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Abstract	 Analysis of aerial and satellite photographs with respect to faults, fractures and dykes 
onshore Faroe Islands has revealed some preferred orientations. Investigations of these 
have been made in order to gain a better understanding of the tectonic evolution of the 
Faroese Platform during the Palaeogene. 
     The project had access to aerial photographs over roughly 70% of the country, and 
good quality satellite images covered most of the remainder. This enabled a thorough 
analysis of lineaments that are interpreted to represent faults, fractures and/or dykes. 
The analysis is performed in a consistent manner in order to avoid bias towards areas 
covered by the higher quality aerial photographs compared to the Satellite photograph 
covered areas. 	  
     The results show a distinct difference in the dominant trend of the interpreted fea-
tures (faults, fractures and dykes) in the oldest lava formation (NW/SE-NNW/SSE) 
compared to the younger formations (E/W). The older formation is exposed on the 
west side of the Faroe Islands, which is adjacent to a proposed parallel early Palaeocene 
transient rift. The E/W-ENE/WSW orientation is parallel to minimum stress direction 
associated with the continental breakup between Greenland and Eurasia. 
     This work does thus show that there were two extensional events in the Palaeogene, 
and that these were offset both in time and space. The former was early in the Pale-
ocene and located west of the Faroese Platform and had a preferred NW/SE-NNW/SSE 
orientation. The latter was in the latest Palaeocene to early Eocene, was located north 
of the Faroese Platform and had a preferred E/W-ENE/WSW orientation.

Introduction
The Faroe Islands (Fig. 1) are located on the Euro-
pean Atlantic Margin between the British Isles 
and Iceland (Fig. 2). They are just landwards of 
the breakup line between Greenland and Eurasia, 
and are wholly covered by flood basalts of the 
North Atlantic Igneous Province e.g. (Larsen et 
al., 1999a). The location of the Islands just south 

of the final breakup line, and between areas with 
dominant NW/SE and NE/SW trends respectively 
(Fig. 1), indicates that the Faroe Islands is a logi-
cal place to search for clues regarding the tectonic 
history of the region during the Palaeogene and 
Neogene. 

The basalts on the Faroe Islands are assigned to 
the Faroe Islands Basalt Group (Fig. 6), which are 
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part of the greater North Atlantic Igneous Prov-
ince (red area on Fig. 2). The Faroe Islands Basalt 
Group has been subdivided into seven formations 
(Passey and Jolley, 2009), with four of these being 
sedimentary in nature (Lopra, Prestfjall, Hvann
hagi and Sneis Formations), while the other three 
formations are basaltic (Beinisvørð, Malinstindur 
and Enni Formations). The thickness of the sed-
imentary sections ranges from a few meters to 
less than a meter, while the lava formations are 
up to more than a kilometre thick. The oldest 
formation is the Lopra Formation which is only 
found in the Lopra-1 well (Fig. 6). It is a hyalo-
clastic sequence which is most likely a result of 
lavas flowing into depressions in the pre-volcanic 
landscape (Ellis et al., 2002). This is overlain by 
the on average 20-50 m thick simple flows of the 

Beinisvørð Formation with a total thickness of 
3450 m of which 900 m is exposed and another 
2550 m were drilled in the Lopra-1 well (Chris-
tie et al., 2006). There was volcanic quiescence 
after the emplacement of the Beinisvørð Forma-
tion. The Prestfjall Formation, which contains 
coals within a clay-matrix, total thickness being 
only a few meters, was deposited during a period 
with no local volcanism. The formation repre-
sents, based on Milankovitch cycles, 1.42 Ma 
of deposition (Mørk, 2007). Renewed volcan-
ism started with the deposition of the Hvannhagi 
Formation, a volcanic conglomeratic sequence 
thought to have originated from the explosive 
re-initiation of volcanism (Rasmussen and Noe-
Nygaard, 1969). This later volcanism resulted in 
the emplacement of the Malinstindur and Enni 

Fig. 1. 
Gravity data showing dominant trends on the Faroese Continental Shelf. 
Dashed line: approximate location of Continent Ocean Transition.
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seen on aerial and satellite images of the islands. 
The assumption is that fractures and dykes will 
align themselves at right angles to the maximal 
tensional stress direction as documented in the lit-
erature e.g. (England, 1988; Gudmundsson, 2002; 
Nakamura, 1977). The ages and hence period of 
the emplacement of the Beinisvørð Formation 
is disputed, with palynological ages suggesting 
about one million years, while radiometric dat-
ing suggest a longer period of volcanism (Jolley, 
2009). The Malinstindur and Enni Formation 
lavas were emplaced possibly in less then one 
million years (Jolley, 2009).

