the expense of the conglomerate beds.

Along the NW margin, NE of Ulvenvatnet, a deeper level 
of the Ulven Syncline is exposed and conglomerate with 
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interbedded quartzite generally occurs as a 20-35 m thick 
succession. The best exposure to study texture and struc-
ture of the conglomerate is the “type locality” close to the 
NW shore of Ulvenvatnet, near Ulven (Fig. 8, locality 3). 
Here the contact with the underlying phyllite of the Vak-
tdal Formation is well exposed. It is also at this locality 
that the coarsening upwards development, usually seen in 
the upper part of the Vaktdal Formation is less well devel-
oped, probably due to relatively deep erosion at the base of 
the Skarfjell Formation. The phyllite is immediately over-
lain by a 20 m thick succession of conglomerate interbedded 
with coarse-grained sandstone and pebbly sandstone (Fig. 
9). The interbedded sandstone beds are plane-parallel and 
cross-stratified. The troughs are usually shallow but of large 
width. There is normally a good segregation between peb-
bles and sandstone with well- defined bed boundaries. No 
internal sedimentary structures are normally seen within 
the conglomerates except some poorly defined plane-paral-
lel bedding, but one of the conglomerate and pebbly sand-
stone units shows low angle inclination to the south. Peb-
bles are usually well rounded often lensoidal or disc-shaped. 
Indications of “pressure solution” are observed on some of 
the clasts but otherwise the pebbles are well preserved and 
retain  their original shape. 
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The sandstone content increases upwards and dominates 
completely above the basal 20 m of the formation. Hence, 
to the SE the Skarfjell Formation is mainly quartzitic sand-
stone, occasionally with some thin pebbly horizons. The 
quartzite is dominated by plane-parallel lamination and low 
angle cross stratification mainly as shallow troughs (swaley 
cross- stratification), and in a few places hummocky cross 
stratification. Ripple lamination is also present particu-
larly in the lower part of the section. The upper part of the 
exposed quartzite succession is much more chaotic than 
the lower part and here mainly massive sandstones and 
strongly contorted sandstone dominate (Fig. 8). The maxi-
mum exposed thickness of the Skarfjell Formation is 270 
m, measured NE of Ulvenvatnet where the succession is 
represented by the steep and overturned limb of the Ulven 
Syncline  (Fig. 5d). 

The northeasternmost exposure of conglomerate along the 
NW margin is NE of Myrketjørna (Fig. 3) and represents the 
thickest succession of basal conglomerate measured along 
this margin.  The conglomerate succession is close to 35 m 
thick and consists mainly of conglomerate with thin inter-
bedded sandstone lenses (Fig.8, locality 1). The conglom-
erate is poorly stratified with thick massive intervals. No 
obvious vertical pattern was recognized, but some poorly 
defined fining upwards units may be present. The upper-
most part of the Vaktdal Formation at this locality shows 
a well defined coarsening upwards trend with a gradual 
decrease of phyllite at the expense of quartzite, indicating a 
progradational shoaling upwards development.

The Vaktdal Formation, seen as a 150 m wide zone between 
Ulvenvatnet and Myrketjørna (Fig. 3), forms an anticline 
(Fig. 5d). At both margins of the Vaktdal Formation, rep-
resenting the uppermost part of the formation, there is a 
well-defined coarsening upwards with a gradual increase 
of quartzite towards the basal conglomerate of the overly-
ing Skarfjell Formation. To the SE, the Vaktdal Formation 
on the overturned limb of the anticline is truncated by the 
overlying conglomerate with the development of an uncon-
formity. Only the lower part of the Skarfjell Formation, pre-
viously interpreted as the Gertrudsberg Formation (Ryan & 
Skevington 1976), is exposed as the formation is truncated 
to the SE by a high-angle reverse fault that separates the sed-
imentary succession from the Gullfjellet Ophiolite Com-
plex (Figs. 3 and 5d). The conglomerate succession consists 
of two well- defined conglomerate units, 7 and 5 m thick 
respectively, separated by a plane-parallel and convolute 
laminated sandstone succession (Fig. 8, locality 6). Above 
the conglomerate the Skarfjell Formation is seen as a unit of 
quartzite originally deposited as fine-grained sand. The con-
glomerates at this locality seem to be slightly higher in sandy 
matrix than at the “type locality” at the NW boundary (Fig. 
8, locality 3), but there is no evidence of significantly differ-
ent depositional environment between the NW and SE mar-
gins of the sediment outcrop. 

