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Introduction

The Lofoten and Vesterålen Margin (LVM) is situated 
between the Vøring Margin and the sheared SW Barents  
Sea Margin (Fig. 1 inset). Consequently it represents a 
linkage point between the mid-Norwegian, SW Bar-
ents and conjugate NE Greenland margins, and is a key 
area to study the rift-basin architecture and tectono-
sediment ary evolution of the NE Atlantic margins. The 
LVM has received recent attention as a potential petro-
leum province (Bjordal et al. 2010). Previous work in this 
area established the gross margin architecture, includ-
ing its stratigraphy and tectonic evolution (Hansen et al. 
1992, Mokhtari & Pegrum 1992, Blystad et al. 1995, Tsi-
kalas et al. 2001, Tsikalas et al. 2005a, Bergh et al. 2007).

In this work we focus on the Mesozoic rift-basin archi-
tecture and tectono-sedimentary evolution of the 
LVM. We integrate new interpretations of available 2D 

multi-channel seismic reflection profiles from NPD, 
TGS and Statoil obtained from the Statoil in house data-
base (Fig. 2), with stratigraphic data from shallow drill-
holes in Nordland VI and Nordland VII (Hansen et al. 
1992, Smelror et al. 2001) and the sedimentary succes-
sion on Andøya (Dalland 1975, 1981) (Fig. 3). Based 
on these data we apply established concepts for the 
tectono- sedimentary evolution of rifts (e.g. Prosser 1993, 
Nøttvedt  et al. 1995, Ravnås & Steel 1998, Gawthorpe  & 
Leeder 2000, McLeod et al. 2002, Morley 2002) to address 
the evolution of the LVM. We compare our results 
with the synchronous tectono-sedimentary  evolution  
of adjacent  Norwegian and conjugate East Greenland 
margins , as seen in relation to the plate tectonic frame-
work. Finally, we propose a new structural model for the 
Mesozoic tectonic evolution of the LVM and suggest that 
this model may be applicable to adjacent Norwegian and 
conjugate East Greenland margins.
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We constrain the Mesozoic tectono-sedimentary evolution of the Lofoten and Vesterålen Margin (LVM) by integrating seismic interpretations 
and the sedimentary record with regional correlations. The rift basins on the LVM evolved during multistage rifting in Mesozoic to Palaeogene 
times. Rifting in the Early Triassic resulted in deposition of alluvial fans onto a late Permian peneplain eroded into crystalline basement.  This was 
succeeded by Mid/Late Triassic to Early Jurassic deltaic to shallow marine deposition during a period of tectonic quiescence. Subsequent uplift 
and erosion followed by transgression with deposition in shallow marine to continental basins mark the onset of a new rift episode in the Middle 
Jurassic (Bajocian). Rifting climaxed around Callovian times leading to rapid transgression and establishment of pro-delta/shelf conditions. The 
latest Jurassic – earliest Cretaceous was characterized by tectonic quiescence, uplift and erosion over most of the margin. Renewed rifting in the 
earliest Cretaceous (Valanginian) established thorough-going boundary faults with deposition of marine shales and turbidites in narrow basins. 
This marks the most pronounced rift event on the LVM during which the Lofoten Ridge and Marmæle Spur became prominent structural elements. 
Rifting ceased in the late Early Cretaceous (Albian) and was followed by tectonic quiescence lasting up to the latest Cretaceous, during which the 
remaining fault relief was progressively filled by marine shales. The last rift event on the LVM initiated around Campanian/Maastrichtian times, 
culminating with final separation and passive margin development in the Eocene. We show that Triassic through Early Cretaceous rifting developed 
under WNW-ESE directed extension, and is characterized by NNE-SSW striking, right-stepping en echelon normal faults linked by NE-SW to E-W 
striking soft- and hard linked transfer zones. One such E-W striking soft-linked transfer zone, here termed the Lofoten-Vesterålen Transfer Zone, 
accounts for the structural difference and several tens of kilometres dextral offset between the Lofoten and Vesterålen parts of the margin. A change 
in extension direction occurred during the Late Cretaceous, and the last rift event on the LVM developed under NW-SE directed extension. Simi-
larities in the tectono-sedimentary evolution with adjacent and conjugate margins along the Norwegian-Greenland Sea indicate that the structural 
model and time constraints on rifting proposed for the LVM is applicable also to these areas.
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Figure 1. 
Structural ele-
ments on the 
Lofoten and 
Vesterålen Mar-
gin (modified 
from Blystad et 
al. 1995). Abbre-
viations are 
given in Table 1.

Table 1: Abbreviations used in the Paper

AF = Andøya Fault LVM = Lofoten and Vesterålen Margin SFZ = Senja Fracture Zone

Aø = Andøya MB = Møre Basin SSb = Skomvær Sub-basin

BL = Bivrost Lineament MFTC = Møre-Trøndelag Fault Complex                                        TP = Trøndelag Platform

BM = Barents Margin NS = North Sea VFZ = Vesterdjupet Fault Zone

ERFZ = East Røst Fault Zone NTB = North Træna Basin VB = Vøring Basin

HSb = Havbåen Sub-basin PF = Pyramiden Fault WLBFZ = West Lofoten Border Fault 

JH = Jennegga High SF = Senja Fault
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Basin is bounded by the West Lofoten Border Fault Zone 
(WLBFZ) to the Lofoten Ridge in the east and by the 
Marmæle Spur and Utrøst Ride in the west. It is subdi-
vided into the Skomvær and Havbåen Sub-basins. The 
North Træna Basin is bounded by the Vesterdjupet Fault 
Zone in the east and an E-dipping fault zone in the west 
separating it from the Utrøst Ridge. This basin is tran-
sitional to the Træna Basin in the south while it pinches 
out towards the north. The rift basins of the Lofoten and 
Vesterålen Margin preserve mainly Mesozoic sedimen-
tary rocks inboard of the Utrøst Ridge while Cenozoic 
basins dominate west of the ridge (Mokhtari & Pegrum 
1992, Blystad et al. 1995, Tsikalas et al. 2001). Older Pal-
aeozoic rift basins have been inferred from seismic inter-
pretations to occur locally on the LVM (Blystad et al. 
1995). The islands of Lofoten and Vesterålen are situated 
on the Lofoten Ridge, which is a basement horst and an 
integral part of the rifted margin (Blystad et al. 1995, Løs-
eth & Tveten 1996, Olesen et al. 1997, Olesen et al. 2002, 
Bergh et al. 2007, Eig & Bergh 2011). This area is dom-
inated by Precambrian granulite and amphibolite facies 
gneisses and felsic intrusions (Griffin et al. 1978, Tveten 
1978, Corfu 2004), with local patches of Caledonian 
thrust sheets (Hames & Andresen 1996, Klein et al. 1999). 
A small Mesozoic rift basin is, however, also preserved 
on Andøya (Dalland 1975, 1981), and Mesozoic rift 

Geological setting
The Lofoten and Vesterålen Margin (Fig. 1) is a part of 
the Northeast Atlantic margin, which evolved through 
multiple rift events since the collapse of the Caledonides 
in the Devonian (e.g. Ziegler 1989, Doré 1991, Lundin & 
Doré 1997, Doré et al. 1999, Roberts et al. 1999, Brekke 
2000, Brekke et al. 2001, Mosar 2003, Surlyk 2003). Rift-
ing has been reported to occur in the Permo-Triassic, 
Mid/Late Jurassic, Early Cretaceous, mid-Cretaceous 
and latest Cretaceous to Palaeogene. On the LVM these 
events culminated with final separation and passive mar-
gin development in the Eocene (Talwani & Eldholm 
1977, Olesen et al. 2007).

The widest segment of the LVM is positioned north of 
the Bivrost Lineament, while it narrows towards the 
north when approaching the Senja Fracture Zone (Fig. 
1). East of the Utrøst Ridge N-S- to NE-SW-striking gra-
ben and half-graben basins, such as the Vestfjorden-, 
Ribban-, and North Træna basins are preserved (Fig. 1). 
These are flanked by basement horsts and culminations 
including the Utrøst and Lofoten ridges and the islands of 
Vesterålen (Hansen et al. 1992, Mokhtari & Pegrum 1992, 
Blystad et al. 1995, Løseth & Tveten 1996, Olesen et al. 
1997, Tsikalas et al. 2001, Bergh et al. 2007). The Ribban 
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Table 2: Seismic reflectors, mapped on the LVM.

Reflection Abb. Properties Well tie in study area Seismic ex.

Top Basement TB Strong continuous to semi-continuous reflector 
generally overlying a more chaotic or transparent 
seismic unit

6710/03-U-03
6814/04-U-02

Fig. 4a, b

Triassic unconformity TU Indistinct  discontinuous reflector separating a 
lower transparent seismic unit from an upper unit of 
high amplitude semi-continuous to discontinuous 
reflectors

Not drilled Fig. 4a

Base Middle Jurassic BMJ Angular unconformity separating high amplitude 
semi-continuous to discontinuous reflectors form a 
thin unit of high amplitude continuous reflectors.

6710/03-U-01 Fig. 4a, b

Callovian Unconformity CU Unconformity marking the boundary between high-
amplitude continuous to discontinuous reflectors and 
an overlying more transparent seismic unit.

6814/04-U-01 Fig. 4b

Base Cretaceous BC High amplitude continuous reflector occurring across 
the study area.