Mapping on the Faroe Islands e.g. (Rasmussen 
and Noe-Nygaard, 1969) indicates a difference 
in orientation of dykes on Suðuroy compared to 
the islands further north. This coincides with 

Formations, separated by the sedimentary Sneis 
Formation (Passey and Jolley, 2009).

England (1988) found variations in the stress 
regime in NW Scotland, that showed changes in 
the minimal stress axis going from NE/SW in 
the early Palaeocene to a NW/SE minimal stress 
direction during the Palaeogene. Dewey (2002) 
proposed rapid NE/SW stretching in a corri-
dor from SE Greenland, through Faroes to NW 
Scotland, which was followed by extension and 
subsequent continental breakup along an E/W to 
NE/SW line north and west of the Faroese Plat-
form.

I would like to test the hypothesis that this 
change in stress regime is also represented on 
the Faroe Islands. This will be done through 
the analysis of preferred fracture orientations as 

Fig. 2. 
North Atlantic igneous Province (red) with bathymetry and topography, adapted from (Ritchie et al., 1999), 
(Frei et al., 2005) and (Saunders et al., 1997)
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the exposure of the oldest lava formation vs. 
the younger lava formations. A likely change in 
stress regime is thus most likely found in differ-
ences in fracture and dyke orientations between 
the older lava formations (Beinisvørð Formation) 
and the younger lava formations (Malinstindur 
and Enni Formations), where the only significant 
volcanic hiatus, represented by the Prestfjall and 
Hvannhagi Formations, is located. 

The results of a detailed analysis of dyke and 
fracture orientations on aerial and satellite pho-
tographs are discussed in relation to the tectonic 
and volcanic evolution of the Faroese Continental 
Shelf during the Palaeogene. A brief discussion 
of the implications for hydrocarbon exploration 
will also be included.

Analysis
The work in this study is primarily based on anal-
ysis of aerial photographs covering most of the 
islands towards the north, and satellite photo-
graphs covering the southernmost island and the 
two islands furthest to the northeast (Fig. 3). The 
quality of the photos enables detailed analysis of 
features in the landscape down to a few meters 
(Fig. 4). Difference in colour of the aerial and 
satellite photograph is mostly due to the images 
being taken at different time of year. The resolu-
tion of the satellite images and aerial photographs 
is comparable, and both have been included with 
the same weight in this project.

The aerial and satellite photographs were 
loaded into a GIS environment, where they were 
geo-referenced. The overall coverage can be seen 
in Figure 3.

There are many linear features in the land-
scape, some of which do not relate to the primary 
target for this work, which are fractures zones, 
faults and dykes. These features are thus poten-
tial pitfalls when tracing tectonic lineaments on 
the aerial photographs. These include: drainage 
patterns river beds, lava benches forming „stairs“ 
in the landscape and man made features like foot-
paths, fences etc. (Fig. 4b). The drainage patterns 
are the biggest challenge as these do exploit frac-

tures in some locations, while they cut across 
features in other places. The drainage patterns / 
fractures challenge was dealt with on a case by 
case basis, where issues such as angle relative to 
maximum dip, straight sections etc were used to 
discriminate between the recent erosive feature 
and the possibly underlying fractures.

Linear features that are interpreted to repre-
sent faults, dykes, fractures or fracture zones 
were then traced on the images. Examples of the 
visual appearance of these in the field are shown 
in Figure 4.

Aerial and satellite photographs do not per-
mit distinction between faults, fractures, dykes 
or dyke intruded fracture zones, and a consist-
ent ground-trothing of all the mapped features is 
beyond the scope of this paper. All the mapped 
features will therefore be referred to as fractures 
throughout the remainder of this paper. 

Some of the fractures do coincide with large 

Fig. 3. 
Data coverage.
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crevasses (Fig. 5d) that have been shown in the 
field to be caused by the erosion of crushed zones 
associated with pervasive fracturing. Others are 
associated with dykes (Fig. 5b), and in some 
instances dykes which have invaded fractured 
zones. Exampled of faults can be seen in Figures 
5a,c. Faults have also been documented in the lit-
erature e.g. (Rasmussen and Noe-Nygaard, 1969).

