


4 REGIONAL TRIASSIC SEISMIC INTERPRETATION

In Mid to Late Triassic times the locus of subsidence had moved westwards.
There seems to be two subsiding basins in the study area in Figure 42. Both
are southwest-northeast trending, and they are separated by a thinner section lo-
cated at the Polheim Subplatform. However, this thinner section may be a result
from Cretaceous or Cenozoic erosion. If that is the case, the two thick sections may
be one basin and depocentre instead of two. Considering the profiles in Section 4.1
I find this most likely.

Otherwise there is a high going along the western edge of the Loppa High and
possibly continuing to the Veslemøy High and the Senja Ridge. This can be a
residual from the structural high present in Early to Mid Triassic times. If this
is the case then the basin southeast of the high has its depocentre at the Loppa
High. Possibly, the Tromsø Basin is a depocentre since the Ringvassøy-Loppa
Fault Complex has thicker deposits than the Hammerfest Basin. North of the
high we got a depocentre in the Bjørnøya Basin.

In the southwestern part of the Nordkapp Basin there is a local depocentre. At the
Finnmark Platform southeast in the study area there is another local depocentre
as well.

I haven’t located any seismic clinoforms within the Snadd Formation, therefor
the location of the provenance area is more uncertain. Either the sediments are
transported from east across a fairly stable platform into the NE-SW trending
basin located at the Hammerfest, Tromsø and Bjørnøya Basins and the Loppa
High area with subsidence as the controlling factor. Otherwise, the source area is
in the west, southwest or northwest, filling in the area with less sediments reaching
the eastern part of the southwestern Barents Sea, or there is a combination of the
two.
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4 REGIONAL TRIASSIC SEISMIC INTERPRETATION

Figure 43: Time-thickness map of the Triassic Fruholmen Formation in the study
area. The contours are given in seconds. The structural element map is from
Gabrielsen and Kløvjan (1997).

Figure 43 shows how the thickness of Fruholmen Formation is varying in the study
area. This is a very thin subsequence compared to the former two. At the Loppa
High the whole subsequence has been removed by Cretaceous or Cenozoic erosion.
Yet we can pull some information from the map.

There are two thicker sections on the northern and southern side of the Nordkapp
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4 REGIONAL TRIASSIC SEISMIC INTERPRETATION

Basin indicating uplift in the southwestern part of the Nordkapp Basin and close
to the Thor Iversen Fault Complex in the middle part, or just relative subsidence
at the edges of the basin. This is probably related to salt movements. Rising
salt in the basin with salt withdrawal at the basin edges may have created more
accommodation space seen as the thicker parts south of the Thor Iversen Fault
Complex and at the Nysleppen Fault Complex. Another thicker section going from
the Loppa High southwest towards the Tromsø and Harstad Basins indicates some
subsidence in the Hammerfest Basin and more subsidence in the Tromsø Basin.
On the northwestern side of the Loppa High a thicker section indicates subsidence
of the Fingerdjupet Subbasin and the Bjørnøya Basin as well.
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5 Discussion

In this study I have divided the Triassic depositional unit into three subsequences.
Glørstad-Clark et al. (2010), on the other hand, divided the Triassic unit into
five subsequences based on maximum flooding surfaces. These subsequences are
defined as Induan, Olenekian, Anisian–Early Ladinian, Ladinian–Early Carnian
and Upper Triassic. The first three of these subsequences constitute Sassendalen
Group which is the first of my subsequences. Snadd Formation, which is my
second subsequence, is of Ladinian–Early Norian age. This is equivalent to the
fourth subsequence of Glørstad-Clark et al. (2010) as well as some of the fifth.
Fruholmen Formation is of Norian–Rhaetian age. This is equivalent to the last
part of the fifth subsequence of Glørstad-Clark et al. (2010).

5.1 Infill directions

My Sassendalen Group subsequence clearly indicates a sediment source east or
southeast of the study area in Early to Mid Triassic times. The fact that we see
the clinoforms (Figures 9b, 13, 16, 23, 26 and 39) tells us that the progradation
happened faster than the subsidence of the area, leading to lateral build-out in the
direction of the arrows in Figure 41.