6710/03-U-01
6814/04-U-02

Fig. 4a, b

Top Early Cretaceous TEC Continuous reflector represented by an angular 
unconformity gradually onlapped by younger seismic 
units

6711/04-U-01 Fig. 4a

Base Tertiary BT Continuous locally distinct to indistinct reflector. Not drilled in study area Fig. 4a

Top Palaeogene TP Distinct continuous reflector occurring in the 
southernmost parts of the study area and west of the 
Utrøst Ridge

Not drilled in study area Not shown
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Figure 3. Compilation of stratigraphy on the Lofoten and Vesterålen Margin including Andøya. The well data and facies 
interpretations are compiled from Hansen et al. (1992) and Smelror et al. (2001) while the stratigraphy from Andøya is 
modified from Dalland (1981). Well locations are given in Figures 1 and 2. Seismic ties (Table 2) are shown with red letters.
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work in the area (e.g. Hansen et al. 1992, Mokhtari & 
Pegrum 1992, Blystad et al. 1995, Smelror et al. 2001, Tsi-
kalas et al. 2001, Bergh et al. 2007). The mapped reflec-
tors were tied to shallow wells in Nordland VI and Nor-
dland VII (Fig. 3) and commercial wells farther south 
(Figs. 1, 2). The well ties on the LVM correspond with 
Hansen et al. (1992) and Smelror et al. (2001). Seis-
mic examples are given in Figure 4. Several intra pre- 
Cretaceous and Early Cretaceous reflectors were also 
mapped locally. The top basement reflector, interpreted 
to represent the base of the sedimentary rocks, has been 
mapped across the study area. In patchy areas in the 
North Træna Basin and Ribban Basin the top basement 
reflector was put on top of a unit of slightly more contin-
uous reflector interpreted to represent Palaeozoic sedi-
mentary rocks by Blystad (1995) (cf. Fig. 4a). This was 
done because the possible Palaeozoic units appear to 
be of limited lateral extent, is difficult to map out later-
ally, and have not been confirmed by drilling. The old-
est drilled sedimentary rocks on the LVM represent Early 
Triassic alluvial fan deposits resting directly on crystal-
line basement (Hansen et al. 1992) (Fig. 3). Consequently 
the top basement reflector and the top basement map 
shown in Figure 5 are interpreted to represent the base 
of the Mesozoic sedimentary sequences, separating them 
from crystalline basement and possible Palaeozoic units.

Based on the seismic interpretation the seismic strati-
graphy was subdivided into undifferentiated pre- 
Cretaceous, undifferentiated Mesozoic, Lower Triassic, 
Upper Triassic-Lower Jurassic, Middle Jurassic, Upper 
Jurassic, Lower Cretaceous, Upper Cretaceous and Pal-
aeogene seismic units (Fig. 6). Since the top basement 
reflector is assumed to represent the base of the Meso-
zoic, the undifferentiated pre-Cretaceous unit is assumed 
to represent pre-Cretaceous Mesozoic deposits. The 
undifferentiated Mesozoic unit is assumed to represent 
dominantly Cretaceous deposits west of the Utrøst Ridge, 
in agreement with  Blystad et al. (1995). Isochron maps 
of the interpreted pre-Cretaceous, Lower Cretaceous and 
Upper Cretaceous seismic units are shown in Figures 
7-9. Note that the isochron map of the pre- Cretaceous 
seismic unit (Fig. 7) reflects the thickness of differ-
ent units depending on location (cf. Fig 6a-t). Also note 
that the isochron maps of the Lower Cretaceous  (Fig. 
8) and Upper Cretaceous (Fig. 9) units do not include 
seismic units west of the Utrøst Ridge or the northern 
part of the Vesterålen margin where Mesozoic units are 
undifferenti ated (cf. Fig. 6f, g, i, l, r).

Time constraints on rifting

Relative and absolute timing of rift episodes were inferred 
by integrating seismic interpretations with the sedi-
mentary record, combined with regional correlations. 
Since temporal and spatial evolution of major normal 
fault zones is accompanied by changes in basin topog-
raphy and the location and generation of accommoda-
tion space (Schlische & Anders 1996), the architecture 

basins occur locally in fjords and sounds in the Lofoten-
Vesterålen area (Davidsen et al. 2001). This indicates that 
at least parts of the Lofoten and Vesterålen islands previ-
ously were covered by Mesozoic sedimentary sequences.

A change in structural style and fault polarity occurs 
between the Lofoten and the Vesterålen portion of the 
margin (Løseth & Tveten 1996, Olesen et al. 1997, Tsi-
kalas et al. 2001, Olesen et al. 2002, Wilson et al. 2006, 
Bergh et al. 2007) and is attributed to accommodation 
zones or transfer zones (Olesen et al. 1997, Tsikalas et al. 
2001, Olesen et al. 2002), and/or conjugate fault zones of 
different or similar age (Bergh et al. 2007). Consequently 
we will refer to the portion of the Lofoten Ridge con-
taining the Lofoten islands and the margin to the west 
as the Lofoten margin, while the portion of the Lofoten 
Ridge containing the islands of Vesterålen and the mar-
gin to the west will be referred to as the Vesterålen mar-
gin. While the Lofoten margin is dominated by W-dip-
ping fault systems and a pronounced boundary fault sep-
arating the Lofoten Ridge from the Ribban Basin, the 
Vesterålen margin is dominated by E-dipping faults and 
no pronounced boundary fault separating the offshore 
rift basin from the Vesterålen islands (Fig. 1) (Tsikalas et 
al. 2001). Different exhumation histories have also been 
interpreted between the Lofoten and Vesterålen areas 
based on onshore observations coupled with seismic 
interpretations (Løseth & Tveten 1996),  and later sub-
stantiated by Apatite Fission Track data (Hendriks 2003, 
Hendriks et al. 2010). There is also a change in Moho 
depth between the Lofoten and Vesterålen areas with a 
somewhat deeper Moho under the Vesterålen islands 
(Kinck et al. 1993, Tsikalas et al. 2005b).

 
Methods and databases

Database

The database for the present study consists of hundreds  
of km of 2D multi-channel seismic reflection profiles 
(Fig. 2), and stratigraphic data (Fig. 3). The seismic 
cover age extends from the Trøndelag Platform to the 
Barents  Sea continental margin and represents data from 
NPD, TGS and Statoil, collected in the Statoil in house 
database anno 2008. The seismic examples (Fig. 4), top 
basement map (Fig. 5), interpreted seismic profiles (Fig. 
6), and isochron maps (Figs. 7-9) are presented with a 
vertical scale in two-way travel time (TWT). The strati-
graphic data used in this study have been compiled from 
shallow cores in Nordland VI and Nordland VII (Hansen 
et al. 1992, Smelror et al. 2001), and the Mesozoic sedi-
mentary deposits on Andøya (Dalland 1975, 1981).
 
Seismic interpretation
The Mesozoic to early Cenozoic seismic reflectors 
mapped in the study area are listed in Table 2. These 
interpretations are in general agreement with previous 
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interpretation was integrated with available stratigraphic 
data (Fig. 3), applying well-established concepts for  the 
tectono-stratigraphic evolution of rifts and their seis-
mic expression (e.g. Prosser 1993, Nøttvedt et al. 1995, 
Ravnås & Steel 1998, Gawthorpe & Leeder 2000). These 
results were then compared with the stratigraphic evo-
lution and reported timing of rift activity from adjacent 
and conjugate margins.

and distribution of coeval stratigraphy have the poten-
tial to provide a record of the tectonic evolution (Young 
et al. 2001). Consequently we used growth faulting and 
seismic architecture (e.g. Prosser 1993, Morley 2002) to 
infer timing and duration of rifting. This was done using 
isochron maps in combination with interpreted seis-
mic reflection profiles. Special attention was paid to lat-
eral thickness variations along the hanging-wall of fault 
zones to investigate fault evolution and linkage through 
time (e.g. McLeod et al. 2002, Morley 2002). To further 
constrain the timing and duration of rifting, the seismic 
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in the study area are 
shown on Figure 3.



209NORWEGIAN JOURNAL OF GEOLOGY Mesozoic rifting and basin evolution on the Lofoten and Vesterålen Margin, North-Norway

observed in the undifferentiated pre-Cretaceous, Lower 
Triassic, Middle Jurassic, Upper Jurassic and Lower Cre-
taceous units, while indications of fault reactivation are 
observed at the transition between the Upper Cretaceous 
and the Palaeogene units. In contrast, west of the Utrøst 
Ridge and in the northern part of the Vesterålen margin, 
latest Cretaceous to Palaeogene rifting is the most promi-
nent event (Fig. 6f, g, l, t).

Lofoten margin 

The North Træna Basin is bounded to the east by the 
Vesterdjupet Fault Zone and to the west by a fault zone 
here termed the East Røst Fault Zone (Figs. 1, 5). The 
Vesterdjupet Fault Zone represents one of the most pro-
nounced fault zones on the LVM. It is composed of an 
array of NNE-SSW striking and WNW-dipping, right-
stepping en echelon faults which can be traced from the 
north-western tip of the Trøndelag platform to the Utrøst 
Ridge. Individual fault segments have lengths up to c. 60 
km and are linked by transfer faults. The most prominent 
of which is c. 24 km long and situated in the central part 
of the North Træna Basin (Fig. 5). Here maximum verti-
cal offset of the Vesterdjupet Fault Zone is more than 3 
s TWT (Fig. 6f). Towards the north the length and dis-
placement of individual fault segments decrease (Fig. 

Rift basin architecture

General setting
The rift basins on the LVM are bounded by dominantly 
NNE-SSW and NE-SW to E-W striking faults (Fig. 5). A 
change in basin architecture and dominant fault polarity 
occurs between the Lofoten margin and the Vesterålen 
margin (cf. Løseth & Tveten 1996, Olesen et al. 1997, Tsi-
kalas et al. 2001, Olesen et al. 2002, Bergh et al. 2007). 
On the Lofoten margin the Ribban Basin is bounded 
by the W-dipping WLBFZ separating it from the Lofo-
ten Ridge (Figs. 5, 6c-k). In contrast, the Vesterålen mar-
gin is dominated by E-dipping faults and no pronounced 
boundary fault separates the offshore rift basin from the 
islands of Vesterålen (Figs. 5, 6o-q). This change in mar-
gin architecture occurs across a broad E-W trending zone 
which may be traced from an apparent dextral offset of 
the Utrøst Ridge (between the Røst and Jennegga Highs) 
to between the islands of Lofoten and Vesterålen, where 
it corresponds to the northernmost termination of the 
WLBFZ (Fig. 5).

East of the Utrøst Ridge rift basins preserve dominantly 
pre-Cretaceous and Lower Cretaceous seismic units 
(Figs. 4, 6a-t). Here wedge-shaped seismic units indica-
tive of growth faulting and hence a syn-rift origin are 
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The fault bounded North Træna Basin preserves undif-
ferentiated pre-Cretaceous and Cretaceous seismic units 
(Fig. 6a-h). Where stratigraphic control allows for it, the 
pre-Cretaceous units are subdivided into Lower Trias-
sic, Upper Triassic-Lower Jurassic and Middle Jurassic 
units, while the Upper Jurassic unit is missing in central 
and northern parts of the basin. No significant growth 
of pre-Cretaceous units has been observed towards the 
Vesterdjupet Fault Zone, while pronounced growth 
occurs towards the East Røst Fault Zone (Figs. 6a-h, 7). 
This growth seems to be confined to the Lower Triassic 
unit (Fig. 6c-g) and no evidence of major synsedimentary 

6f-i), with the result that the North Træna Basin becomes 
part of the Ribban Basin (Fig. 6i). The western bound-
ary of the North Træna Basin is defined by an array of 
N-S to NE-SW striking, E-dipping faults with maximum 
offsets of c. 2 s TWT (Figs. 5, 6a-c, f, g). The N-S strik-
ing fault segments defining the fault zone are slightly 
curved with lengths up to c. 40-50 km, and organized in 
a right-stepping, en echelon pattern with relay ramps and 
breached relays (cf. Peacock et al. 2000a) developed in 
linkage zones (Fig. 5). The NE-SW striking faults along 
the southern part of the fault zone truncate the N-S strik-
ing faults.