There seem to be obvious differences in the 

general trends in the northern part, where most 
faults have a preferred East/West orientation, 
while the dominant trend on the southernmost 
island (Suðuroy) is more NW/SE (Fig. 6). The 
fractures (purple lines) on Figure 6 are the inter-
preted features. Features at right angles to the 
dominant morphological trends are easiest to 
pick up, while features that have the same over-
all trend as the dominant morphological features 

Fig. 4. 
Aerial Photographs. A: Fractures and basalt benches B: Fracture, pitfalls: footpaths, drainage patterns, 
fence and road.
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are harder to pick up. The primary morphologi-
cal features in question are the fjords and sounds 
between the islands, most of which are oriented 
NW/SE. These could be speculated to be related 
to fractures or faults, but sub-sea tunnels have 
shown that little fracturing along the fjords is 
observed in the Malinstindur Formation (Mad-
sen, 2006). The overall assumption is thus that 
the interpreted fractures are representative for the 
Faroe Islands as a whole.

The fractures are plotted into rose diagrams 
(Fig. 7). The aim of this work is to investigate 
variations in the fracture-orientations tempo-
rally and aerially onshore Faroe Islands, which 
means that there was no reason to plot all in the 
same rose-diagram. This would also, consider-
ing the obvious differences in orientations on 
Suðuroy compared to the islands to the North, 
be of limited value. The islands are therefore 
grouped. The presented groupings are based on 

preliminary plots and a visual inspection of the 
interpreted fracture orientations, where the aim 
was to present groupings that demonstrates vari-
ations in dominant fracture orientations.

The fractures for the different groups/islands 
are then plotted in Rose diagrams. The chosen 
groupings represented in Figure 7 are:

•	 The six islands towards the northeast 
(Fugloy, Svínoy, Viðoy, Borðoy, Kunoy 
and Kalsoy)

•	 The two main islands with three small 
islands in the middle (Eysturoy, Streymoy, 
Koltur, Hestur and Nólsoy)

•	 The islands towards the west (Vágoy and 
Mykines)

•	 Suðuroy.

Sandoy is not included as it is only partly cov-
ered by aerial photographs, and the total number 
of fractures mapped on the area covered was not 

Fig. 5. 
Image examples of lineaments. A: Fault with crushed zone, B: Dyke, C: Fault with small offset, 
D: Crevasses in the landscape.
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Fig. 6. 
Geological Map of the Faroe Islands with interpreted fractures. Stratigraphic column of the Faroe Islands 
Basalt Group as inset.
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sufficient to give a valid distribution. Figure 7 
shows the dominating fracture orientations on 
the islands as they have been grouped here.

Aerial variations in fracture trends
The observed fracture orientations on the north-
ern islands are in a broad sense similar with a 
dominant E/W trend, as opposed to the observed 
orientation on Suðuroy where the dominating 
trend is NW/SE (Fig. 7).

The dominant fracture orientation on the six 

small islands to the northeast (Fugloy, Svínoy, 
Viðoy, Borðoy, Kunoy and Kalsoy) is ENE/
WSW, while the dominant orientation on the two 
main islands (Streymoy and Eysturoy) is E/W to 
ENE/WSW. The dominant trend on the islands to 
the west (Mykines and Vágoy) is also E/W, but 
the distribution is broader, and lacks the increase 
in frequency towards the centre of the distribu-
tion (Fig. 7). There are very few fractures on any 
of the islands to the north which are oriented in 
directions that are significantly different from 
the dominant trends. There are, however a few 

Ziska
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dykes, and two of these are cut by younger E/W 
oriented dyke filled fracture zones (Rasmussen 
and Noe-Nygaard, 1969), which offset the older 
dykes. This demonstrates a temporal relationship 
between these two primary orientations.

Suðuroy does show a very different dominant 
fracture orientation compared to the other islands, 
with a dominant NW/SE trend and a broad distri-
bution of other orientations at a lower frequency. 

It is unfortunate that no data were available 
for the islands Sandoy and Skúvoy (Fig. 3 and 
6) north of Suðuroy, as a full analysis of these 

would give a better understanding of the tran-
sition between the dominant trends observed in 
the north and south of Faroe Islands respectively. 
This should be addressed in future work.

A more detailed analysis of Suðuroy and Vágoy/
Mykines has been done in order to investigate 
whether the observed broader distribution of 
fracture orientations (Fig. 7) can be broken into dif-
ferent events. These analyses are discussed below.