In the quarry SW of Ulvenvatnet, the lowermost 70 m of the 
Skarfjell Formation representing the SE limb of the Ulven 

Syncline has been logged (Fig. 8, locality 5). The basal 45 
m of the formation consists of conglomerate interbedded 
with quartzite. The expanded thickness of this succession is 
ascribed to repetition of strata due to a layer-parallel shear 
zone approximately 15 m above the boundary between 
the Skarfjell Formation and the metagabbro to the SE. The 
conglomerate  consists of quartzitic pebbles with an oblate 
shape in a matrix of sand and pebbly sandstone. Also here 
the conglomerate is dominantly clast-supported, but locally 
interbedded with sandstones and pebbly sandstones. How-
ever, the strong deformation in this area makes it difficult 
to recognize primary depositional structures and bedforms. 

Interpretation of the gross depositional environment

Where the lower part of the Holdhus Group is exposed in 
the Major Bergen Arc, shale/phyllite comparable to the 
Vakt dal Formation is underlain by Ashgillian marble and 
the polymict Moberg conglomerate (Fig. 2). The succession 
stratigraphically above the Moberg conglomerate suggests 
deepening of basins, and the graptolites identified show the 
marine affinity of the Vaktdal Formation. The coarsening 
upwards quartzitic rocks near the top of the preserved Vakt-
dal Formation show that renewed shoreface progradation 
took place in a late phase of deposition of this formation, 
followed by a flux of coarse-grained material to the region, 
deposited as the basal part of the Skarfjell Formation.

The conglomerate and pebbly sandstone at the base of the 
Skarfjell Formation were deposited in an overall trans-
gressive setting. The basal unconformity of the formation 
is interpreted to record a relative sea-level fall combined 
with significant increase in sediment flux to the region, 
possibly indicating tectonic uplift in the hinterland. The 
unconformity originated from erosion prior to the deposi-
tion of the Skarfjell Formation. Generally unsorted, albeit 
locally inversely graded beds are interpreted to be depos-
its of high concentration, sediment-laden gravity flows, and 
probably debris flows. The fact that they are more or less 
directly overlain by and interbedded with sandstones or 
quartzites showing clear indication of wave influence, sug-
gest deposition in shallow channels at or near wave base. 
During the transgression, a strongly aggrading, sand-dom-
inated system of basically upper and lower shoreface affin-
ity dominated. This system may represent several episodes 
of progradational and retrogradational sets in the overall 
transgressive setting (Fig. 10). The high wave influence sug-
gests that this was a relative open basin with a high energy 
system of waves of both high amplitude and wavelength, 
probably connected to an open ocean. 

When the relative sea level started to rise, the subaerial ero-
sional surface was transgressed at the same time as wave 
processes eroded and reworked the surface. The conglom-
erates originated as gravel transported into the area by flu-
vial processes such as braided streams, but was later, to 
some extent, reworked by wave processes before final depo-
sition (Fig. 10). The wave reworking is seen by the parallel 
and well-defined bedding, segregation between pebbly and 
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sandy beds, and plane-parallel and low angle wedge-shaped 
beds that dominate in the sandstones (c.f. Clifton 2006). 
These beds are probably a result of swash and backwash 
processes. Higher up in the succession swaley cross-stratifi-
cation occurs locally, probably representing an upper shore-
face environment.

The sandstone-dominated part of the Skarfjell Formation 
is interpreted to be deposited in an aggrading and over-
all transgressive system of wave-influenced upper shore-
face environment strongly influenced by combined flow 
processes, as evident from the swaley and low-angle trough 
cross-stratification (c.f. Dumas & Arnott 2006). Long-shore 
processes may have been an important transport agency at 
this stage.

Rocks of the Ulven area in a regional 
context – A discussion

Allochthonous Lower Silurian metasediments of the Ulven 
Group are preserved as a narrow zone in the Major Bergen 
Arc with tectonic contact against metaigneous rocks of the 
Gullfjellet Ophiolite Complex. Two major phases of tectono-
metamorphic evolution affected rocks of the Major Bergen 
Arc during the Caledonian Orogeny (Kvale 1960; Færseth 
et al. 1977; Thon 1985a). Effects of the first phase are seen 
in the Cambrian-Ordovician substrate to the Moberg con-
glomerate, the Samnanger Complex, whereas Silurian-Early 
Devonian deformation affected all rocks of the Major Ber-
gen Arc. 