Figure 6 (page 210 - 211 - 212)  Examples of interpreted 
seismic profiles from the LVM (vertical scale in s TWT). 
The locations of the profiles are shown on Figure 2 and 
Figure 5. The profiles are arranged in a general sense 
from south to north. Abbreviations are given in Table 1.
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Pre-Cretaceous seismic units are generally absent in the 
central part of the Ribban Basin (Figs. 6e-i, 7). However, 
where preserved in down-faulted areas in the Havbåen- 
and Skomvær Sub-basins, they locally show growth 
towards the WLBFZ (Fig. 6a, l) and smaller faults in the 
area (Fig. 6c, d). This growth occurred both towards 
NNE-SSW and ENE-WSW striking faults, dominantly 
within the Upper Jurassic unit, indicating that both NNE-
SSW and ENE-WSW striking faults were active simul-
taneously during Late Jurassic times.

The Lower Cretaceous unit represents the main part of 
the syn-rift basin fill also in the Ribban Basin, with the 
main depocenters situated in the Havbåen and Skomvær 
Sub-basins (Fig. 8). On some seismic lines the WLBFZ 
appears as a distinct fault plane with the Lower Creta-
ceous unit showing pronounced growth towards the fault 
zone (e.g. Fig. 6a, c, d, f, h). On other lines, however, pre-
Cretaceous units and underlying basement is dragged 
up towards the Lofoten Ridge and gradually onlapped 
by Lower Cretaceous reflectors (Fig. 6g, j, k). An ana-
logue situation was described by Gawthorpe et al. (1997) 
where a growth fold developed above a blind fault tip, and 
resulted in gradual onlap of syn-rift strata onto the fold. 
One such fold defines the basement high separating the 
Havbåen and Skomvær Sub-basins (Figs. 5, 6s) and can 
be regarded as a transverse anticline (Gawthorpe & Leeder 
2000) developed in the linkage zone between two fault 
segments. A NW-SE striking, SW-dipping accommo-
dation fault or release fault (Destro 1995) is observed 
at the south-facing limb of the transverse anticline. 
Growth of the Lower Cretaceous unit towards this fault, 
in addition  to the onlap of Lower Cretaceous reflectors 
onto the transverse anticline, indicates that the WLBFZ 
develop ed through linkage of individual fault segments 
in the Early Cretaceous. Consequently the Lofoten 
Ridge developed as a structural high during Early Creta-
ceous rifting. This is consistent with interpretations from 
Løseth  & Tveten (1996) who suggested that the Lofoten 
Ridge became a major clastic source at this time. It also 
implies that the pre-Cretaceous basins were of a wider 
extent than the Early Cretaceous rift basins, and proba-
bly covered the entire Lofoten Ridge. This is supported 
by the constant thickness of pre-Cretaceous units in the 
transverse  anticline (Fig. 6g, j, k).

The Top Early Cretaceous reflector drapes the crest of the 
Vesterdjupet Fault Zone (Fig. 6a-c), the southern part of 
the WLBFZ and the southern part of the East Røst Fault 
Zone (Fig. 6a), and is progressively onlapped by the 
Upper Cretaceous unit. This indicates that rifting had 
ceased by the onset of the Late Cretaceous. Local thick-
ness variations do, however, occur across these faults 
(Figs. 6b-f, 9). These thickness variations are related to 
compaction rather than faulting, as the main depocen-
ters occur above the best developed Lower Cretaceous 
units (Fig. 6b, c, d), not directly towards the fault plane as 
would be expected if the increase in accommodation cre-
ation was fault-related (e.g. Prosser 1993, Ravnås & Steel 

faulting is observed for the Upper Triassic to Middle 
Jurassic units. Hence, the growth of the pre-Cretaceous 
towards the WSW reflects Early Triassic faulting along 
the East Røst Fault Zone.

The Lower Cretaceous unit displays significant growth 
towards both the Vesterdjupet Fault Zone and the East 
Røst Fault Zone (Figs. 6a-h, 8). It represents the main 
part of the syn-rift fill in the North Træna Basin. The 
most pronounced growth occurs towards the Vesterdj-
upet Fault Zone, with gradual westward onlap onto the 
Base Cretaceous reflector, here represented by an uncon-
formity locally truncating the Middle Jurassic unit (Figs. 
4a, 6c-g). This indicates that both the footwall and hang-
ing wall of the Vesterdjupet Fault Zone were eroded prior 
to Early Cretaceous faulting. The thickness of the Lower 
Cretaceous sequence varies along the strike of the Vester-
djupet Fault Zone, with lateral thickness variations exceed-
ing 500 ms TWT (Fig. 8). Large boundary faults are gen-
erally assumed to develop by linkage of shorter segments 
(e.g. Morley 2002). This linkage may be detected in the 
filling patterns of rift basins where displacement varia-
tion over time affect the location and thickness of syn-rift 
sedimentary rocks deposited at various stages of boundary 
fault development (Schlische & Anders 1996, Gawthorpe & 
Leeder 2000, Morley 2002). Since the hanging wall of the 
Vesterdjupet Fault Zone was eroded prior to Early Creta-
ceous deposition, and the lateral thickness variations of the 
Lower Cretaceous seismic unit is confined to its lower part, 
we interpret the Vesterdjupet Fault Zone to have devel-
oped as a through-going boundary fault during fault seg-
ment linkage in the earliest Cretaceous. Several fault seg-
ments along the East Røst Fault Zone also appear to have 
linked up at this time. This is indicated by the Early Creta-
ceous age of the NE-SW striking fault linking the older N-S 
striking fault segments  (Fig. 6a). Faulting does, however, 
appear to have initi ated somewhat later along the East Røst 
Fault Zone than along the Vesterdjupet Fault Zone as indi-
cated by a thicker earli est Cretaceous sedimentary wedge 
towards the latter , combined with progressive westward 
onlap of Early Cretaceous  reflectors onto pre-Cretaceous 
seismic units (Fig. 6c).

The architecture and filling pattern of the Ribban Basin 
is largely controlled by the WLBFZ. This fault zone 
consists of several NNE-SSW and ENE-WSW strik-
ing, W- dipping fault segments which link up with the 
Vesterdjupet Fault Zone in the south and continues up to 
between the Lofoten  and Vesterålen islands in the north 
(Fig. 1, 5). Individual fault segments defining the WLBFZ 
have lengths ranging from c. 15 km to more than 40 km, 
with maximum observed offsets of c. 3 s TWT (Fig. 6a-i). 
Several  smaller faults occur within the Ribban Basin. 
They have similar orientation as the WLBFZ with seg-
ment lengths up to c. 15 km and maximum offsets of c. 
0.5 to 1 s TWT. Jogs (Sibson 1989, Peacock et al. 2000a) 
along the traces of these faults at 5 to 10 km intervals sug-
gest that they developed by linkage of even shorter fault 
segments.
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Figure 7 Isochron map of pre-Cre-
taceous seismic units defined bet-
ween the Top Basement reflector 
and the Base Cretaceous reflector. 
Abbreviations are given in Table 1.

Figure 8 Isochron map of the Lower 
Cretaceous seismic unit defined 
between the Base Cretaceous reflec-
tor and the Top Early Cretaceous 
reflector. Note that north of the Top 
Early Cretaceous reflector subcrop 
north of the red line where the map 
shows the thickness between the 
Base Cretaceous reflector and the 
seafloor. Abbreviations are given in 
Table 1.
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at this time (Fig. 6a). However, west of the Utrøst Ridge 
a series of W- to NW-dipping faults truncate the undif-
ferentiated Mesozoic  units (Fig. 6f-j). Evidence of growth 
faulting may be observed towards the top of these units, 
and some of these fault surfaces are in addition onlapped 
by Palaeogene  reflectors indicating they also developed 
during  latest Cretaceous to Palaeogene rifting (Fig. 6f). 
Consequently, following tectonic quiescence during the 
early Late Cretaceous renewed rifting and local reactiv-
ation occurred during the latest Cretaceous to Palaeo-
gene.

Vesterålen margin

The Vesterålen margin marks a change in polarity of the 
basin-bounding faults compared to that of the Lofoten  
margin. Between the Lofoten and Vesterålen islands, 
a prominent ENE-WSW striking and NNW-dipping 
fault represents the northern termination of the WLBFZ 
(Figs. 5, 6l). North of this fault a series of N-S striking, 
W-dipping faults marks the northeastern boundary of the 
Havbåen Sub-basin. These faults can be traced for about 
15 to 20 km along strike, having a maximum displace-
ment of about 1 s TWT, and delineating 20 to 30 km wide 
fault blocks (Figs. 5, 6m, n). The faults die out in a north-
ward direction and displacement is taken up by a major 
NNE-SSW striking, E-dipping fault zone, referred to here 

1998). The Lower Cretaceous stratigraphy is, in addition, 
dominated by mudstones with a high initial compaction 
potential (Fig. 3). The most pronounced thickness vari-
ation of the Upper Cretaceous unit is from the LVM in 
a southwestward direction towards the Vøring Margin 
(Figs. 6s, 9), where southwestward growth is accompa-
nied by gradual northeastward onlap of the Upper Creta-
ceous seismic unit onto the Top Early Cretaceous reflec-
tor. This indicates large variations in accommodation cre-
ation between the LVM and the Vøring Margin during 
the Late Cretaceous, with the Vøring Margin undergoing 
rapid subsidence relative to the LVM.