Fig. 7. 
Geological map with rose diagrams for groups of islands. Note that no Rose diagram is shown for the 
islands in the centre.
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Beinisvørð Fm Faults - Suðuroy only

Malinstindur Fm Faults - Suðuroy only

Fig. 8. 
Interpreted fractures in the Beinisvørð (purple) and Malinstindur (green) Formations, and rose diagrams 
for both groups on Suðuroy. Small circles show centre of each individual mapped fracture.

Temporal variations in fracture trends
The southern part of Suðuroy (Fig. 6 and 7), i.e. 
where the oldest basalt formation is exposed, 
shows a more uniform NW/SE trend, with little 
variations, compared to a more varied directional 
preference in the northern part of the island, 
where the younger volcanic episode is represented 
by the Malinstindur Formation. The fractures on 

Suðuroy are therefore plotted in two rose-dia-
grams (Fig. 8), one where all the fractures that 
are observed only in the older basalts (Beinisvørð 
Formation) are plotted, and one where fractures 
that can be traced into the younger basalts (Mal-
instindur Formation) are plotted.

The figure shows that all fractures which are 
only observed in the Beinisvørð Formation are 
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oriented in a NW/SE direction. Fractures in the 
Malinstindur Formation have a similar dominat-
ing fracture orientation, but with a much broader 
distribution, and with an added E/W to SSW/
NNE component at a lower frequency.

A similar analysis was performed on Mykines 
and Vágoy where both the Beinisvørð and Malin-
stindur formations are exposed (Fig. 6). The result 
can be seen on Figure 9. The broad distribution 
when looking at all fractures (Fig. 7) is dissolved 
into two more narrow distributions. The Bein-
isvørð Formation is dominated by WNW/ESE 
orientations, while the Malinstindur Formation 
is dominated by a WSW/ENE orientation.

There is thus a consistent difference in dom-
inant fracture orientation in the Beinisvørð 
Formation compared to the Malinstindur Forma-
tion, which is significant as the only documented 
volcanic quiescence in the Faroe Islands Basalt 
Group is represented by the sedimentary units 
separating the Beinisvørð Formation from the 

younger basalt formations. This work shows that 
the two primary fracture orientations onshore 
Faroe Islands are offset in time, and are thus 
unlikely to be caused by the same event.

The slight rotation in the dominant fracture ori-
entation on Vágoy/Mykines compared to Suðuroy 
(WNW/ESE vs. NW/SE) is similar to variations 
observed on the Isle of Sky over comparable dis-
tances (England, 1988). England concluded that 
the variations are primarily due to local differ-
ences in the regional stress field.

There are no observations of fractures being 
confined to either the Malinstindur or Enni For-
mations, which prevents discrimination between 
these formations in subsequent analyses. This 
observation is also supported by the knowledge 
that these formations were emplaced in less then 
one million years in total (Jolley, 2009; Waagstein 
et al., 2002). They do temporally seem to overlap, 
and it is therefore less likely that there are signifi-
cant tectonic changes during this period.

Fig. 9. 
Interpreted fractures in the Beinisvørð (purple) and Malinstindur (green) Formations, and rose diagrams 
for both groups on Vágoy and Mykines. Small circles show centre of each individual mapped fracture.

Malinstindur Fm - Vágar only

Beinisvørð Fm - Mykines and Vágar

Fracture orientations onshore Faroe Islands (North Atlantic); evidence for dual rifting episodes in the Palaeogene? 
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Discussion
The observed fracture orientations onshore Faroe 
Islands do give some indications regarding the 
tectonic evolution of the Faroese Platform, which 
in turn reflects the tectonic evolution on a more 
regional scale. 

It has been suggested by a number of authors 
i.e. (England, 1988; Gudmundsson, 1995, 2002; 
Nakamura, 1977) that regional stress regimes in 
volcanic areas are the primary controlling fac-
tor regarding orientations of fractures, faults 
and regional dykes. The distinctly parallel NW/
SE fracture orientation of the observed fractures 
on Suðuroy could therefore be taken as a clear 
indication that the minimum regional stress ori-
entation was SW/NE during the emplacement 
of the Beinisvørð Formation. This is previously 
documented by Rasmussen and Noe-Nygaard 
(1969) who observed a NW/SE oriented fault 
that clearly predates the emplacement of the 
Malinstindur Formation. Where several faults 
are found, there is a tendency for the faults to be 
downthrown in the same direction (Rasmussen 
and Noe-Nygaard, 1970). NW oriented dykes are 
observed towards the west on the British Isles and 
extending north- and westwards (Fig. 2). Dewey 
and Windley (1988) refer to the zone where these 
are observed as an „Extensional magmatic zone,“ 

which are caused by rapid stretching (Dewey, 
2002).

