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Abstract
In this study, 2D and 3D seismic data have been combined with well data in order to establish
a deeper understanding of the extensive late Permian extensional event and the succeeding
Triassic sedimentary infill in the Fingerdjupet Subbasin, SW Barents Sea.
In this work, a detailed structural and stratigraphic analysis of the mid/upper Carboniferous to
Late Jurassic succession has been carried out in the Fingerdjupet Subbasin. Adjacent areas of
the eastern Bjørnøya Basin and Bjarmeland Platform have also been partly analyzed to
support the interpretation within the Fingerdjupet Subbasin.
Based on this study, the Fingerdjupet Subbasin most likely developed as N-S to NNE trending
and westerly tilted half-graben during the late Permian rift event. In Early to Middle Triassic
times the Fingerdjupet Subbasin acted as a starved basin, resulting in a thin and partly
condensed late rift or early post-rift section. This was followed by a large increase in
sedimentary infill in the Ladinian and Carnian, and large sediment volumes gradually filled
the accommodation. This resulted in gradual shallowing and in late Carnian, the Fingerdjupet
Subbasin transitioned from a marine to a coastal plain environment. This is further manifested
by several large fluvial channels within the upper part of the upper Carnian succession.
In a regional context, the late Permian structural development within the Fingerdjupet
Subbasin was most likely closely linked to tectonic movements in the North Atlantic rift
system to the west, and the Triassic prograding sedimentary infill was affected by tectonic
activities and mountain building in the east and southeast of the Barents Sea.
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1 Introduction
The Barents Sea shelf extends from the northern coast of Norway and Russia to the Arctic
Ocean and from the Norwegian-Greenland Sea to Novaya Zemlya (Figure 1.1). This area is
further subdivided into the western- and eastern Barents Sea provinces. The eastern province
is dominated by massive basins, while the western is dominated by a mosaic of basins,
platforms and highs (Faleide et al., 1984, Faleide et al., 1993a, Worsley, 2008, Faleide et al.,
2010).

Figure 1.1: Main structural features in of the Barents Sea and the surrounding areas (retreaved from
Worsley (2008))

The Barents Sea area has been investigated for more than three decades because of the large
petroleum potential, resulting in a better understanding of the deep and complex sedimentary
basins, and the variety of geological processes that have affected the area (Faleide et al.,
1

2010). However, there are still lots of uncertainties regarding the geological evolution, and a
better knowledge about this might lead to a higher petroleum discovery rate (Worsley, 2008,
Faleide et al., 2010).
This study will focus on the Permian to Late Triassic structural and stratigraphic evolution of
the Fingerdjupet Subbasin, located in the south-western Barents Sea (Figure 2.1) (Faleide et
al., 2010). The main objectives are to investigate the influence of the Late Permian extension
in the Fingerdjupet Subbasin and the proceeding Triassic sedimentary infill.
3D seismic data were used to interpret the upper Paleozoic to lower Mesozoic succession in
the Fingerdjupet Subbasin, and some regional 3D seismic composite lines and 2D seismic
lines were applied to connect the structural and stratigraphic elements to the Bjarmeland
Platform and the deep Bjørnøya Basin respectively. Also, two exploration wells, 7321/7-1 and
7321/8-1, were applied for lithostratigraphic and age control. Further, the seismic
interpretation included horizon, fault mapping and seismic attribute analysis (time-structure
and time- thickness maps).
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2 Geological framework
2.1 Regional setting
The Barents Sea area is one of the largest continental shelves in the world and it covers an
area of about 1.3 million km2 (Doré, 1995). The shelf is located on the northwestern corner of
the Eurasian plate and it stretches from the Norwegian- Greenland Sea to Novaya Zemlya and
from the Arctic Ocean to the northern coast of Norway and Russia (Faleide et al., 1984,
Worsley, 2008, Faleide et al., 2010).
Further, the area covers two major geological provinces, namely the western- and the eastern
Barents Sea province. They are separated by a north-south trending monoclinal structure,
which roughly corresponds to the border between the Norwegian and Russian sector. The two
provinces have distinctively different structural characteristics. The eastern province is
dominated by large and extremely deep basins, the south and north Barents basins
respectively (Figure 1.1). The western province is characterized by a more complex tectonic
development and consist of a mosaic of basins, platforms and structural highs (Figure
1.1)(Doré, 1995, Worsley, 2008).