Locally, the Top Early Cretaceous reflector and the Upper 
Cretaceous unit are truncated by the Vesterdjupet Fault 
Zone (Figs. 4a, 6f) and the WLBFZ (Fig. 6c, d). In the 
Skomvær Sub-basin this truncation is accompanied by 
a small anticline developed in the hanging-wall block 
of the WLBFZ. The anticline affects the uppermost part 
of the Upper Cretaceous unit and the lowermost part 
of the Palaeogene unit (Fig. 6c, d), and follows the trace 
of the fault zone. It is interpreted as a reverse drag fold 
or possibly a forced fold (cf. Schlische 1995), indicat-
ing local reactivation along the WLBFZ in latest Creta-
ceous to Palaeogene times. This reactivation must be of 
a local extent since no sign of faulting is observed farther 
south along the Vesterdjupet Fault Zone or the WLBFZ 
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Cretaceous seismic unit defined bet-
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Tectono-sedimentary evolution and time 
constraints on rifting

Late Palaeozoic – Early Triassic

Constraining the late Palaeozoic tectono-sedimen-
tary evolution of the LVM is difficult since no Palaeo-
zoic basins have been confirmed by drilling and Meso-
zoic units rest directly on basement over large parts of 
the area. Local fault-bounded late Palaeozoic basins have, 
however, been inferred from seismic interpretations 
in the North Træna and Ribban basins (Hansen et al. 
1992, Blystad et al. 1995, Tsikalas et al. 2001) (cf. Fig 4a). 
Permian rifting is further suggested from a semi-ductile 
shear zone on the island of Værøy on the Lofoten Ridge 
(Steltenpohl et al. 2004). Triassic sedimentary sequences 
are preserved in the North Træna Basin where Lower 
Triassic proximal alluvial fan deposits rest directly on 
unweathered crystalline basement rocks in core 6710/03-
U-03 (Hansen et al. 1992) (Fig. 3). Hansen et al. (1992) 
interpreted these deposits to have a local provenance, 
suggesting they originated from a local fault scarp. Evi-
dence of rifting in the Early Triassic is further indicated 
by growth of the Early Triassic unit towards N-S striking, 
E-dipping faults marking the western boundary of the 
North Træna Basin (Figs. 4a, 6c, f, g).

Permo-Triassic rifting is a widespread event (e.g. Bad-
ley et al. 1988, Surlyk 1990, Færseth 1996, Gudlaugsson 
et al. 1998, Müller et al. 2005, Oftedal et al. 2005). Rift-
ing at this time is best constrained onshore East Green-
land (Doré et al. 1999) where a major phase of normal 
faulting culminated in the Middle Permian and further 
block-faulting took place in the Early Triassic (Surlyk 
1990). Permo-Triassic rift basins are also documented 
in the northern Viking Graben (Gabrielsen et al. 1990), 
on the mid-Norwegian margin (Bugge et al. 2002, Müller 
et al. 2005) and in the SW Barents Sea (Gudlaugsson et 
al. 1998). Müller et al. (2005) point out that peak exten-
sion occurred in the Early Triassic (Early Scythian), and 
not in the Late Permian, on the mid-Norwegian and East 
Greenland margins. This is in good agreement with the 
age of the alluvial fan deposits on the LVM (cf. Hansen et 
al. 1992) supporting that they are rift related.

On East Greenland a major eustatic sea-level fall in the 
latest Permian led to the emergence and erosion of the 
youngest Permian deposits, with the result that Lower 
Triassic deposits rest with a marked unconformity on 
the eroded surface of the Upper Permian succession 
(Surlyk 1990). We tentatively relate this eustatic event to 
the non-conformity separating the Triassic alluvial fan 
deposits from basement rocks in the Nordland VI area 
(Fig. 3), and thus to the base of the Lower Triassic unit 
in the North Træna Basin (Fig. 6c-g). This indicates that 
an eustatic sea-level fall in the latest Permian caused the 
stripping away of most of the pre-Mesozoic sedimentary 
sequences on the LVM.

as the Pyramiden Fault (Fig. 5). The Pyramiden Fault can 
be traced along strike for more than 80 km, and shows a 
maximum vertical displacement of c. 2 s TWT. Towards 
north the basement structure defined by the Pyramiden 
Fault is truncated and down-faulted to the NNW across a 
series of ENE-WSW striking fault zones (Fig. 5, 6t). These 
faults link up with the faults defining the western bound-
ary of the Jennegga High (Figs. 5, 6l). On the northern 
part of the Vesterålen margin the faulted basement is 
steeply tilted towards the NW (Fig. 6o-q). Here a series 
of younger NE-SW striking, NW-dipping faults detach 
within the undifferentiated Mesozoic unit (Fig. 6q).

On the Vesterålen margin the Middle Jurassic unit, where 
differentiated, rests directly on basement (Fig. 6l-o). It 
has a fairly homogenous thickness but local variations 
occur and are related to growth faulting (Fig. 4b, 6t). 
Some faults also terminate within this unit supporting a 
syn-rift origin. The Upper Jurassic unit is preserved in the 
hanging wall of the Pyramiden Fault (Fig. 6n, o). It shows 
prominent growth towards the northernmost segment of 
the WLBFZ (Figs. 6l, 7), while only minor growth occurs 
towards the Pyramiden Fault (Fig. 6n, o) and the north-
eastern boundary faults of the Havbåen Sub-basin (Fig. 
6l-n). Prominent growth of the Lower Cretaceous unit 
is, however, observed towards these latter faults which 
truncate the Upper Jurassic unit (Fig. 6l-o). In this area 
we thus see evidence of initial rifting during the Middle 
Jurassic which escalates during the Late Jurassic. Faults 
developed during the Early Cretaceous then truncate the 
older seismic units.

The Jurassic units have a constant thickness or increase in 
thickness approaching the Vesterålen islands (Fig. 6m-p). 
Since no pronounced boundary fault separates the off-
shore basins from onshore areas (Fig. 6 o, p) this indicates 
that large parts (if not all) of the now exposed and denu-
dated basement rocks onshore Vesterålen were covered 
by Middle and Upper Jurassic sedimentary sequences. 
This is supported by the preserved Mesozoic rift basin 
on Andøya (Dalland 1975, 1981), erratic blocks found in 
coastal areas (Fürsich & Thompsen 2005), the presence of 
fault-bounded Mesozoic basins in shallow fjord areas in 
Vesterålen (Davidsen et al. 2001), and inferred Mesozoic 
faults onshore (Dalland 1975, 1981, Bartley 1982, Løseth 
& Tveten 1996, Bergh et al. 2007). The Vesterålen margin 
thus resembles the western flank of a graben that proba-
bly covered the islands of Vesterålen.

The fault zone west of the Jennegga High and the faults 
truncating the Pyramiden Fault cut through the undiffer-
entiated Mesozoic unit (Fig. 6 l, t). Evidence of growth-
faulting is locally observed towards the top of this unit 
(Fig. 6t) and some of the fault planes are onlapped by Pal-
aeogene reflectors (Fig. 6l) similar to the Lofoten mar-
gin west of the Utrøst Ridge (Fig. 6f). This indicates lat-
est Cretaceous – Palaeogene rifting also for these faults, 
in agreement with previous interpretations by Tsikalas et 
al. (2001).
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Berriasian/Volgian) marine mudstones (i.e. the Hekkin-
gen Formation in Nordland VII and the Dragneset For-
mation on Andøya) (Dalland 1981, Hansen et al. 1992, 
Smelror et al. 2001). In Nordland VII the boundary 
between the two formations is sharp but non-erosional 
and corresponds with a hiatus from middle Callovian to 
upper Oxfordian (Fig. 3) (Hansen et al. 1992, Smelror et 
al. 2001). A similar situation occurs on Andøya where 
Bajocian/Bathonian shallow marine to continental 
deposits are overlain by ?Oxfordian transgressive depos-
its (Fig. 3) (Dalland 1981). This episode of non-deposi-
tion/erosion occurred simultaneously with slow sedi-
mentation and condensation in the Troms III area far-
ther north (Smelror et al. 2001). Thus, a rapid transgres-
sion initiated in the middle Callovian, initially resulting 
in sediment starvation, followed by shelf deposition in a 
deepening upward environment. The boundary between 
the shallow marine sandstones and the transgressive 
mudstones corresponds with the boundary between 
the Middle and Upper Jurassic units in the Vesterålen 
area. Consequently the onset of the middle Callovian 
transgression corresponds with initiation of prominent 
growth faulting observed in the Upper Jurassic unit (e.g. 
Fig. 6l-n).

We interpret the Middle Jurassic continental to shallow 
marine deposits to belong to the “rift initiation” stage as 
defined by Prosser (1993) to characterize the early stages 
of rifting when the rate of fault displacement is rela-
tively low and sedimentation keeps pace with subsid-
ence. The middle Callovian transgression marking the 
top of the unit is interpreted to represent the onset of 
the “rift climax stage”, i.e. when the rate of fault displace-
ment increases markedly and subsidence outpaces sedi-
mentation rates. Similar observations have been reported 
from other rift basins (e.g. McLeod et al. 2002), shown 
by modelling (Gupta et al. 1998, Cowie et al. 2000) and 
in conceptual models of rift basin evolution (Prosser 
1993, Gawthorpe & Leeder 2000). Thus, following the 
Early-Middle Jurassic proto rift stage on the LVM, rift-
ing became initiated in the Bajocian. This resulted in a 
transgression and establishment of a continental to shal-
low marine depositional system. Then, in the middle 
Callovian, rifting climaxed resulting in rapid transgres-
sion, sediment starvation (i.e. the Rauåte Member in 
Nordland VII and the Breisand Member on Andøya) and 
a transition into a shelf environment. Bajocian rift initia-
tion has also been proposed for the northern North Sea 
(Gabrielsen et al. 1990, Færseth 1996), the mid-Norwe-
gian margin (Corfield et al. 2001), and on East Green-
land (Surlyk 2003) based on similar criteria. This sup-
ports Bajocian rift initiation on the LVM at this time.