The younger volcanics of the Malinstindur 
and Enni Formations are on the northern islands 
cut by fractures that have dominant E/W orien-
tation. This can again be taken as evidence for 
a regional stress regime with the minimal stress 
direction being N/S during the emplacement of 
these younger basaltic units. 

Work by Geoffroy (1994) on the Faroe Islands 
did show a similar change in regional stress 
directions. The timing suggested by Geoffroy 
is however different. He suggests that the SW/
NE rift event is concurrent with the emplace-
ment of the Malinstindur Formation, while a 
N/S extensional regime was present during the 
emplacement of the Enni Formation. There is 
thus a good agreement in the sequence of exten-
sional events in the work done by Geoffroy (1994) 
and this work.

The Malinstindur and Enni Formations were 
emplaced in less then one million years (Waa-
gstein et al., 2002). No change in fracture 
orientation between the Malinstindur and Enni 
Formations is observed during the work pre-
sented in this paper. This work has demonstrated 
that the fracture orientation in the Beinisvørð 
Formation is distinctly different from the Malins
tindur and Enni Formations (Fig. 8 and 9). There 
are, however a few NW/SE oriented fractures pre-
sent in the Malinstindur Formation on Vágoy and 
Suðuroy. These can most likely be attributed to 
re-activation of the older rift related faults dur-
ing later tectonic events (Fig. 10). The decreasing 
number of such fractures further northeast is 
likely linked to the distance from the early Pal-
aeocene transient rift. Dip of the basaltic units 
and an increasing thickness of younger volcanics 
towards the west (Rasmussen and Noe-Nygaard, 
1969) can also influence the frequency of reacti-
vated older features.

The older faults were most likely controlled 
by the regional stress regime during the exten-
sional phase that resulted in the emplacement of 
the Beinisvørð Formation. This work has shown 
that the NW dominant trend is mostly confined 

Pre Volcanic units

Lopra Fm.

Beinisvørð Fm.

Prestfjall/Hvannahagi Fms.

Malinstindur/Enni Fms.

Intra basaltic units

Sills.

Fig. 10. 
Conceptual cross-section showing the proposed 
link between faulting in the Beinisvørð Formation 
and geological development of the Malinstindur and 
Enni Formations.
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to the older lava formations, which is supported 
by Rasmussen and Noe-Nygaard (1969) who 
observed a fault in the Beinisvørð and Prestfjall 
Formations, which did not reach into the over-
lying Malinstindur Formation. Some of these 
faults can however have been reactivated during 
later events and thus explain the small number of 
NW/SE oriented faults in the younger basalt for-
mation. In addition flexures resulting from the 
compaction of syn-rift (pre-and syn-volcanic) 
sedimentary deposits (Fig. 10) can have resulted 
in small synclines that can have acted as sedi-
ment traps and/or been the focus point of erosion, 
and thus could be speculated to be the underlying 
reason for the dominating topographic NNW/SSE 
trend observed onshore Faroe Islands (Fig. 7).

The younger formations are consistently 
fractured by predominant east/west oriented frac-
tures, and thus parallel to the continental breakup 

line north of the Faroese Platform. The exten-
sional regime associated with these is therefore 
correlateable to the event which led to continen-
tal breakup between Eurasia and Greenland in 
the Eocene.

The fractures observed onshore Faroe Islands 
do thus indicate that there was a distinct shift in 
the dominating minimum stress direction (Fig. 
11) from the emplacement of the Beinisvørð 
Formation (minimum stress: SE/NW) to the 
emplacement of the Malinstindur/Enni Forma-
tion lavas (minimum stress: N/S).

Regional tectonic development

Pre-flood basalt volcanism
The two extensional events exemplified by the 
analysis of onshore fracture trends need to be dis-
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cussed in a more regional context, where there 
unfortunately is a shortage of literature regarding 
the early Palaeocene transient rift event. Some 
authors have, however, discussed this option.