During an early phase of Caledonian deformation, recorded 
notably in SW Norway, Cambrian ophiolites representing 

the outboard oceanic crust were obducted beyond the pres-
ent Norwegian coastline. Deformation was associated with 
an early stage of contraction in the proto-Atlantic Iapetus 
Ocean (e.g. Milnes et al. 1997; Fossen et al. 2006). Some of 
the ophiolites and arc-related intrusions in the allochthon 
were derived from the Baltic margin, whereas others were 
initiated on the Laurentian side of the Iapetus Ocean (e.g. 
Roberts & Gee 1985; Roberts 2003). Ordovician obduction 
and deformation of rocks of the Major Bergen Arc involved 
the Gullfjellet Ophiolite Complex as well as “quartz augen 
gneiss”, which have yielded earliest Ordovician 489 ±3 Ma 
and 482 +6/-4 U/Pb zircon ages, respectively (Dunning & 
Pedersen 1988). An upper constraint of an Ordovician tec-
tonothermal event in this area is provided by Late Ordovi-
cian (Ashgillian) faunas in marble above the tectonometa-
morphic break. In terms of Scandinavian Caledonian evo-
lution, a Mid to earliest Late Ordovician Taconian event has 
become an event of increasing significance (e.g. Yoshinobu 
et al. 2002; Roberts 2003). In the Karmøy-Bergen district of 
SW Norway, accretion of ophiolites and arc-related assem-
blages occurred onto a continental margin at around 470-
465 Ma (Dunning and Pedersen 1988; Pedersen and Furnes 
1991; Pedersen et al. 1992). 

Following the Ordovician phase of Caledonian deformation, 
ophiolites and arc-related intrusive rocks were exposed to 
erosion during deposition of the polymict Moberg conglom-
erate. In Samnanger (Fig. 1), the basal part of a thick Moberg 
conglomerate is dominated by large clasts of metagabbro 
and blocks of “quartz augen gneiss” with long axes that may 
exceed 1 m (Færseth et al. 1977). The Moberg conglomerate 
is interpreted to represent alluvial fans deposited close to an 
ancient shoreline (Ingdahl 1989). In the Ashgillian, shallow 
marine conditions prevailed and marbles are recorded in all 
of the youngest sequences in western Norway, from Karmøy 
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to Sunnfjord (e.g. Thon 1985a). Lower Silurian metased-
iments in the Major Bergen Arc, record the upwards tran-
sition from marine mud to conglomerate and coarse sand-
stone to indicate some tectonic activity both in the catch-
ment areas and the hinterland. Uplift in the hinterland and 
shallowing of basins might be associated with initial Silurian 
deformation that later resulted in tight to isoclinal folding of 
the sediments. 

The overall depositional and basinal setting of the Ulven 
Group is interesting in a local as well as a regional sense. The 
interpreted Llandovery age of the Vaktdal and Skarfjell for-
mations compares with metasedimentary rock in the Oslo 
region related to the classical storeys 6-7 or Solvik and Ryt-
teråker formations (Nakrem & Worsley 2006). These units 
are a combination of sandstones and limestones, deposited 
in an overall foreland basin setting. The paleogeographic 
context of the Ulven Group was considerably more proximal 
to the Caledonian mountain front compared with the more 
tectonically quiet Oslo region. Whether there was basinal 
connection between the Ulven region and the Oslo region 
is uncertain, but the possibility exists that the two regions 
were both part of the greater foreland basin, landward of 
the Caledonian mountain front (c.f. Fossen et al. 2006 for 
regional paleogeographic sketches). The strong wave influ-
ence in the Ulven region during deposition of the Skarfjell 
Formation suggests that this was an area connected to an 
open ocean, a notion that supports the idea of a greater fore-
land basin setting.

The complete closing of the Iapetus Ocean and collision 
of Baltica with the Laurentian continent that took place in 
the Late Silurian-Early Devonian has been designated the 
Scandian phase of the Caledonian orogenic evolution (Gee 
1975). The closing of the ocean, seen as a product of oblique 
collision between the two continents took place through 
several deformation events. Deformation involved a rapid 
subduction of the Baltoscandian margin of Baltica beneath 
Laurentia to depths exceeding 100 km, and oceanic and 
continental terrains were amalgamated as an impressive 
orogenic wedge above the Baltic basement in Scandinavia. 
Biostratigraphic and geochronological evidence from differ-
ent areas and differ ent thrust sheets has shown that timing  
of the Scandian phase varies widely, both transversely and 
laterally (Roberts  2003). Published Silurian-Devonian 
40Ar/39Ar ages from allochthons of West Norway tend to fall 
into three groups at around 430, 415-405 and 404-395 Ma 
(e.g. Milnes et al. 1997; Fossen & Dunlap 2006). The older 
ages are extracted from Caledonian compressional struc-
tures whereas the youngest age group is typically associated 
with rapid exhumation, orogenic collapse and widespread 
extension. The outcrop in the Ulven area is one example 
where Silurian sediments were squeezed between blocks of 
their ophiolitic substrate during the Scandian phase. 