By interpreting their five subsequences Glørstad-Clark et al. (2010) conclude that
the Early Triassic accommodation space south in the Barents Sea was filled prior
to the northern Barents Sea, and that the eastern Barents Sea was filled prior
to the western. This conclusion fits well with my interpretation of a source area
east or southeast of the southwestern Barents Sea. Glørstad-Clark et al. (2010)
points to the Uralian orogenic belt as the main source area, but Novaya Zemlya
and more local source areas cannot be excluded (Buiter and Torsvik, 2007; Otto
and Bailey, 1995; Torsvik and Andersen, 2002; Smelror et al., 2009; Glørstad-Clark
et al., 2010). Glørstad-Clark et al. (2010) also point to the uplifted paleo-Loppa
High as a local source area.

By Mid to Late Triassic times there was a significant change in the southwestern
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Barents Sea. The paleo-high that divided the area into two regions had ceased
to be a structural high. Instead it became the centre for a large-scale, regional
subsiding basin. The thickness of the Snadd Formation (Figure 42) is greatest at
the western edge of the paleo-Loppa High, and without Triassic interpretation in
the deeper Bjørnøya and Tromsø Basins I cannot say how the development was
west of the Loppa High. But based on the general eastward thickening in the
profiles in Section 4.1 there might have been a change to a major western source
area as well as sediment supply from east and southeast.

The contour lines in Figure 42 are mainly SW-NE trending, which suggests infill
from west-northwest, and the map suggests two basins, both being SW-NE ori-
ented. From the interpretation of the profiles in Section 4.1 I suggest that there
is one depocentre at the Loppa High, and that the reason for the indication of
two separated depocentres in the time-thickness map is erosion down in the Snadd
Formation at the Loppa High. The fact that Snadd Formation is very thick in
both the Tromsø Basin and the area around the Loppa High and Bjørnøya Basin,
supports the possibility of a western or southwestern source area.

The Early to Mid Triassic sequences of Glørstad-Clark et al. (2010) show the
Triassic sediment deposition as prograding deltas filling in pre-existing Permian
topography from the east and southeast. As time goes, the depocentres move
further west. In Mid to Late Triassic time Glørstad-Clark et al. (2010) interpret
sediment deposition from west or northwest over the paleo-Loppa High. In the
Nordkapp Basin and on the Finnmark Platform coastal and channel sands of
Carnian age indicates a Baltic provenance area in east or southeast (Worsley,
2008). The Sassendalen subsequence in this study showed an Early to Mid Triassic
eastward thickening, while the Mid to Late Triassic Snadd subsequence showed
a general westward thickening except for the Nordkapp Basin and the Finnmark
Platform. This correlates well to the interpretation of Glørstad-Clark et al. (2010).

According to Glørstad-Clark et al. (2010) Late Paleozoic rifting and uplift played
an important role in Triassic infill until Early Ladinian time when the area east
of the paleo-Loppa High was filled. In their Late Triassic subsequence Glørstad-
Clark et al. (2010) interpreted a western sediment source prograding eastwards
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over the subsided paleo-Loppa High. They related this western source to either
Greenland, the Stappen High or a rifted fault block and suggest Greenland was
the most important provenance area for a western sediment source in Late Triassic
time. In the seismic data Glørstad-Clark et al. (2010) studied the northwestern
Barents Sea as well as the southwestern. In their Upper Triassic time-thickness
map western infill is more prominent above 74 ◦N which is outside my study area.
At Svalbard the presence of Mid Triassic sediments originating from Greenland
support the possibility of eastward deposition further south.

All-together, the southwestern Barents Sea seems to have been filled through the
Triassic period. At first the Baltic provenance area was the most influential, filling
the area faster than the basin subsidence could account for. This resulted in a
sequence prograding westward across a relatively flat platform onto the dividing
high. In Mid Triassic time the high was inverted and a western provenance area
became more influential. The seaway was now being filled from both east and
west, but at a rate closer to the rate of subsidence.

5.2 Development of accommodation space

Figure 44 is a summary of the most important elements from the profiles in Sec-
tion 4.1 and the time-thickness map in Figure 41, showing the most important
areas of elevation and subssidence in Early to Mid Triassic times. Figure 45 is a
summary of the most important elements from the profiles and the time-thickness
maps in Figures 42 and 43, and it shows the most important areas of Mid to Late
Triassic elevation and subsidence.