Dewey (2002) suggested „rapid stretching 
across a NW-trending line“ running from SE 
Greenland, Rockall, Faroe Islands, northern part 
of Ireland and NW Scotland. Waagstein (1988) 
proposed, based on geochemical data, a transient 
rift as the primary cause of the Beinisvørð For-
mation lavas. This rift had a NE/SW orientation, 
and was followed by a parallel rift in east Green-
land. Lundin and Doré (2005) also proposed, 
based on regional occurrences of volcanism and 
tectonic trends, that there was a transient rift in 
the Early Palaeocene. This rift had a NNW/SSE 
preferred orientation across the Faroese area and 
was located just west of the island, and coincides 
with the area Dewey (2002) previously had sug-
gested was subjected to rapid stretching during 

the Palaeocene. Evidence for the stresses asso-
ciated with this event are observed onshore 
northwest Britain (England, 1988). Ziska and 
Varming (2008) presented evidence for such an 
event based on reflection seismic data. Funck et 
al (2008) have performed wide aperture model-
ling across the North Faroe Bank Channel Basin. 
Their results show crustal thinning across the 
North Faroe Bank Channel Basin, which they, 
due to the lack of evidence for a major extension 
in SW-NE direction within the literature, pro-
posed to be a result of transform fault movements.

Massive input of sediments from the west 
into the Judd Basin (Varming, 2009), some of 
which contain eroded basaltic material (Lin-
nard and Nelson, 2005) suggests that the rifting 
started in the Early Palaeocene (Fig. 11). This is 
supported by the presence of early Palaeocene 
igneous activity in Scotland, e.g. Mull, Skye, 
Rhum-Muck, Jura-Islay and Arran (Bell and 

Shield Volcano

Flood basalt plateau

Rift - with direction

Legend

Faroe Islands

Shetland

Islands

Hebrides

Fig. 12. 
Rift events, with suggested thinning of volcanics being shown as lighter coloured areas. 
Circles show suggested or known locations of igneous centres.
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Williamson, 2002) where, in addition to central 
igneous complexes there are a number of NW/SE 
to NNW/SSE oriented regional dykes (Fig. 2 and 
(Dewey, 2002)) . The igneous activity has in some 
areas resulted in a 35% extension of the crust 
(Bell and Williamson, 2002) indicating a mini-
mum stress direction that is SW/NE, i.e. parallel 
to the proposed transient rift in the Faroe Bank 
Channel Basin. Parallel dykes can be traced on 
magnetic data from Scotland and Northern Ire-
land towards the NW, where some of them line 
up with the Faroe Bank Channel Basin (Linnard 
and Nelson, 2005). This is on trend with Nagsug-
toqidian/Ammasalik to Lewisian primary trends 
(Buchan et al., 2000; Whitehouse and Bridgewa-
ter, 2001) and indicates that the rift has exploited 
pre-existing weaknesses caused by the mentioned 
orogenic phases.

The presence of pre-flood basalt volcanics on 
the Faroese Continental Shelf has not been proven 
through sampling, but the presence of volcani-
clastic units such as the Kettla Member (Fig. 11) 
that increases in thickness towards the Munka-
grunnur Ridge (Knox et al., 1997) suggests that 
there are pre-flood basalt volcanic units present 
under the Beinisvørð Formation. One such can-
didate is the Frænir Igneous Centre (Fig. 11) at 
the south western edge of Munkagrunnur Ridge 
(Fig. 1). This feature has a distinct potential field 
anomaly (Fig. 1), but is not visible on seismic data 
within or above the basalt. The deeper section can 
not be mapped on available seismic data.

Seafloor spreading into the Labrador Sea, north 
of the Charlie Gibbs Fractures, zone was initiated 
in the Cretaceous and continued into the Palaeo-
cene e.g. (Tate et al., 1999), and the latter stages 
are thus concurrent with the proposed transient 
rift transecting the Faroese Continental Shelf. It 
is thus likely that the transient rift is linked to 
the seafloor spreading in the Labrador Sea – Baf-
fin Bay, potentially as an attempt to open a new 
rift path, after further rifting in the Baffin Bay 
stopped, as proposed by Lundin and Doré (2005). 
This ultimately failed attempt to open a new NW/
SE oriented rift from Baffin Bay across Green-
land, Faroes and northern Scotland seized, when 

a new rift was opened at the Charlie Gibbs Frac-
ture Zone, reaching north-eastwards in the latest 
Palaeocene and into the Eocene. This resulted 
in continental breakup between Greenland and 
Eurasia in the Eocene e.g. (Larsen et al., 1999b), 
which is contemporaneous with the extrusion of 
the Malinstindur and Enni Formation lavas.