2.2 Tectonic history
The tectonic history and basement evolution in the western- and eastern provinces had a
major influence on the structural framework within the Barents Sea, and its architecture
developed through two compressional and several extensional tectonic events (Worsley, 2008,
Smelror et al., 2009).
During the first compressional event, in the Early- Middle Devonian, the Laurentian and
Baltic plate consolidated. This event led to the closure of the Iapetus Ocean, formation of the
Caledonian orogeny and formation of the Laurasian continent (Doré, 1995). The second
compressional event mainly occurred in the eastern margin in the latest Permian-earliest
Triassic times. During this, the newly formed Laurasian continent and Western Siberian
culminated, which lead to the closure of the Uralian Ocean and the formation of the UralNovaya Zemlya orogeny. This event also had a major influence in the formation of the
Pangea supercontinent (Doré, 1991, Doré, 1995).
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These continental collisions in the Barents Sea had a major impact on the structural grain of
the basement, exemplified by the N-S to NE-SW striking faults of Caledonian origin in the
western province, and the N-S striking faults of Uralian origin in the eastern province. This
basement architecture has most likely also influenced the later development of the extensional
basins (Doré, 1991, Doré, 1995).
During Late Paleozoic through Mesozoic times, extensional tectonics dominated in the
Barents Sea area. This was first caused by extensional collapse of the Caledonian and Uralian
orogenic belts, and later during the progressive stages in the break-up of the Pangean
supercontinent (Doré, 1995). Since the western Barents Sea province is the main area of
interest in this study, the western post-Caledonian structural and stratigraphic evolution will
be further described below.

2.3 The western Barents Sea Provinces
The western Barents shelf consists of a thick, more or less continuous sedimentary succession
of Upper Paleozoic to Cenozoic deposits, which constitutes three distinct regions (Figure 2.1);


The northern Svalbard Platform province is situated north of 74N and it comprises a
relatively flat laying sedimentary succession from the Upper Paleozoic to Mesozoic,
which mainly hold Triassic strata (Faleide et al., 1993a, Faleide et al., 2010). During
Triassic times this region was a part of a regional basin, while during Cretaceous and
Cenozoic times the region was uplifted and became a platform area (Glørstad-Clark et
al., 2010).



The southern regional basin province is situated between the Svalbard Platform and
the Norwegian coast (south of 74N). It is characterized by several sub-basins and
highs, and the basins hold Jurassic– Cretaceous deposits in the west and PaleoceneEocene deposits in the east (Faleide et al., 1993a, Faleide et al., 2010).



The western continental margin province is situated east of the other two provinces,
along the continental margin. The margin is covered by a thick sedimentary wedge
from upper Cenozoic, and it is aligned above a narrow zone along the line of the Early
Tertiary break-up (Faleide et al., 2010). Based upon the structural features, this
province have been further subdivided into three main segments: (1) a sheared margin
along the Senja Fracture zone; (2) a sheared and later rifted margin in the north along
the Hornsund fault zone; (3) and a central rifted margin located southwest of
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Bjørnøya. This area also connects the sheared margins to the south and north. It is also
highly associated with volcanism (Faleide et al., 1993a, Faleide et al., 2010).

Figure 2.1: Main structural elements in the western Barents Sea, and their related rift phases. BB=
Bjørnøya Basin, FSB= Fingerdjupet Subbasin, GH= Gardarbanken High, HB= Harstad Basin, HfB=
Hammerfest Basin, HFZ= Hornsund Fault Complex, KFC= Knølegga Fault Complex, LH= Loppa
High, MB= Maud Basin, MH= Mercurius High, NB= Norkapp Basin, NH= Norsel High, OB= Ottar
Basin, PSP= Polheim Sub-platform, SB= Sørvestsnaget Basin, SFZ= Senja Fractura Zone, SH=
Stappen High, SR= Senja Ridge, TB= Tromsø Basin, TFP= Troms-Finnmark Platform, VH=
Veslemøy High, VVP= Vestbakken Volcanic Province. (Modified from Faleide et al. (2010)).
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2.4 Structural and stratigraphic evolution
A thick succession of Paleozoic to Cenozoic strata dominates on the Barents Sea shelf,
showing lateral and vertical variations in thickness and facies. The Upper Paleozoic
successions are characterized by mixed carbonites, evaporates and clastics, while the
Mesozoic to Cenozoic strata are dominated by silisiclastic deposits (Figure 2.2) (Faleide et al.,
2010).
As previously mentioned, the structural setting in the Caledonian basement have influenced
the post-Caledonian structural development in the western Barents Sea with N-S to NE-SW
structural trends (Doré, 1995, Faleide et al., 2010). During the post-Caledonian evolution the
area have also been highly influenced by three major rift phases; Late Devonian?Carboniferous, Middle Jurassic-Early Cretaceous, and Early Tertiary. The area was also
influenced by other, presumably smaller rift-events in between (Faleide et al., 2010). The
post-Caledonian structural and stratigraphic evolution in the western Barents Sea will be
further described below.

