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Figure 14. Map-view evolutionary model for brittle faults in NW 
Finnmark during late Palaeozoic post-Caledonian extension. Active 
brittle faults are shown in black and inactive faults in light grey. Dotted 
lines represent inherited Precambrian fault fabrics. (A) Initiation of the 
collapse of the Caledonides in the Mid to Late Devonian along inverted, 
low-angle, NE–SW trending Caledonian ductile thrusts such as the 
Kvenklubben (Kvf) and Talvik fault (Tf). Inverted low-angle Caledonian 
ductile thrusts quickly thinned the crust and were exhumed to shallow 
brittle depth and, thus, reactivated as low-angle brittle normal faults. 
Incremental extension led to the formation of high-angle brittle normal 
faults, e.g., the LVF and Øksfjorden fault, which possibly splayed 
upwards from Caledonian thrusts or existing fabrics and structures in 
Precambrian basement rocks. (B) Early Carboniferous times were marked 
by the deposition of thick sedimentary deposits in offshore basins on 
the Finnmark Platform and, potentially, in nearshore mini-basins (e.g., 
Ryggefjorden trough). WNW–ESE-striking faults and segments and 
splays of the TKFZ and associated faults were reactivated as strike-slip 
transfer fault offsetting and segmenting the LVF between Ryggefjorden 
and the Finnmark Platform. The Akkarfjord fault, a possible conjugate 
to the TKFZ, accommodated sinistral strike-slip displacement during 
post-Caledonian extension and also segmented and offset the LVF. (C) 
Inverted Caledonian thrusts (Tf and Kvf) became inactive and were 
truncated and offset due to continued extension along the LVF and 
related high-angle brittle normal faults. (D) Extension is believed to have 
come to a halt towards the end of the Carboniferous, and NW Finnmark 
remained tectonically quiet through Permian to Cenozoic times apart 
from a few minor tectonic adjustments. (E) 3D diagram of NW Finnmark 
and the SW Barents Sea margin showing the relationship between 
existing ductile fabrics and structures, and post-Caledonian brittle 
normal faults. Abbreviations: Af1 – Altafjorden fault 1, Af2 – Altafjorden 
fault 2, Akf – Akkarfjord fault, AKtw – Alta–Kvænangen tectonic 
window, Atw – Altenes tectonic window, BKFC – Bothnian–Kvænangen 
Fault Complex, Cb – Carboniferous, FPe – eastern Finnmark Platform, 
FPw – western Finnmark Platform, FTZ – Fugløya transfer zone, HfB – 
Hammerfest Basin, KF – Kokelv Fault, KNC – Kalak Nappe Complex, 
Kvf – Kvenklubben fault, LVF – Langfjorden–Vargsundet fault, MFC 
– Måsøy Fault Complex, Mkf – Markopp fault, MN – Magerøy Nappe, 
RKtw – Repparfjord–Komagfjord tectonic window, RT – Ryggefjorden 
trough, SIP – Seiland Igneous Province, SISZ – Sørøya–Ingøya shear 
zone, sNb – southwesternmost Nordkapp basin, SSf – Snøfjorden–Slatten 
fault, Søf – Sørkjosen fault, Tf – Talvik fault, TFFC – Troms–Finnmark 
Fault Complex, TKFZ – Trollfjorden–Komagelva Fault Zone, VVFC 
– Vestfjorden–Vanna Fault Complex, WTBC – West Troms Basement 
Complex, Øf – Øksfjorden fault.

Vargsundet (Torgersen & Viola, 2014; Fig. 1) and 
hundreds of metre-wide pods of units of the Seiland 
Igneous Province in Langfjorden (Marti, 2013) suggest 
that rocks of the Seiland Igneous Province and Kalak 
Nappe Complex were previously thrusted southeastwards 
over Precambrian basement rocks. Subsequent inversion 
of Caledonian thrusts (e.g., Talvik and Kvenklubben 
faults) and formation of high-angle post-Caledonian 
normal faults later contributed to juxtapose rocks of 
the Seiland Igneous Province against rocks of the Kalak 
Nappe Complex across Langfjorden (Roberts, 1973) and 
against Precambrian basement rocks across Vargsundet 
through km-scale down-NW normal movements along 
the LVF (Zwaan & Roberts, 1978). This is supported by 
consistent down-NW normal movements along post-
Caledonian margin-parallel faults in these areas (Fig. 