On Andøya the upper part of the marine mudstones of 
the Dragneset Formation shows a regressive develop-
ment with a shallowing upward nature, and is capped 
by an erosional unconformity separating uppermost 
Jurassic (Volgian) from lowermost Cretaceous (Ber-
riasian) deposits (Fig. 3) (Dalland 1981). A regressive 

Middle Triassic – Middle Jurassic
Middle Triassic sequences have not been drilled on the 
LVM, making it difficult to constrain this period. For the 
Upper Triassic – Lower Jurassic sequences we have not 
observed any evidence of growth-faulting, indicating tec-
tonic quiescence. Such an interpretation is supported by 
observations from adjacent and conjugate margins where 
the Middle Triassic to lower Middle Jurassic generally 
has been assigned a post-rift setting (e.g. Færseth 1996, 
Surlyk 2003, Müller et al. 2005). During this time deltaic 
deposition occurred in basinal areas (Fig. 3) while exten-
sive weathering occurred in exposed basement terranes 
(Hansen et al. 1992, Løseth & Tveten 1996, Mørk et al. 
2003). In Early to Middle Jurassic times the LVM was 
uplifted and eroded as evidenced by the Pliesbachian-
Middle Callovian unconformity in well 6710/03-U-01 
(Fig. 3), separating upper delta plain from upper shore 
face deposits. This unconformity can probably be corre-
lated with the non-conformity separating Middle Juras-
sic continental to shallow marine deposits from weath-
ered basement in the Nordland VII and Andøya areas 
(Fig. 3), and thus to the smooth peneplaned relief sepa-
rating basement from Middle Jurassic units in the Rib-
ban Basin and on the Vesterålen margin. Uplift at this 
time has also been reported on a regional scale along the 
North Atlantic margins and linked to the onset of crustal 
extension and increased heat flow (Brekke et al. 2001). 
Consequently, we relate Early to Middle Jurassic uplift 
and peneplanation of the LVM to the proto rift stage (cf. 
Nøttvedt et al. 1995), where uplift and doming, as a result 
of increased heat flow, occurred prior to rift initiation 
and faulting.

Middle Jurassic – Late Jurassic

During the Middle Jurassic, around Bajocian to Batho-
nian time, a transgression resulted in deposition of conti-
nental to shallow marine deposits on previously exposed 
and weathered basement rocks in the Vesterålen area 
(i.e. the Måsnykan and Ramså Formations respectively), 
and on top of older sedimentary sequences in the North 
Træna Basin (i.e. in 6710/03-U-01) (Fig. 3) (Dalland 
1981, Hansen et al. 1992, Smelror et al. 2001). On the 
Vesterålen margin no pronounced thickness variations 
are observed within the Middle Jurassic unit. However, 
growth-faulting may be observed locally and some faults 
die out within this unit (Fig. 4b), indicating faulting also 
at this time. Dalland (1981) observed prominent thick-
ness variations within the lower part of the Hesteberget 
member (i.e. the lowermost member of the Ramså For-
mation) in the sedimentary succession on Andøya (Figs. 
1, 3) and related this to onset of rifting in the Bajocian. 
These observations indicate that faulting also occurred 
in the Middle Jurassic and imply that onset of deposition 
in the Vesterålen area was a direct response to initial rift-
ing in the Bajocian.

The Middle Jurassic shallow marine deposits are 
sharply overlain by Upper Jurassic (upper Oxfordian to 
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the northern North Sea where Kyrkjebø et al. (2004) 
interpreted the base Cretaceous unconformity (by them 
termed the northern North Sea Unconformity Complex) 
to separate the syn-rift and post-rift successions and to 
have developed as a result of multiple processes of both 
regional and local nature associated with the Jurassic to 
Cretaceous syn-rift to post-rift transition.

Early Cretaceous 

Latest Jurassic to earliest Cretaceous uplift and erosion 
was followed by a major transgression which commenced 
in the earliest Cretaceous. On Andøya this transgression 
initiated in the Valanginian by the deposition of shallow 
marine sandstones above Berriasian mudstones which 
drape the base Cretaceous unconformity (Dalland 1981) 
(Fig. 3). These shallow marine sandstones show a con-
tinuous deepening-upward depositional environment 
into Aptian, relatively deep marine mudstones containing 
thin turbidites. In Nordland VII, which records continu-
ous sedimentation through this interval, the onset of the 
transgression is marked by the Klippfisk Formation which 
represents lower Valanginian to Hauterivian deposition in 
a deep, well oxygenated, open starved shelf environment 
(Fig. 3) (Hansen et al. 1992, Smelror et al. 2001). This con-
densed unit marks the end of the prograding Hekkin-
gen Formation and is succeeded by anoxic marine clay-
stone deposits. A change in the mineralogical composition 
occurs across the condensed unit suggesting increased 
influence from erosion of feldspar-rich rocks (Smelror et 
al. 2001). Smelror et al. (2001) related this change in min-
eralogy to a new tectonic episode. The cored location (i.e. 
the well 6814/04-U-02) lies on the crest of a rotated fault 
block, and the seismic unit corresponding with the Klip-
pfisk Formation increases to more than three times the 
cored thickness towards a graben in the west, indicat-
ing syn-sedimentary faulting (Smelror et al. 2001). In the 
North Træna Basin core material from the well 6710/03-
U-01 shows that this area was transgressed in the upper 
Barremian (Hansen et al. 1992) (Fig. 3). The cored loca-
tion is, however, up-dip on the tilted fault block, and seis-
mic data shows growth faulting and transgression of the 
Lower Cretaceous unit also in pre-upper Barremian times 
(Fig. 4a). This indicates that the onset of transgression and 
related growth faulting may have initiated simultaneously 
on both the Lofoten and the Vesterålen margins. Conse-
quently we interpret the transgression to mark the onset of 
a new rift episode. The reported early Valanginian age for 
the onset of this transgression indicates that rifting started 
on the LVM at this time.

Early Cretaceous crustal thinning is associated with the 
most prominent Mesozoic rift event on the LVM (Fig. 
6) (cf. Blystad et al. 1995, Tsikalas et al. 2001). It was by 
this time that the major boundary faults and basement 
ridges became prominent structural elements. Early Cre-
taceous rifting is also recognized as a prominent event 
on the south-western Barents Sea Margin (Faleide et al. 
1993), on East Greenland (Whitham et al. 1999), and 

development is also observed in the upper part of the 
equivalent Hekkingen Formation in Nordland VII. How-
ever, this area shows a more distal depositional environ-
ment with continuous sedimentation across the Juras-
sic-Cretaceous transition and no unconformity sepa-
rating the uppermost Jurassic from lowermost Creta-
ceous deposits. In Nordland VI Upper Jurassic depos-
its are missing and here an erosional unconformity, cor-
responding with the Base Cretaceous reflector, sepa-
rates Middle Jurassic (Callovian) shallow marine depos-
its from Lower Cretaceous (Barremian) offshore/shelf 
deposits (Fig. 3). The unconformity on Andøya proba-
bly corresponds to the base Cretaceous unconformity in 
Nordland VI and thus to the unconformity represented 
by the base Cretaceous reflector. Dalland (1981) related 
the unconformity on Andøya to uplift and erosion. Uplift 
and erosion is also evident for the Base Cretaceous reflec-
tor which truncates older sedimentary sequences and 
basement over large parts of the LVM, including both the 
footwall and hanging-wall of the Vesterdjupet Fault Zone 
(e.g. Fig. 6a-t). We interpret the regressive development 
on Andøya to mark the onset of uplift, inferring that 
the LVM was uplifted during the latest Jurassic (c. Vol-
gian) resulting in subaerial exposure and erosion in most 
places. This erosion seems to be most severe on the Lofo-
ten margin, where most of the pre-Cretaceous deposits 
were stripped away (Fig. 7).

The late Jurassic stratigraphic development on Andøya 
and in Nordland VII is similar to the development in the 
northern North Sea (Nøttvedt et al. 2000), on the mid-
Norwegian margin (Corfield et al. 2001), on East Green-
land (Surlyk 2003) and on the south-western Barents 
Sea Margin (Faleide et al. 1993), indicating a similar tec-
tono-sedimentary evolution in these areas. In the north-
ern North Sea Nøttvedt et al. (2000) interpreted this 
upward shallowing depositional environment to reflect 
reduced fault-related subsidence related to the cessation 
of Late Jurassic rifting. The latest Jurassic development 
on the LVM bears a striking resemblance to the north-
ern North Sea, and further mimics the idealised immedi-
ate post-rift stage in Prosser (1993) and late rifting stage 
for sediment-balanced and sediment-overfilled basins 
in Ravnås & Steel (1998). Consequently we interpret it 
to reflect reduced fault-related subsidence and gradual 
filling of the Late Jurassic rift basins resulting from tec-
tonic quiescence. The subsidence pattern of a rifted basin 
can be reversed if the rate of thermal uplift exceeds the 
rate of isostatic subsidence caused by lithospheric exten-
sion, and may result in uplift of the rifted basin above the 
erosional base level and truncation of its sedimentary 
fill (Ziegler 1992, Ziegler & Cloetingh 2004). The latest 
Jurassic uplift on the LVM can thus be explained by ther-
mal uplift following cessation of crustal stretching. Con-
sequently the base Cretaceous reflector on the LVM can 
be classified as a syn-rift unconformity (Nøttvedt et al. 
1995) separating the syn-rift stage from the succeeding 
post-rift stage (c.f. post-rift unconformity of Badley et al. 
1988). Similar interpretations have been inferred from 
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During the latest Cretaceous to Palaeogene the LVM was 
again subjected to rifting. This led to faulting dominantly 
west of the Utrøst Ridge in addition to the northern parts 
of the Vesterålen Margin. Seismic interpretations also 
indicate local reactivation along the WLBFZ at this time 
(Fig. 6c, d). The timing of this event is difficult to con-
strain due to the lack of stratigraphic control. However, 
based on commercial drilling and seismic interpretations 
in the outer Vøring Basin, Gernigon et al. (2003) and Tsi-
kalas et al. (2001) suggested early Campanian and middle 
Campanian ages for the onset of this rift event respec-
tively. Skogseid (2000) indicated the latest Cretaceous 
to Palaeogene rift event initiated near the Campanian-
Maastrichtian boundary, while Lundin and Doré (1997) 
suggested onset of rifting in the late Maastrichtian. In the 
Nordland VI area core 6711/04-U-01 contains a hiatus 
separating upper Santonian from Campian – Maastrich-
tian deposits representing a marked lithological bound-
ary (Fig. 3). This boundary might tentatively be related 
to the onset of the latest Cretaceous rift episode, based 
on its good correspondence with the initiation of rifting 
elsewhere. However, the latest Cretaceous rift episode on 
the LVM is assumed to have initiated at the same time 
as on adjacent margins. Consequently, following tec-
tonic quiescence spanning most of the Late Cretaceous, 
the latest Cretaceous rift episode on the LVM was initi-
ated in Campanian to Maastrichtian times. This resulted 
in local reactivation along the WLBFZ in addition to 
major faulting west of the Utrøst Ridge and the northern 
parts of the Vesterålen margin, and culminated with final 
breakup and passive margin development in the Early 
Eocene (Eldholm et al. 1989, Olesen et al. 2007). West 
of the Utrøst Ridge the boundary between the Mesozoic 
and Cenozoic seismic units is represented by a promi-
nent angular unconformity (Fig. 6f-j, l, r). This uncon-
formity may be classified as a break-up unconformity (cf. 
Nøttvedt et al. 1995), indicating thermal uplift following 
final rifting in the Eocene, succeeded by thermal subsid-
ence and gradual onlap in post-Eocene times (cf. Faleide 
et al. 2008).