Lopra and Beinisvørð Formations
The initial rift event, that resulted in the extru-
sion/intrusion of the early Palaeocene igneous 
units was followed by fissure erupted flood basalt 
volcanism. Rasmussen and Noe-Nygaard (1969) 
proposing that the fissures were oriented NW/SE, 
which is parallel to the observed dominant frac-
ture trend in the Beinisvørð Formation (above).

The absolute timing of the initiation of the flood 
basalt volcanism is disputed with dates based on 
radiometric dating being 58,8 Ma (Waagstein et 
al., 2002) and on palynological correlation being 
54,9-57 Ma (Jolley, 2009). This is compared to 
the 61-58 Ma years assigned for most of the Pal-
aeogene Igneous rocks in Scotland (Ganerød et 
al., 2008). The flood basalts do thus postdate the 
earliest volcanics, including the observed eroded 
material found in the Judd Basin (Linnard and 
Nelson, 2005) by up to several million years. 
Such a delay has been observed in other volcanic 
provinces (Jerram and Widdowson, 2004).

What is more striking is the area covered by 
these flood basalts i.e. Beinisvørð Formation on 
the Faroese Continental Shelf and the Nansen 
Fjord Formation in East Greenland (Larsen et al., 
1999a). Larsen et al propose that the Beinisvørð 
Formation is primarily constrained to an elon-
gated NW/SE transect from East Greenland to the 
Faroe Islands. This would be along the transient 
rift zone discussed in this paper, but the lack of 
firm data points, which is acknowledge by Larsen 
et al (1999a) highlights the need for more research 
into the issue.

The mapped fractures within the Beinisvørð 
Formation are distinctly parallel to the proposed 
main rift axis in the Faroe Bank Channel Basin. 
The regional stress causing faulting of the Beini
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svørð Formation seems to be terminated prior to 
the initiation of renewed volcanism as demon-
strated by Rasmussen and Noe-Nygaard (1969) 
who observed fault movement on NW/SE ori-
ented faults terminating prior to emplacement of 
the younger volcanics.	

Malinstindur and Enni Formations.
The volcanically quiet period was followed by 
renewed volcanism. The first expression of this 
phase is the Malinstindur Formation, which was 
most likely emplaced as shield volcanoes (Passey 
and Jolley, 2009). Such volcanoes are normally 
located near the main rift axis, which at this time 
was the north Atlantic rift that had propagated 
to the area north of the Faroese Platform at this 
time. It is thus to be expected that the thickness 
of the Malinstindur Formation lavas is more 
localised and thins away from the rift, as also 
speculated by Kiørboe (1999). This is in line with 
observations that show 1400 m present on central 
Streymoy (Rasmussen and Noe-Nygaard, 1969), 
while little to no lavas are expected to have been 
present on southern Suðuroy (Jørgensen, 2006). 
The second part of this volcanic phase is repre-
sented by the Enni Formation, which is partly 
point source and partly fissure erupted (Passey 
and Jolley, 2009). The fractures found in this 
section do support a regional minimum stress 
direction that is N/S, and thus creating an E/W 
oriented rift axis. This rift evolved into continen-
tal breakup between Eurasia and Greenland in the 
Eocene. Fault movements do show some degree 
of strike slip movement of up to 100 m (Rasmus-
sen and Noe-Nygaard, 1969), which can be seen 
as a consequence of the initial E/W movement 
of Greenland relative to Eurasia in the Eocene 
(Gaina et al., 2009).

Temporal evolution and its implications for 
the thickness of lava pile 
The overall evolution of the area is summarised 
in Figure 12, which shows the initial rift west 
of the Faroese Platform, which was most likely 

associated with erosion of the rift-shoulders. 
Indications of this is seen in the massive input of 
sediments in the Judd basin (Varming, 2009). The 
flood basalt volcanism associated with this rift is 
extruded through rift-parallel dykes (Rasmussen 
and Noe-Nygaard, 1969), as is seen in other vol-
canic rifts (Gudmundsson, 2002). The volcanism 
is expected to be most pronounced near the rift, 
and thus thinning in either direction away from 
the rift (Fig. 12), as indicated by the distribution 
of the older flood basalt formation (Beinisvørð 
Formation) in Larsen et al (1999a). A full evalu-
ation of this is, however beyond the scope in this 
paper. 