7A, B & D–F). We propose a model in which arcuate, 
zigzag-shaped, post-Caledonian normal faults formed as 
extensional brittle splays of inverted Caledonian thrusts 
during the collapse of the Caledonides (Fig. 14A, B). 
Later on, incremental extension localised along high-
angle splay-faults (e.g., LVF; Fig. 14C), which, in places, 
eventually truncated inactive portions of low-angle 
Caledonian thrust faults (Fig. 14D). A similar origin 
was proposed for the main segment of the Mid to Late 
Devonian(?)–Carboniferous Måsøy Fault Complex near 
the coasts of Finnmark (Koehl et al., 2018a; Fig. 1), for 
normal faults bounding Middle Devonian collapse 
basins in western Norway (Wilks & Cuthbert, 1994), and 
for Carboniferous faults in the North Sea (Phillips et al., 
2016).

Timing of brittle faulting and dolerite dykes 
intrusion

Accurate timing of post-Caledonian brittle faulting along 
and adjacent to the LVF and TKFZ is partly constrained 
by geochronology (Lippard & Prestvik, 1997; Torgersen 
et al., 2014; Koehl et al., 2018b) and by interpretation of 
syn-tectonic wedges on seismic data (Koehl et al., 2018a). 
On Magerøya, along segments and splays of the TKFZ 
and associated faults, early Carboniferous ages (337.3 
± 0.4 Ma and 340 ± 4 Ma) were obtained for dolerite 
dykes intruded along and sealing WNW–ESE-striking 
faults (Lippard & Prestvik, 1997), thus providing for a 
minimum age estimate for post-Caledonian strike-slip 
reactivation of the TKFZ and associated subparallel 
fault strands (Fig. 14A, B). These are supported by Late 
Devonian (c. 370 Ma) 40Ar–39Ar ages obtained for similar 
dykes on the Varanger Peninsula (Guise & Roberts, 2002) 
and nearby areas of Russia (Roberts & Onstott, 1995). 
However, new K–Ar dating of NW–SE trending faults 
in the Repparfjord–Komagfjord tectonic window, e.g., 
the Markopp fault (Fig. 2; Torgersen et al., 2014), and of 
segments and splays of the TKFZ and associated faults 
that are not sealed by dolerite dykes (Koehl et al., 2018b) 
suggest that brittle faulting may have persisted until mid-
Permian times (Fig. 14C, D).

The LVF is correlated with nearshore and offshore 
basin-bounding faults on the Finnmark Platform where 
seismic data show that post-Caledonian brittle faulting 
ceased by the end of the late Carboniferous (Koehl et 
al., 2018a). In addition, recent K–Ar dating of segments 
and splays of the LVF, e.g., Talvik (Koehl et al., 2018b) 
and Kvenklubben faults (Torgersen et al., 2014), yielded 
partly younger, early Carboniferous to mid Permian ages 
and subsidiary Mid/Late Jurassic–Early Cretaceous ages, 
hence suggesting extensive widespread faulting during 
the collapse of the Caledonides and/or subsequent 
late Palaeozoic rifting, and mild reactivation during 
Mesozoic rifting. A formation of the LVF during late–
post-orogenic collapse is also supported by arcuate fault 
geometries and lateral variations in fault kinematics 
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 (e.g., along the Øksfjorden fault) with dominant dip-slip 
normal shear sense near the fault’s centre and gradual 
increase in lateral displacement toward fault tips, which 
is similar to what is observed for brittle faults bounding 
Mid Devonian collapse basins in western Norway 
(e.g., Séranne et al., 1989; Wilks & Cuthbert, 1994). By 
comparison, in Western Troms and Lofoten–Vesterålen, 
K–Ar dating of the Vestfjorden–Vanna Fault Complex 
(Davids et al., 2013) showed similar widespread faulting 
in the Late Devonian–early Permian and sporadic minor 
reactivation of brittle faults from the mid Permian to 
Early Cretaceous. In the southwest, the LVF notably 
correlates with the Laksvatn fault (Fig. 1), for which 
a Late Devonian K–Ar age was obtained (Davids et 
al., 2013), thus supporting a formation of the LVF in 
Devonian times during late- to post-Caledonian collapse.