Discussion

Timing of rift basin development

Our model explaining the tectono-sedimentary evolu-
tion of the LVM is summarized in Figure 10. It further 
constrains the timing and duration of rifting compared 
with previous models (Mokhtari & Pegrum 1992, Blys-
tad et al. 1995, Tsikalas et al. 2001, Bergh et al. 2007), 
and explains a multiphase tectonic evolution, with rifting 
occurring in the Early Triassic, Mid/Late Jurassic, Early 
Cretaceous, and latest Cretaceous-Palaeogene.
Care must be exercised when relating growth strata 
and lateral thickness variations to fault activity. First of 
all, distinguishing between actual syn-rift related thick-
ness variations and thickness variations related to post-
rift infilling of fault topography may be difficult, and 

on the mid-Norwegian margin (Brekke 2000, Osmund-
sen et al. 2002), supporting this interpretation. However, 
in the Northern North Sea the Early Cretaceous is gen-
erally regarded as a post-rift succession (Badley et al. 
1988, Gabrielsen et al. 1999, Kyrkjebø et al. 2004), and 
a post-rift setting in the Early Cretaceous has also been 
proposed for the mid-Norwegian margins (Færseth & 
Lien 2002). On the LVM Early Cretaceous rifting prob-
ably continued at least up to the Albian as indicated by 
seismic interpretations and the general upward deepen-
ing nature of the Skarstein Formation on Andøya (Fig. 3) 
(Dalland 1981). Dalland (1981) also reported the occur-
rence of basement olistoliths of local provenance floating 
in the upper part of the Skarstein Formation, and related 
this to tectonic activity in the Aptian. By the onset of the 
Late Cretaceous, fault activity had ceased on the LVM 
(Fig. 6a-c). The boundary separating the syn-rift Lower 
Cretaceous unit from the post-rift Upper Cretaceous unit 
is represented by an angular unconformity, where Upper 
Cretaceous reflectors gradually onlap the unconformity 
(Figs. 6b-d). Where drilled in the Nordland VI area, this 
unconformity represents a non-depositional Albian to 
upper Cenomanian hiatus (Fig. 3). This indicates that 
the Early Cretaceous rift event ceased on the LVM dur-
ing the Albian. Such an interpretation is consistent with 
cessation of rifting elsewhere along the Norwegian and 
East Greenland continental margins. On the southwest-
ern Barents Margin Faleide (1993) observed rifting as 
late as the Aptian. Osmundsen et al. (2002) noted that 
the major basin-bounding faults on the mid-Norwegian 
margin had become extinct by the late Early Cretaceous, 
and on northeast Greenland, Early Cretaceous rifting 
ended in the Middle Albian, after which the rift topog-
raphy was infilled and a shelf break margin was created 
and maintained until at least the Campanian (Whitham 
et al. 1999). This indicates that Early Cretaceous rifting 
ceased during Albian times over most of the Norwegian 
and East Greenland margins.

Late Cretaceous – Palaeogene

On the LVM Upper Cretaceous deposits have only been 
drilled in the North Træna Basin. Here offshore/outer 
shelf deposits rest with an angular unconformity (Fig. 
6f), represented by a non-depositional hiatus, upon 
Lower Cretaceous deposits of a similar affinity deposited 
in a somewhat deeper environment (Fig. 3) (Hansen et 
al. 1992). The lower part of the Upper Cretaceous seismic 
unit has been related to tectonic quiescence and filling of 
the Early Cretaceous rift topography on the LVM. How-
ever, the unconformity separating the Lower and Upper 
Cretaceous seismic units marks the onset of pronounced 
subsidence of the Vøring Margin (Fig. 6s) (cf. Blystad 
et al. 1995). Consequently, subsidence initiated on the 
Vøring Margin following the cessation of the main Early 
Cretaceous rift episode on the LVM in the Albian. Lun-
din & Doré (1997) and Doré et al. (1999) related this sub-
sidence to a conspicuous and poorly understood mid-
Cretaceous tectonic event.
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Corfield et al. (2001) who reinterpreted the Garn Forma-
tion (Bajocian) on the mid-Norwegian Margin as being 
related to faulting, rather than deposited in a pre-rift set-
ting as proposed by previous workers (e.g. Dalland et al. 
1988, Koch & Heum 1995). This reinterpretation was 
based on the highly diachronous nature of the Garn For-
mation over short distances, and supported by seismic 
and biostratigraphic data. Previous interpretations, how-
ever, suggested that the Garn Formation developed as a 
relatively homogenous and simple sheet-like sandstone, 
with a wide lateral extent (Corfield et al. 2001). Conse-
quently it might be difficult to recognize on seismic data 
as being fault-related. This indicates that the diachrone-
ity in reported onset of Mid/Late Jurassic rifting might 
be model related and dependant on the criteria used to 
identify rifting. Consequently rifting may have been ini-
tiated simultaneously in the Bajocian along the Norwe-
gian and conjugate East Greenland margins, supporting 
Bajocian rift initiation also on the LVM.

There is also some discrepancy in the reported dura-
tion of Mid/Late Jurassic and Early Cretaceous rifting. 
While some workers operate with a protracted Mid/Late 
Jurassic rift episode extending into the Early Cretaceous 
(Koch & Heum 1995, Brekke 2000, Tsikalas et al. 2001, 
Surlyk 2003), others infer separate Mid/Late Jurassic and 
Early Cretaceous rift events, separated by a short epi-
sode of tectonic quiescence (Doré 1991, Lundin & Doré 
1997, Doré et al. 1999, this work). In the northern North 
Sea rifting ceased in the latest Jurassic and the base Cre-
taceous unconformity marks the boundary between 
the syn-rift and post-rift succession (Badley et al. 1988, 
Kyrkjebø et al. 2004). On the LVM the Base Cretaceous 
reflector is comparable to the base Cretaceous unconfor-
mity in the northern North Sea (cf. Kyrkjebø et al. 2004) 
and was also interpreted to reflect tectonic quiescence or 
reduced tectonic activity. The regional extent of the Base 
Cretaceous unconformity (e.g. Shannon et al. 2005) indi-
cates that uplift and erosion during the latest Jurassic – 
earliest Cretaceous occurred in most areas, and was not 
restricted to the footwall block as would be expected if it 
developed during rifting. This supports the multi-stage 
rift model where Mid/Late Jurassic and Early Cretaceous 
rifting represent two separate events, as previously pro-
posed by Lundin & Doré (1997) and Doré et al. (1999).

Early Cretaceous rifting is recognized as a promi-
nent event on the south-western Barents Sea Margin 
(Faleide et al. 1993), on the LVM (Mokhtari & Pegrum 
1992, Tsikalas et al. 2001, this work), on East Greenland 
(Whitham et al. 1999), and on the Vøring and Møre mar-
gins (Brekke & Riis 1987, Gabrielsen et al. 1999, Brekke 
2000, Osmundsen et al. 2002, Gernigon et al. 2003). On 
the Vøring Margin uplift of the Nordland Ridge initiated 
during the Early Cretaceous (Brekke 2000), indicating 
that it developed as a major structural high at the same 
time as the Lofoten Ridge and Marmæle Spur. Early Cre-
taceous rifting is, however, not recognized as a prominent 
event everywhere. In the northern North Sea the Early 

requires careful evaluation of the seismic stratigraphy 
(Morley 2002). In addition, spatial variations in sediment 
thickness only represent a proxy for spatial variations 
in subsidence, and not a direct measure of subsidence 
(Young et al. 2001). The quantitative link between pre-
served stratal thickness and actual subsidence depends 
on a number of variables such as water depth, sediment 
availability, sedimentation rate/regime and compaction 
(e.g. Young et al. 2001). Rates of sediment supply and 
fault-related subsidence also show large lateral variations 
(Ravnås & Steel 1998), complicating this further. Conse-
quently the location within the rift system, seismic archi-
tecture and rift basin stratigraphy must be carefully eval-
uated when assessing timing and duration of rifting. On 
the LVM limited stratigraphic control hinders detailed 
investigations of the lateral stratigraphic development. 
There is, however, good consistency between idealized 
models for syn-rift stratigraphy (Prosser 1993, Nøttvedt 
et al. 1995, Ravnås & Steel 1998) and the stratigraphic 
development and seismic architecture on the LVM (Figs. 
3, 6). In addition, the tectono-sedimentary evolution 
inferred from adjacent and conjugate margins is largely 
consistent with observations from the LVM, supporting 
the proposed model.

Some discrepancies do, however, occur. These mostly 
concerns timing of rift initiation and cessation in the 
Mid/Late Jurassic and Early Cretaceous. Diachrone-
ity in the age of major Jurassic rifting is reported along 
the North Atlantic margins (Shannon et al. 2005). In 
this work we propose Bajocian rift initiation on the 
LVM. Bajocian rift initiation has also been reported in 
the northern North Sea (Gabrielsen et al. 1990, Færs-
eth 1996, McLeod et al. 2000), the mid-Norwegian Mar-
gin (Corfield et al. 2001) and on East Greenland (Sur-
lyk 2003) resulting in similar syn-rift deposition in these 
areas (e.g. the Tarbert Formation in the northern North 
Sea, the Garn Formation on the mid-Norwegian Margin, 
the Måsnykan Formation in Nordland VII, the Ramså 
Formation on Andøya and the Pelion Formation on East 
Greenland). Later rift initiation (e.g. late Middle Jurassic 
to early Late Jurassic) has, however, also been reported 
along the Norwegian margins (e.g. Faleide et al. 1993, 
Blystad et al. 1995, Koch & Heum 1995). These work-
ers relate rift initiation to the onset of prominent growth 
faulting. On the LVM the onset of pronounced growth 
faulting in the Late Jurassic was related to the onset of 
the rift climax stage rather than to rift initiation. Young 
et al. (2001) observed that the rift initiation deposits in 
the northern North Sea developed across isolated fault 
stands and thus that they don’t correspond with prom-
inent growth faulting. Numerical growth fault models 
also indicate that slow displacement rates prevail dur-
ing an initial phase of distributed extension, followed 
by an increase in displacement rates as strain becomes 
localized on linked fault arrays (ter Voorde et al. 1997, 
Gupta et al. 1998). The onset of prominent growth fault-
ing might thus be related to the onset of the rift climax 
stage rather than rift initiation. This is supported by 
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also interpreted the Cretaceous basins on the Vøring and 
Møre margins to reflect post-rift thermal subsidence fol-
lowing the Jurassic rift episode. Their main argument for 
an Early Cretaceous post-rift setting was the apparent 
lack of evidence of Early Cretaceous rifting in the Vøring 
and Møre Basins and that published accounts of Early 
Cretaceous rifting off mid-Norway was circumstantial. 