From Figure 44 we see that the rising paleo-Loppa High was part of a SSW-NNE
trending ridge with the Polheim Subplatform area exposed as an island. This
resulted in accommodation space on both sides of the paleo-high, but with an
eastern sediment source, most of the sediments were deposited on the eastern side
of the ridge in Early to Mid Triassic times.

Figure 45 shows that by Mid Triassic time the paleo-high was inverted to a de-
pocentre for a large subsiding area. This area covers most of the Bjarmeland
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Figure 44: Overview of the Early to Mid Triassic accommodation space. Blue,
subduction; red, uplift; green, island. The blue areas mark main depocentres and
red circles are rising salt.

Platform, Loppa High, Bjørnøya, Hammerfest and Tromsø Basins. However, the
interpretation in both the Bjørnøya and Tromsø Basins are very scarce.

The time-thickness map in Figure 42 indicates two depocentres separated by a
high, but the time-thickness map doesn’t consider that the subsequence would
have been thicker in that area if not for erosion. Hence, when making Figure 45 I
relied on the interpretation of the profiles, stating that there is one main depocentre
located in the paleo-Loppa High area.

On the northern and western side of the Early to Mid Triassic ridge it appears
to be subsidence in both the Tromsø Basin and an early Bjørnøya Basin relative
to the ridge. Faults located where the Bjørnøyrenna Fault Complex is today, and
faults possibly belonging to the Ringvassøy-Loppa Fault Complex seem to have
been active during this subsidence. In Mid to Late Triassic time subsidence in
the western Fingerdjupet Subbasin area may be related to the large depocentre in
Figure 45.
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The Early to Mid Triassic ridge at the western edge of the Bjarmeland Platform
seems to have had the most influence on the platform’s accommodation space
during that time. The general trend is subsidence east of the ridge, and there is a
large depocentre between the Maud and Nordkapp Basins. The platform appears
quite stable, but both the Hoop Fault Complex and local salt bodies have altered
accommodation space. The Svalis and Samson Domes show rising salt throughout
the Triassic period. South of the Samson Dome there is more accommodation
space, but whether this is due to the salt or just part of the subsidence in the
Hammerfest Basin is hard to tell. The Svalis Dome on the other hand, has probably
contributed to the accommodation space in the Maud Basin. The Northern Maud
Basin has subsided more than the Southern Maud Basin, and the reason is most
likely a combination of being closer to the Svalis Dome and fault movement in the
Hoop Fault Complex.

Uplift of the paleo-Loppa High has been related to footwall uplift due to Late
Permian North Atlantic extension (Gabrielsen et al., 1990; Gudlaugsson et al.,
1998; Ziegler, 1988, 1989), and it is though to have played an important role in
accommodation space development in Early to Mid Triassic times. According to
Glørstad-Clark et al. (2010) the uplifted paleo-high was a barrier in Early to Mid
Triassic times, shielding the area northwest of it from the sediment progradation
from east and southeast. Glørstad-Clark et al. (2010) observed renewed episodes
of footwall uplift at the paleo-Loppa High in Induan–Anisian times. These minor
episodes gave local source areas and sediment deposition close the the paleo-high.
According to Gabrielsen et al. (1990) the uplift may also have started the salt
movement of the Nordvarg, Svalis and Samson Domes.

Compressional influence from the Uralian Orogeny at about 500-1000 kilometers
to the east-southeast is also thought to have affected accommodation space in
the Barents Sea area, but since Greenland was only 100 kilometers away from
Spitsbergen, the extensional rifting between Norway and Greenland is thought to
have had the greatest influence (Glørstad-Clark et al., 2010). According to Dengo
and Røssland (1992); Doré (1991); Faleide et al. (1984, 1993a,b); Gudlaugsson
et al. (1998) extension dominated from Late Devonian–Early Carboniferous times.
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Figure 45: Overview of the Mid to Late Triassic accommodation space. Blue,
subduction; red, uplift. The blue areas mark main depocentres and red circles are
rising salt.

In Mid Triassic time the paleo-Loppa High developed into a basin due to renewed
extension in the rift system between Greenland and Norway (Berglund et al., 1986;
Faleide et al., 1984; Gabrielsen et al., 1990; Golonka et al., 2003; Jacobsen and van
Veen, 1984; Wood et al., 1989; Ziegler, 1988). The change from uplift to subsidence
of the high suggests a prominent change in stress regime (Glørstad-Clark et al.,
2010).