The early volcanism is followed by a vol-
canically quiet period, in which onshore Faroe 
Islands is subjected to erosion (Rasmussen and 
Noe-Nygaard, 1969), where the erosive products 
are re-deposited down dip. There is thus a likeli-
hood that the aerially constrained location of the 
early volcanism (i.e. along the rift axis) means 
that sediment transport from Greenland could 
have continued through this period in the areas 
further away from the rift, i.e. eastern part of the 
Fugloy Ridge (Fig. 1).

The different areas of the Faroese Continen-
tal Shelf were thus covered by volcanic rocks at 
different times and from different sources. This 
means that we are looking at a more complex evo-
lution of the North Atlantic Igneous Province on 
the Faroese Continental Shelf than previously 
expected.

Implications for prospectivity
The most prolific reservoir rocks in the Faroe 
Shetland Basin have to date been Palaeocene 
sands, mainly in the Vaila Formation e.g. (Lam-
ers and Carmichael, 1999). These are deposited 
after the transient rift was initiated and before the 
final continental breakup and final cessation of 
volcanism. This shows the importance of a full 
understanding of the areal and temporal evolu-
tion of the two rifts and volcanism during the 
Palaeocene. The potential effects that are directly 
relevant are increased heat flow, rapid burial due 
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to loading of basalt and potential contamination of 
siliciclastic sediments by eroded basaltic material.

The first phase of volcanism was most likely 
constrained to discrete shield volcano type erup-
tions in the vicinity of the rift. These are not 
expected to have a significant effect on large 
areas, but erosive products are likely to con-
taminate potential reservoir units, and in some 
cases become reservoirs (Ólavsdóttir and Ziska, 
2009). The influence of these erosive products 
is expected to be most pronounced near the rift, 
as indicated by the thickening of the debris flow 
deposited Kettla Member (Fig. 11) towards the 
Munkagrunnur Ridge (Knox et al., 1997). 

The offset in time between the two rifts means 
that areas were affected differently by the two 
volcanic phases. This is quite different from pre-
vious assumptions where the discussion has been 
limited to which volcanic phase reached furthest 
out into the Faroe Shetland Basin e.g. (Ritchie 
et al., 1999; Smythe, 1983). The direct impli-
cation for hydrocarbon exploration is that the 
eastern part of the Faroe Shetland Basin is likely 
less affected by the first volcanic phase due to 
the focus for volcanism being in the Faroe Bank 
Channel Basin. The probably late cut-off of sedi-
ment input from Greenland is likely to have had a 
positive effect on the overall prospectivity in this 
area. This does however, not take into considera-
tion the volcanism associated with the Brendan 
and Erlend igneous centres, which are expected 
to be contemporaneous with the Beinisvørð For-
mation lavas (Jolley and Bell, 2002).

The Faroe Bank Channel Basin area on the 
other hand is located on the early Palaeocene rift, 
and is thus likely to have experienced an increased 
heat flow during the extensional phase. How this 
has affected the hydrocarbon system is hard to 
evaluate due to lack of data regarding presence 
and paleo- and current depth of the source rock. 
The close proximity of the area to the second rift, 
i.e. breakupline, means that the second rift phase 
has also affected this area, and there is conse-
quently a risk that both volcanic phase associated 
with the transient rift and the one associated with 
continental breakup are present quite far south 

and the area thus is affected by both phases to 
some degree. Whether the evidence presented by 
Jørgensen (2006) regarding the non-emplacement 
of lavas on the southern part of Suðuroy indicates 
a maximum southward extent or is a result of the 
Munkagrunnur Ridge being a positive feature at 
the time (Ziska and Varming, 2008) is not some-
thing present data give the basis to conclude on.

Conclusions
Distinctly observed fracture orientations in the 
older basalt formations compared to the younger 
formations shows that the area was subjected to 
different stress regimes during the two volcanic 
episodes.

The rifts that resulted in the emplacement of 
the Beinisvørð and Malinstindur/Enni Forma-
tions were offset in both space and time.

The north-eastern part of the Faroese Conti-
nental Shelf area seems to be less affected by the 
early volcanism due to its distance from the ear-
lier rift event, allowing for continued sediment 
input from a potential Greenland source.
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