Comparison with deep offshore basins

Our data document the existence of nearshore sigma- 
to rhomboid-shaped (half-)grabens bounded by 
zigzag-shaped normal fault segments of the LVF (e.g., 
Ryggefjorden trough; Fig. 10). These (half-)grabens 
are similar in shape and geometry to late Palaeozoic 
(half-)grabens imaged on seismic data on the eastern 
Finnmark Platform (Koehl et al., 2018a), and to the 
southwestern segment of the Nordkapp Basin farther 
offshore (Fig. 1; Gudlaugsson et al., 1998). The zigzag 
shape of the LVF and related onshore–nearshore brittle 
faults in map view, and the resulting sigma–rhomboid 
shape of associated (half-)grabens have arguably been 
shaped by existing Caledonian thrust faults (Torgersen 
& Viola, 2014) and attitudes of Precambrian belts and 
folds at depth (Figs. 8A, B & 9E; Reitan, 1963; Zwaan & 
Gautier, 1980; Pharaoh et al., 1982, 1983; Gautier et al., 
1987; Bergh & Torske, 1988). Deeper offshore basins 
like the Hammerfest and Nordkapp basins, and adjacent 
coast-parallel faults such as the Troms–Finnmark Fault 
Complex and Vestfjorden–Vanna Fault Complex (Fig. 
14E), all follow existing basement trends and share the 
same geometric properties as the LVF (Gernigon et al., 
2014; Koehl et al., 2018a). This is particularly true for 
the Ryggefjoren trough (Fig. 10) and the southwestern 
segment of the Nordkapp Basin (Fig. 1). Assuming 
that the LVF and related Ryggefjorden trough and 
southwestern segment of the Nordkapp Basin formed 
in the Mid to Late Devonian–early Carboniferous 
(Davids et al., 2013; Koehl et al., 2018a), the Ryggefjorden 
trough may represent an exhumed ’window’ into 
contemporaneous faults and sedimentary strata, e.g., 
below upper Carboniferous–lower Permian evaporites 
in the Nordkapp Basin (Jensen & Sørensen, 1992; Koyi et 
al., 1993; Nilsen et al., 1995).

Conclusions

1) Large ENE–WSW- and NNE–SSW-striking normal 
faults line up to form a major zigzag-shaped, margin-
parallel, NW-dipping fault complex, the Langfjorden–
Vargsundet fault, which accommodated down-NW 
normal displacement in the order of hundreds of 
metres to a few km. This fault complex is interpreted 
to have formed as an extensional brittle splay along 
inverted, low-angle, Caledonian brittle–ductile thrusts 
and, thus, represents an onshore–nearshore analogue 
to the Troms–Finnmark and Måsøy fault complexes 
formed along the inverted Sørøya–Ingøya shear zone 
offshore.

2) The WNW–ESE-striking margin-oblique Trollfjorden– 
Komagelva Fault Zone corresponds to a major 
reactivated Neoproterozoic fault that acted as a 
strike-slip transfer fault separating onshore areas of 
NW Finnmark from the offshore eastern Finnmark 
Platform during post-Caledonian extension, and 
offsetting laterally the Langfjorden–Vargsundet fault 
by up to 28 km. Post-Caledonian, km-scale sinistral 
and dextral offsets by fault segments and splays of the 
Trollfjorden–Komagelva Fault Zone nullify/counter-
balance one another and the fault zone and associated 
fault system are interpreted to die out west of the 
island of Magerøya, which represents an exposed 
portion of the (fault-tip) process zone.

3) The WNW–ESE- to ENE–WSW-striking Akkarfjord 
fault may be part of an inherited Neoproterozoic 
strike-slip fault set that formed as a conjugate to the 
Trollfjorden–Komagelva Fault Zone. This fault acted 
as a strike-slip transfer fault during post-Caledonian 
extension, offsetting the Langfjorden–Vargsundet 
fault by c. 2 km left-laterally.

4) Gently NW-dipping brittle–ductile Caledonian 
thrust faults, and steeply NW-plunging and gently 
NE-plunging folds in Palaeoproterozoic basement 
rocks provided favourably oriented weakness zones 
that controlled the formation of post-Caledonian 
normal faults, e.g., as extensional splays of Caledonian 
thrusts faults and along steep limbs of Precambrian 
folds.

5) Major faulting events with km-scale offsets along 
WNW–ESE-striking fault segments and splays of 
the Trollfjorden–Komagelva Fault Zone and ENE–
WSW- and NNE–SSW-striking fault segments of 
the Langfjorden–Vargsundet fault last occurred in 
the Late Devonian–Carboniferous. This is supported 
by geochronological dating of dolerite dykes and 
fault gouge onshore NW Finnmark, and by seismic 
interpretation of syn-tectonic sedimentary wedges 
along the offshore extension of the Langfjorden–
Vargsundet fault on the eastern Finnmark Platform.
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6) Half-graben and graben basins bounded by the 
Langfjorden–Vargsundet fault in shallow-shelf 
areas, e.g., the Ryggefjorden trough, display trends 
and shapes (rhomboid- to sigma-shaped) analogous 
to major offshore sedimentary basins, such as the 
southwestern segment of the Nordkapp Basin, and to 
Devonian(?)–Carboniferous basins on the Finnmark 
Platform. The Ryggefjorden trough might therefore 
provide insights into the architecture of the Nordkapp 
Basin below thick, upper Carboniferous–lower 
Permian evaporites.
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