South of the paleo-Loppa High the Asterias and Troms-Finnmark Fault Complexes
were active, giving subsidence in the Hammerfest Basin. The Hammerfest Basin
show a general trend of more subsidence westwards, as well as having a subsiding
graben in the middle. This may indicate a western extensional influence in Early
to Mid Triassic times.

In Mid to Late Triassic time the Hammerfest Basin shows minor, local graben sub-
sidence, and it seems to be a local depocentre at the western side of the Ringvassøy-
Loppa Fault Complex. However, scarce Triassic interpretation in the Tromsø Basin
as well as erosion in Snadd leaves the possibility of the depocentre being located
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farther to the west. If this is the case, the Loppa depocentre in Figure 45 should
be extended south in the Tromsø Basin.

In-between the Hammerfest and Nordkapp Basins the Bjarmeland Platform ex-
tends south towards the Finnmark Platform. Where the two platforms meet the
Troms-Finnmark Fault Complex has given Early to Mid Triassic subsidence to the
Bjarmeland Platform, seen as a north-trending graben in Figure 12. The Finn-
mark Platform appears to have stayed quite stable throughout the Triassic period,
but with local subsidence in the east. In Figures 44 and 45 this is indicated by
local depocentres south of the Nordkapp Basin. This location seems to coincide
with the location of the Tiddlybanken Basin in Figures 4 and 5. Gabrielsen et al.
(1990) doesn’t say much about the Tiddlybanken Basin, but Figure 4b indicates
a Late Paleozoic origin.

There is a link between the area with the salt in the southwestern end of the Nord-
kapp Basin and the Hammerfest Basin, showing gradually more subsidence to the
west-southwest. This fits with the structural map of Gernigon and Brönner (2012)
(Figure 4) where the Hammerfest and Nordkapp Basins are prolongations of the
North Atlantic rifting. This prolongation is related to reactivation of faults in the
basement, originating from the Devonian collision between Baltica and Lauren-
tia. This connection to the distant rifting should result in increasing extensional
influence to the southwest in periods of extensional tectonics in the west.

According to Faleide et al. (1984) there was a regional basin in this area during
the Triassic, with the Nordkapp Basin differing from the rest of the area by its
salt tectonic. Differential subsidence partly governed the sedimentation in the
area (Faleide et al., 1984), which can be related to both salt tectonics and fault
movement in zones of weakness.

Figures 44 and 45 show rising salt bodies encountered in this study. Of course,
there might be several more as this is a 2D seismic study with a large grid spacing.
In the Nordkapp Basin there are several salt bodies, and in Sassendalen Group
rising salt has resulted in a general uplift with local subsidence in-between the salt
bodies in Early to Mid Triassic times. The general uplift is interpreted based on
the Sassendalen Group being thicker outside the Nordkapp Basin, which indicates
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that as the salt withdrew and rose in the Nordkapp Basin, accommodation space
was created outside the basin. The rising salt in the Nordkapp Basin may be the
reason for Figure 44 showing two depocentres instead of one.

In Mid to Late Triassic times the salt bodies seem to rise at a slower rate, and
listric normal faults at the Nysleppen Fault Complex show more accommodation
space within the Nordkapp Basin than outside the basin. In Figure 45 there is a
depocentre in the Nordkapp Basin. This depocentre is a caused by accommodation
space created between salt bodies. Salt tectonics seem to have been most influential
in creating accommodation space within the basin in Mid to Late Triassic times.

According to Koyi et al. (1993) the salt in the southwestern Nordkapp Basin started
forming pillows in the Early Triassic time. Jensen and Sørensen (1988); Gabrielsen
et al. (1990) on the other hand, believe the salt movement started in Early to Mid
Triassic times without a pillow stage. They concluded that the basin developed
as a secondary rim syncline with a group of diapirs closely spaced in the middle
(Gernigon and Brönner, 2012; Gabrielsen et al., 1990). Gernigon and Brönner
(2012) claim that some diapirs evolved with a pillow stage and some without. The
ones without a pillow stage are believed to have evolved due to differential loading
up faults in old zones of weakness (Gernigon and Brönner, 2012). The actuating
factor is thought to be lateral extension weakening the overburden. These diapirs
tend to result in pronounced accommodation space on the hanging wall. This
seems to be the case for the Snadd Formation in Figure 22.
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6 Conclusions

2D interpretation of the regional Triassic depositional unit in the southwestern
Barents Sea has resulted in a description of Triassic infill history. The unit is
interpreted as three subsequences; the Sassendalen Group from Early to Mid Tri-
assic time, the Snadd Formation from Mid to Late Triassic time and the Fruholmen
Formation From Late Triassic time.