Muscovite from a phyllite of the Vaktdal Formation was 
dated by Fossen and Dunlap (2006). The sample contained 
a strong S1 foliation as well as a S2 crenulation cleavage. The 
micas were dated by the 40Ar/39Ar method and the 410 Ma 

age achieved was interpreted as the time of D1 deformation 
of the Ulven Group. Following this, these workers inferred 
that the Ulven Syncline and its axial plane cleavage (S1) 
formed around 410 Ma, and that main deformation in the 
area belongs to the Early Devonian age group. These authors 
also dated biotites from a lamprophyre that intruded the 
Skarfjell Formation, and the 40Ar/39Ar age of 417 Ma was 
considered as the time of intrusion. Lamprophyres are in 
places foliated by parallel-oriented biotite grains, interpreted 
by Fossen and Dunlap (2006) as an S1 foliation. Hence, the 
intrusion of lamprophyres was said to pre-date the 410 Ma 
deformation and dykes were accordingly deformed together 
with the Skarfjell Formation during D1. 

An alternative interpretation to that suggested by Fossen 
and Dunlap (2006) is that lamprophyres intruded after D1 
deformation, with the thickest intrusion located along the 
axial part of the Ulven Syncline. Our observation of dykes 
both SW and NE of Ulvenvatnet that crosscut S1 foliation in 
the Skarfjell Formation is in favour of this model. 

The exact age of D1 deformation cannot at present be 
categori cally stated in the Ulven area. However, D1 
deformation  of the Middle Llandovery Vaktdal Formation  
and over lying Skarfjell Formation prior to intrusion of 
lampro phyres, implies that D1 deformation was Silurian 
and took place during the time period 436-417 Ma. If the 
Early Devonian 410 Ma 40Ar/39Ar muscovite age from the 
Vaktdal Formation represents a deformation and not a cool-
ing age, this age may reflect later (D2) deformation and the 
associated low greenschist facies metamorphism. Within 
the narrow  outcrop of metasediments in the Ulven area, 
several  lamprophyres have been mapped. As lamprophyres 
of this generation are not recorded in other parts of the Ber-
gen Arcs, it is likely that the intrusion at 417 Ma took place 
west of the present Norwegian coastline and prior to the 
final emplacement of the Ulven sediments. Post-D1 defor-
mation of metasediments of the Ulven Group (Ryan & Skev-
ington 1976; Ingdahl 1989; Fossen & Dunlap 2006) might be 
associ ated with the 415-405 Ma, Early Devonian age group 
and the final emplacement of metasediments. D2 deform-
ation is not recorded as major structures in the Ulven 
area. However, some tightening of D1 folds and associ-
ated shear along limbs of major folds might be attributed to 
this deform ation. D2 deformation may also have resulted 
in a steepening of reverse faults along margins of the out-
crop. The fact that strain is far more pronounced along the 
SE margin compared to the NW margin might result from 
the overall E-SE translation of rock units during the Early 
Devonian  stage of Caledonian development.

We have demonstrated that the main structure in the Ulven 
area, the Ulven Syncline, changes geometry from an upright, 
isoclinal fold at depth to an inclined and close fold at higher 
levels. The preserved outcrop of metasediments shows 
signifi cant change in structural style along strike that can be 
ascribed to the effects of normal faults of at least two gene-
rations. The oldest generation is represented by a NNE-SSW 
striking, low-angle normal fault, downthrown to the WNW 
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with an estimated throw of a minimum of 250 m that can 
be traced at least 2.5 km along strike. Due to this fault, only 
the lower part of the Skarfjell Formation as part of the gently  
dipping SE limb of the Ulven Syncline is exposed in out-
crops on the SW shore of Ulvenvatnet as well as NE of the 
lake where this limb becomes completely faulted out to the 
NE. Also normal faults of a younger generation with NNW-
SSE to NW-SE orientations have a significant effect on the 
exposure of sediments in the Ulven area. One of these faults 
is located beneath Ulvenvatnet, with a downthrow to the 
SW and with an estimated throw ranging from 200 to 500 
m in the mapped area. This late fault, orthogonal to main 
contract ional structures, explains mapped variations in 
structural expression across Ulvenvatnet. These include the 
offset of lithological boundaries as well as the width of the 
exposed formations.
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