Cretaceous is considered to represent a post-rift set-
ting (Badley et al. 1988, Gabrielsen et al. 1999, Kyrkjebø 
et al. 2004). Some Early Cretaceous faulting does how-
ever occur, and appears to increase in frequency in a 
northward direction approaching the Møre-Trøndelag 
Fault Complex (Kyrkjebø et al. 2004). Using the north-
ern North Sea as an analogue, Færseth & Lien (2002) 
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Figure 10 Summary of the proposed tectonic model and the tectono-sedimentary evolution of the LVM.
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ascribed to the datasets used, resolution of the dataset, 
location within the rift system and/or tectonic model. 
Consequently we propose that the tectono-sedimentary 
model and time constraints on rift-basin development 
proposed for the LVM (Fig. 10) also apply for rift basins 
on adjacent and conjugate margins.

Fault array evolution and rift basin segmentation

Our interpretation shows that the fault arrays bounding 
the rift basins on the LVM consist dominantly of NNE-
SSW striking, right-stepping en echelon faults which are 
linked by NE-SW to E-W striking soft- and hard-linked 
transfer zones (Fig. 5). Inboard of the Utrøst Ridge Mid/
Late Jurassic and Early Cretaceous rifting predominates, 
and it was during Early Cretaceous rifting that the major 
boundary faults developed through linkage of domi-
nantly NNE-SSW striking faults. Consequently, the Mid/
Late Jurassic and Early Cretaceous NNE-SSW strik-
ing faults represent the main fault set, while synchro-
nous NE-SW to E-W striking faults are interpreted to 
have developed through progressive linkage of the for-
mer. These faults may thus be classified as transfer faults 
(cf. Morley et al. 1990, Moustafa 2002) reflecting local 
stress perturbation in fault transfer zones, rather than 
the regional rifting direction as proposed by Bergh et al. 
(2007) and Eig (2008).

A transfer fault interpretation for the Mid/Late Juras-
sic and Early Cretaceous NE-SW to E-W striking faults 
is supported by plate reconstructions of Greenland rela-
tive to Norway (Mosar et al. 2002a, Mosar et al. 2002b). 
The plate movement vector for Greenland with respect 
to Norway from 250 Ma (earliest Triassic) to 90 Ma 
(early Late Cretaceous) (Fig. 11a), is roughly perpen-
dicular to the major NNE-SSW striking boundary faults 
which developed during this time (Fig. 11b). This sup-
ports the interpretation that these faults represent the 
main fault system developed orthogonal to the extension 
direction, and that the NE-SW to E-W striking faults 
developed simultaneously represent transfer faults, and 
hence reflect local stress perturbation. However, the plate 
reconstructions indicate that there is a change in diver-
gence direction between Norway and Greenland in the 
Late Cretaceous between 90 Ma and 83 Ma (cf. Mosar et 
al. 2002a, Mosar et al. 2002b) and from this time up to 
54 Ma (about the time of final rifting and passive mar-
gin development) (Fig. 11c) the divergence direction was 
NW-SE directed and perpendicular to the first magnetic 
anomaly (e.g. anomaly 24b) (Fig. 11d). This direction 
is more preferable to the NE-SW to E-W striking base-
ment involved faults observed truncating the older base-
ment relief on the Vesterålen margin. Consequently we 
interpret the latest Cretaceous to Palaeogene rift basins 
on the LVM to have developed as a result of NW-SE 
directed extension, resulting in local reactivation of pref-
erably oriented fault zones, in addition to truncation of 
the faulted basement relief in areas closer to the future 
continent ocean boundary. It is possible that an apparent 

Since Early Cretaceous rifting is well documented on the 
mid-Norwegian margins (Brekke 2000, Osmundsen et al. 
2002), on the LVM (Mokhtari & Pegrum 1992, Tsikalas 
et al. 2001, Bergh et al. 2007, this work) and SW Barents 
Margin (Faleide et al. 1993) in addition to the conjugate 
east Greenland Margin (Whitham et al. 1999) we refute 
an Early Cretaceous post-rift interpretation of the Vøring 
and Møre basins and suggest that rifting in these areas 
occurred simultaneously as on the LVM. Consequently 
the northern North Sea and the mid-Norwegian margins 
experienced different post-Jurassic basin histories, the 
reasons for which will be discussed later.

Early Cretaceous rifting seems to have ended around 
Albian times in most areas (Faleide et al. 1993, Whitham 
et al. 1999, Osmundsen et al. 2002, Faleide et al. 2008, 
this work), and the early Late Cretaceous is consid-
ered a period of tectonic quiescence. However, on the 
Vøring Margin a conspicuous and poorly understood 
mid-Cretaceous tectonic event is inferred (Blystad et al. 
1995, Lundin & Doré 1997, Doré et al. 1999, Gernigon 
et al. 2003). This tectonic event corresponds with promi-
nent subsidence of the Vøring Basin following cessation 
of rifting on the LVM in the late Early Cretaceous. The 
moderately extended continental crust on the LVM con-
trasts with the greatly extended crust in the Vøring Basin 
farther south (Tsikalas et al. 2005a, Osmundsen & Ebb-
ing 2008). This change in crustal thickness follows a steep 
Moho gradient across the Bivrost Lineament (Tsikalas et 
al. 2005a). As with the LVM, the main rift episodes in the 
Vøring Basin occurred during the Late Jurassic - Early 
Cretaceous (Osmundsen et al. 2002, Faleide et al. 2008, 
Osmundsen & Ebbing 2008), indicating that the Bivrost 
Lineament acted as a transfer zone during this period, 
linking the highly extended Vøring Basin with the mod-
erately extended LVM. Since the onset of prominent sub-
sidence of the Vøring Basin seems to correspond with 
cessation of rifting, we propose that this mid-Cretaceous 
event represents thermal subsidence in a post-rift setting 
rather than a rift event. Consequently, the differing Late 
Cretaceous subsidence histories between the LVM and 
the Vøring Basin might be explained by the large varia-
tion in crustal extension between these areas, resulting in 
greater post-rift subsidence of the Vøring Basin. Rifting 
thus seems to have ended during the Albian on both the 
Norwegian and East Greenland margins, and this was 
followed by tectonic quiescence lasting up to the latest 
Cretaceous – Palaeogene rift event. The latter event ini-
tiated around Campanian to Maastrichtian time (Lundin 
& Doré 1997, Skogseid et al. 2000, Tsikalas et al. 2001, 
Gernigon et al. 2003, Tsikalas et al. 2005b), culminating 
with final separation and passive margin development in 
the Eocene (Eldholm et al. 1989, Olesen et al. 2007).

The above discussion indicates that the timing of Meso-
zoic to Cenozoic rifting on the LVM was synchronous 
with rifting elsewhere along the Norwegian and East 
Greenland margins. It also suggests that local diachro-
neity in reported onset and duration of rifting might be 
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from a dextral offset of the Utrøst Ridge, separating the 
Røst and Jennegga highs, to between the Lofoten and 
Vesterålen islands, where it corresponds with the north-
ernmost termination of the WLBFZ (Fig. 5). It is not 
represented by a distinct fault, but rather by the termi-
nation of opposite and similar dipping faults on either 
side of the zone. There is, however, no evidence of an age 
diachroneity between the faults north and south of this 
zone as indicated by Bergh et al. (2007). Consequently it 
is interpreted as a major E-W striking, soft-linked trans-
fer zone (cf. Morley et al. 1990, Moustafa 2002) offsetting 
the Lofoten and  Vesterålen rift basin domains in a dex-
tral manner. We propose the name Lofoten-Vesterålen 
Transfer Zone for this feature (Fig. 5). Such zones of rift 
segmentation are also referred to as accommodation 
zones (Bosworth 1985, Rosendahl et al. 1986). However, 
we prefer to use the term transfer zone, because it is scale 
independent (Morley et al. 1990), and because it is more 
robust than accommodation zone (see review of nomen-
clature in Faulds and Varga, 1998). NW-SE to NNW-SSE 
striking transfer zones also occur on the LVM (Olesen et 

truncation of N-S to NNE-SSW striking fault and frac-
ture systems by younger NE-SW to E-W striking fault 
and fracture systems onshore Lofoten developed during 
this rift event, rather than during the Early Cretaceous as 
suggested by Bergh et al. (2007) and Eig (2008).