In Late Paleozoic time the southwestern Barents Sea was part of an epicontinental
seaway connecting the Boreal Sea in the north to the European basins in the south.
In Late Carboniferous to Permian time large ammounts of evaporites and a large
carbonate platform were deposited.

The Sassendalen Group marks a change in climate and depositional regime at the
Permian–Triassic border. The base of Sassendalen is a strong reflector marking
the transition from the layer of carbonates with a high acoustic impedance to a
softer, clastic layer.

In the Early to Mid Triassic the paleo-Loppa High was part of a SSW-NNE trend-
ing ridge that split the southwestern Barents Sea in an eastern and a western area.
The uplift of the paleo-high happened sequentially during Permian–Early Triassic
times, and it is related Late Permian extensional tectonics between Norway and
Greenland. Sassendalen Group shows how the time was dominated by sediment
supply from east and southeast. Seismic clinoforms are clear evidence of a prograd-
ing infill from east and southeast towards west and southwest in the Hammerfest
Basin area, and towards west and northwest onto the paleo-ridge. The ridge pre-
vented much of the sediments from reaching the western area. At the Polheim
Subplatform area at the Loppa High the uplift had created an island that acted as
a local sediment source according to more local studies (e.g. Glørstad-Clark et al.
(2010)).

In the area east of the ridge the sediment supply was greater than the regional
subsidence as indicated by the clinoforms, and by the Mid Triassic most of this
area was filled in. The infill was greatest in what appears to be a SE-NW oriented
basin cut by the Nordkapp Basin, and an extension of the basin going from the
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Nordkapp Basin southwestwards to the Hammerfest Basin. Here, the Asterias
and Troms-Finnmark Fault Complexes were controlling much of the subsidence.
These fault zones are old, possibly originating from weak zones in the Caledonian
basement. The reactivation of the faults is also related to extensional influence
from the rifting at the Mid-Atlantic Ridge separating Norway and Greenland.

Though there was a regional subsidence controlling most of the accommodation
space, other factors played a role as well. The thick evaporite depositions from
Carboniferous time started moving in the Early Triassic. In the Nordkapp Basin
salt diapirs started rising and altering accommodation space. This salt movement
is believed to have been induced by lateral extension (Gernigon and Brönner, 2012).
In Early to Mid Triassic times the salt tectonics resulted in most accommodation
space outside the Nordkapp Basin. This was probably the reason for turning the
eastern area into two main depocentres separated by the Nordkapp Basin.

This study also observed salt influencing accommodation space in the Maud Basin,
at the Samson Dome and the Svalis Dome. In the Maud Basin both salt movements
related to the Svalis Dome and fault movements in the Hoop Fault Complex altered
the accommodation space, giving most subsidence to the northern part of the Maud
Basin. This salt movement may have been induced by the uplift of the paleo-high
(Gabrielsen et al., 1990).

In Mid Triassic time the paleo-high was inverted, turning the area into a depocen-
tre for a regional subsidence basin covering most of the Bjarmeland Platform,
Bjørnøya, Tromsø and Hammerfest Basins and the Loppa High. This inversion
was caused by renewed extension in the North Atlantic rift system. Sediment sup-
ply from east-southeast was still important, but not as dominating as in the Early
Triassic time. A western provenance area depositing sediments over the Loppa
area was probably contributing to the infilling, resulting in basinal infill from both
east and west.

Locally, the salt tectonics still influenced accommodation space, but the regional
subsidence was the most important factor. Fault Movements at the Asterias and
Troms-Finnmark Fault Complexes still gave some local subsidence in the Hammer-
fest Basin, and in the Tromsø Basin there might be a prolongation of the Loppa
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depocentre. The Nordkapp Basin differs from the rest of the area by being con-
trolled by salt tectonics. The salt bodies created more accommodation space in
Mid to Late Triassic time, and this turned the basin into a local depocentre.
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