6

Figure 2.2: Lithostratigraphy of the western Barents Sea (Modified from Glørstad-Clark et al. (2010)).

7

2.4.1 Late Paleozoic
During Late Devonian?- Carboniferous times most of the Barents Sea was affected by crustal
extension, and in Middle Carboniferous times a northeast trending 300 km wide and 600 km
long rift zone developed as a continuation of the northeast Atlantic rift between Norway and
Greenland. Simultaneous, a subordinate tectonic link also developed to the Arctic rift. This
development resulted in a northeast trending fan-shaped array characterized by half-graben,
horst and graben geometries. During and after this extensional event the basins were filled
with continental clastics (Gudlaugsson et al., 1998). In the southwestern Barents Sea, the
Tromsø, Bjørnøya, Nordkapp, Fingerdjupet, Maud and Ottar basins presumably developed as
northeast- to north trending rift basins during this time (Gudlaugsson et al., 1998, Faleide et
al., 2010). Subsequently, during late Carboniferous and early Permian an extensive post-rift
carbonate platform developed, with evaporitic deposits in local basins (Larssen et al., 2002,
Glørstad-Clark et al., 2010). These deposits, respectively carbonates, gradually infilled and
covered the structural relief in the entire region until siliciclastic deposition started to
dominate in late early Permian. This Carboniferous rift event also initiated a regional
subsidence which continued to subside in late Permian times during deposition of cherty
limestones and shales (Gudlaugsson et al., 1998). In Permian- Early Triassic times the
regional subsidence was interrupted by renewed faulting, uplift and erosion along the
northerly trending structures in the western Barents Sea. Further, this event led to Triassic
subsidence and amplified the relief of paleo-Loppa High. The upper Permian succession
marks a transition to clastic sediments, which derived from the uplifted Uralian Mountain in
the southeast and landmasses to the south (Glørstad-Clark et al., 2010).

2.4.2 Mesozoic
In Early Triassic times, marine condition prevailed and a regional deepwater basin covered
much of the Barents Sea area. This was followed by shallowing, and in Middle Triassic times
continental conditions prevailed in parts of the southern areas (Faleide et al., 2010). In the
Early to Middle Triassic times the eastern and southwestern Barents Sea areas was gradually
infilled by silisiclasitic sedimentary infill from the Uralian Mountains in the southeast and the
Baltic shield in the south. Subsequently, this was also followed by a west-, northwest- and
northward sedimentary progradation in Late Triassic times (Glørstad-Clark et al., 2010).
Additionally, the Late Triassic was accompanied by transgression, and the shoreline gradually
retreated to the eastern and southern borders of the southeastern Barents Sea basin. With this,
8

the Triassic sedimentary succession is dominated by differential vertical and lateral
distributions of shales and sandstones, which hold an increasingly content of coarser
siliciclastic sediments in the younger intervals (Faleide et al., 2010).
The Lower to Middle Jurassic sedimentary succession is dominated by sandstones throughout
the Barents Sea area. Subsequently, in Middle Jurassic times rifting in the southwestern
Barents Sea initiated, coeval to continental breakup in the central Atlantic and rifting in the
North Atlantic and Arctic rift system. Accordingly, in Late Jurassic- Early Cretaceous times
the prominent Bjørnøya, Tromsø and Harstad rift basins developed as a result of regional
extension and strike-slip adjustments along old structural elements (Faleide et al., 1993b,
Faleide et al., 2010). The Middle Jurassic succession is composed of shallow marine
sandstones. While the Upper Jurassic succession is composed of a thin sequence of shales and
claystone with thin interbeds of marine dolomitic limestone and rare siltstone/sandstones
toward the basin flanks. This indicates deposition in a relatively deep and quiet marine
environment, and a gradually shallowing environment toward the basin flanks (Faleide et al.,
2010).
The Lower Cretaceous succession make up the main basin fill in the deep southwestern
Barents Sea basins and the strata are composed of shales and claystones with thin interbeds of
silt, limestone and dolomite. This succession generally deposited in marine distal conditions
with periodically restricted bottom circulations. The northern Barents Sea was characterized
by a regional uplift in Early Cretaceous due to widespread magmatism. This event was
presumably connected to the rifting and breakup in the Amerasia Basin and the formation of
the Alpha Ridge (Faleide et al., 2010).
In Late Cretaceous times the southwest Barents Sea continued to subside due to pull-apart
related faulting, and sediments was deposited in the deep basins. Little or no sediments were
deposited at other places in the Barents Sea during this time (Faleide et al., 2010).