Our proposed model for the tectono-sedimentary evo-
lution of the LVM (Fig. 10) also explains the change in 
dominant fault polarity between the Lofoten and the 
Vesterålen margins. Previous models that explain this 
along-strike change of fault polarity and basin archi-
tecture involve conjugate fault sets developed at dif-
ferent or partly overlapping times (Bergh et al. 2007), 
NW-SE to NNW-SSE striking transfer zones (Olesen et 
al. 1997, Tsikalas et al. 2001, Olesen et al. 2002), and dif-
ferent structural domains, concurrent with changes in 
trend of the Lofoten Ridge, which have a varying degree 
of obliqueness to the regional extension direction (Wil-
son et al. 2006). We relate the change in dominant fault 
polarity and basin architecture to dextral offset across 
a broad E-W trending zone. This zone can be mapped 
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Greenland r83
Greenland r65
Greenland r54
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Divergence direction r250 - r90
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Figure 11 Plate 
reconstructions of Norway 
and Greenland and its 
relation to major structu-
ral elements on the LVM. 
Rotation poles are from 
Mosar et al. (2002b). 
From 250 Ma to 90 Ma the 
divergence direction bet-
ween Norway and Green-
land was WNW directed 
(a) and orthogonal to the 
main NNE-SSW striking 
faults on the LVM (b). A 
change in divergence direc-
tion occurred between 90 
Ma and 83 Ma and from 
this time up to breakup in 
the Eocene the divergence 
direction was NW-SE 
directed (c) and orthogo-
nal to the first magnetic 
anomaly (d).
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transport funnelling coarse-grained clastics into the rift 
basins (Whitham et al. 1999, Surlyk 2003). The relay 
ramps (i.e. soft linked transfer zones) on East Greenland 
are observed on a variety of scales with strike-perpendic-
ular distances varying between 3 and 50 km. The larg-
est of these, the Hold with Hope relay ramp (Peacock et 
al. 2000b), links the Western Fault Zone and the Hoch-
stetters Foreland Fault (Fig. 12). Plate reconstructions 
indicate that the continuation of the transfer zone rep-
resented by the Hold with Hope relay ramp corresponds 
with the Lofoten-Vesterålen Transfer Zone that sepa-
rates the Lofoten and Vesterålen rift basin domains (Fig. 
12). Some of the larger transfer zones that offset entire 
rift domains along the NE Atlantic margins can thus be 
mapped across the conjugate margins.

The Møre-Trøndelag Fault Complex (e.g. Gabrielsen 
et al. 1999) represents a major ENE-WSW striking 
fault zone which corresponds with a dextral offset of 
the Mesozoic rift basins in the northern North Sea and 
the mid-Norwegian margin (Fig. 12). These rift basin 
domains experienced different crustal stretching and 
subsidence histories, notably in the Early Cretaceous 
(Gabrielsen et al. 1999), and a jump in apparent sedi-
ment thickness occurs across the fault complex (see Fig. 
6 in Kimbell et al. 2005). While rifting had ceased in the 
northern North Sea at the onset of the Early Cretaceous, 
Early Cretaceous rifting is a prominent event on the mid-
Norwegian margin (Gabrielsen et al. 1999, Brekke 2000, 
Osmundsen et al. 2002), which preserve thick Early 
Cretaceous sedimentary wedges. Kimbell et al. (2005) 
observed that a linear feature projecting southwestward 
from the Møre-Trøndelag Fault Complex appears to have 
exercised structural control over the margin of the north-
west UK platform. In this area Lower Cretaceous syn-
rift sections have been interpreted in the Rockall Basin 
(Musgrove & Mitchener 1996, Corfield et al. 1999, Tate 
et al. 1999) and farther south in the Porcupine Basin 
(McCann et al. 1995, and references therein). This indi-
cates that the Møre-Trøndelag Fault Complex and its 
southwestward continuation acted as a major transfer 
zone, linking areas subjected to Early Cretaceous rifting 
on the mid-Norwegian margin and northwest UK plat-
form, when rifting had ceased in the northern North 
Sea. Such an interpretation also explains the appar-
ent increase of Lower Cretaceous faults in the northern 
North Sea, approaching the Møre-Trøndelag Fault Com-
plex (Kyrkjebø et al. 2004).

In summary, a very consistent fault pattern bounds the 
Mesozoic rift basins along the North Atlantic margins, 
where N-S to NNE-SSW striking, right-stepping en ech-
elon faults are linked by NE-SW to E-W striking soft- 
and hard-linked transfer zones (Fig. 12). The Lofoten-
Vesterålen Transfer Zone seems to be part of a similar 
system of basin scale transfer zones that segment and off-
set the Mesozoic rift basins in a dextral manner. Coupled 
with plate reconstructions (Mosar et al. 2002a, Mosar 
et al. 2002b) we interpret that the N-S to NNE-SSW 

al. 1997, Tsikalas et al. 2001, Olesen et al. 2002). These 
seem to be of a more local extent, as previously indi-
cated by Olesen et al. (2002), and do not account for the 
change in basin architecture between the Lofoten and the 
Vesterålen margins. Our interpretation largely supports 
the model of Wilson et al. (2006). However, contrary 
to Wilson et al. (2006), who related the change in fault 
architecture and orientation to the changing trend of the 
WLBFZ, we interpret the change in orientation of the 
WLBFZ to reflect local stress perturbation in the Lofo-
ten-Vesterålen Transfer Zone. Our transfer zone model 
may also explain the observed difference in exhumation/
subsidence history between Lofoten and Vesterålen (Løs-
eth & Tveten 1996, Hendriks 2003, Hendriks et al. 2010). 
The Lofoten Ridge south of the Lofoten-Vesterålen 
Transfer Zone represents a fault-bounded horst, while 
no distinct boundary fault separates the Lofoten Ridge 
from the adjacent rift basins north of the transfer zone 
(Fig. 6o, p). Therefore, as the Lofoten Ridge south of the 
transfer zone developed as a horst during the Early Cre-
taceous, portions of the Lofoten Ridge north of this zone 
(i.e. the Vesterålen area) still represented a rift basin. 
Growth of the Upper Jurassic unit towards the northern-
most segment of the WLBFZ (Fig. 6l) indicates that the 
Lofoten-Vesterålen Transfer Zone represented a struc-
tural element at least since the onset of the Late Jurassic.

On a regional scale the fault arrays bounding the rift 
basins on the Norwegian and East Greenland margins 
resemble those on the LVM, where NNE-SSW striking, 
right-stepping en echelon faults are linked by NE-SW 
to E-W striking soft- and hard-linked transfer zones. 
This is well displayed on the reconstruction of Norway 
and Greenland back to c. 90 Ma (Fig. 12). On the mid-
Norwegian Margin, Pascoe et al. (1999) reported that a 
series of N-S striking right-stepping faults developed 
in the Smørbukk-Revfallet transfer system which links 
the southern termination of the Revfallet Fault with the 
Smørbukk Fault. A similar fault pattern is observed at 
the northern termination of the Revfallet Fault Complex 
which splays into a series of ENE-WSW to E-W striking 
faults marking the northern boundary of the Trøndelag 
Platform. Similar observations are, reported from the 
SW Barents Margin where Mid/Late Jurassic and Early 
Cretaceous rift basins are bounded by N-S striking, right 
stepping fault zones, and a component of sinistral shear 
is interpreted in the ENE-WSW-striking Bjørnøyrenna 
Fault Complex linking these fault zones (Faleide et al. 
1993). This is consistent with a transfer zone linking a 
NNE-SSW-striking, right-stepping fault system (cf. Mor-
ley et al. 1990, Faulds & Varga 1998, Moustafa 2002).

On the conjugate East Greenland Margin, the architec-
ture of the Middle Jurassic-Early Cretaceous (Late Bajo-
cian to Hauterivian) rift basins were controlled by N-S 
and NNE-SSW striking, right stepping en echelon nor-
mal faults (Whitham et al. 1999, Surlyk 2003). These 
fault zones were linked by NE-SW to E-W striking trans-
fer zones which acted as important conduits for sediment 



225NORWEGIAN JOURNAL OF GEOLOGY Mesozoic rifting and basin evolution on the Lofoten and Vesterålen Margin, North-Norway

Conclusions

1. Mesozoic rifting on the LVM occurred during the 
Early Triassic, Mid/Late Jurassic (Bajocian to Vol-
gian), Early Cretaceous (Valanginian to Albian) and 
latest Cretaceous to breakup (Campanian/Maastrich-
tian to Eocene).

2. The Early Triassic through Early Cretaceous rift 
events resulted from WNW-ESE directed extension. 
A change in extension direction occurred in the Late 
Cretaceous and the latest Cretaceous to Palaeogene 
rift event resulted from NW-SE directed extension.

3. Most of the present basement relief on the LVM devel-
oped as a result of Late Jurassic and Early Cretaceous 
rifting. The resulting rift basins are bounded by dom-
inantly NNE-SSW striking, right stepping en echelon 
faults which are linked by NE-SW to E-W striking 

striking faults developed orthogonal to the extension 
direction during Triassic through Early Cretaceous rift 
events, while the more NE-SW to E-W striking faults 
which developed simultaneously represent transfer faults 
reflecting local stress perturbation. The reported change 
in regional extension direction from E-W to NW-SE 
during the Mid/Late Jurassic (Færseth et al. 1997, Gabri-
elsen et al. 1999) or at the Jurassic-Cretaceous boundary 
(Doré 1991, Lundin & Doré 1997, Doré et al. 1999, Bergh 
et al. 2007, Eig 2008) might thus represent local stress 
perturbation in transfer zones as the main boundary 
faults linked, rather than a regional event. However, plate 
reconstructions (Mosar et al. 2002a, Mosar et al. 2002b) 
indicate that the regional extension direction changed 
during the Late Cretaceous, and the latest Cretaceous to 
Palaeogene fault zones are interpreted to reflect NW-SE 
directed extension.

Figure 12 Plate 
reconstruction at 90 Ma 
showing the approxi-
mate position of major 
fault zones on the Nor-
wegian and East Green-
land margins. Note that 
both margins seem to be 
dominated by N-S to NNE-
SSW striking faults which 
are linked by NE-SW 
to E-W striking trans-
fer zones. Some of these 
transfer zones are tracea-
ble across the conjugate 
margins indicating they 
involve segmentation of 
entire rift domains. Rota-
tion poles are from Mosar 
et al. (2002b). Fault zones 
are compiled from Faleide 
et al. (1993), Blystad et 
al. (1995), Pascoe et al. 
(1999), Whitham et al. 
(1999), Hamann et al. 
(2005) and this study.
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E. & Stewart , J. H.). Geological Society of America Special Paper 323. 
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soft- and hard-linked transfer zones.
4. During Early Cretaceous rifting the major boundary 

faults developed by virtue of fault-segment linkage. 
Consequently, the Lofoten Ridge and the Marmæle 
Spur developed as prominent structural elements at 
this time.

5. The change in margin architecture between the 
Lofoten  and Vesterålen portions of the margin can 
be explained by a prominent E-W striking soft-
linked transfer zone segmenting the rift domains in 
these areas. This transfer zone is termed the Lofoten-
Vesterålen Transfer Zone.

6. The proposed structural model and time constraints on 
Mesozoic rifting on the LVM is applicable to the adja-
cent Norwegian and conjugate East Greenland margins.
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