2.4.3 Cenozoic
In Early Cenozoic times the western Barents Sea sheared margin developed as a result of
rifting and continental breakup in the west and north, pursued by the opening of the
Norwegian-Greenland Sea and the Eurasia Basin. The Cenozoic times is further characterized
by uplift and erosion of the entire Barents Sea region, which resulted in a large removal of the
Cenozoic, and even older sedimentary strata. In Late Cenozoic, subsidence and burial of the
9

western margin occurred and sedimentary strata derived from the uplifted Barents Sea area
deposited as clastic wedges above the margin (Faleide et al., 2010, Glørstad-Clark et al.,
2010, Glørstad-Clark et al., 2011).

2.5 Main structural elements
The adjacent structural elements to the Fingerdjupet Subbasin have influenced the structural
and stratigraphic evolution of the study area. In this section they will be further described.

2.5.1 Fingerdjupet Subbasin
The Fingerdjupet Subbasin is separated by the Leirdjuper Fault Complex from the deep
Bjørnøya Basin to the west, the Bjørnøyrenna Fault Complex from the Loppa High to the
southeast and the Bjarmeland Platform to the east (Figure 2.1) (Gabrielsen et al., 1990).
According to Gabrielsen et al. (1990), the Fingerdjupet Subbasin was formed as a shallow
northeastern part of the Bjørnøya Basin in Early Cretaceous time. However, according to
Gudlaugsson et al. (1998), significant Late Paleozoic extension also occurred in the
Fingerdjupet Subbasin. Further, the area is regarded as a westward tilted half-graben bound by
an N-S trending intebasinal horst (Gudlaugsson et al., 1998).

2.5.2 Leirdjupet Fault Complex
The N-S trending Leirdjupet Fault Complex strikes from the Loppa High and divides the deep
Bjørnøya Basin from the shallower Fingerdjupet Subbasin (Figure 2.1). The southern part
displays a single large displacement fault toward the Bjørnøya Basin which is characterized
by flexures and drag structures. While the northern part splits into several smaller
displacement faults that are characterized by rotated fault blocks (Gabrielsen et al., 1990).
According to Gabrielsen et al. (1990), this fault complex might have been active during
several stages. The main movements most likely occurred in (Early?) Carboniferous, Mid
Jurassic and Early Cretaceous times. In addition, tectonic activity is traced in the latest
Carboniferous to Permian times, and there might also have been activity in Late Creatceous
and Cenozoic times (Gabrielsen et al., 1990).

10

2.5.3 Bjørnøya Basin
As previously mentioned, the Bjørnøya Basin is divided by the N-S trending Leirdjupet Fault
Complex into a deep western part and a shallower northeastern part (the Fingerdjupet
Subbasin). Further, the deep Bjørnøya Basin is separated by the Bjørnøyrenna Fault Complex
from the Loppa High in the southeast and to the northwest, a faulted slope dipps down from
the Stappen High (Figure 2.1) (Gabrielsen et al., 1990, Larssen et al., 2002).
The Bjørnøya Basin was influenced by prominent Early Cretaceous subsidence, and together
with the Harstad, Tromsø, Sørvestsnaget basins and parts of the Loppa High, most of the
sedimentary succession was deposited at that time. Prior to this, the area was presumably an
active palaeobasin during Late Carboniferous and Permian time (Ziegler, 1988, Gabrielsen et
al., 1990).

2.5.4 Stappen High
The N-S trending Stappen High is bounded by the Bjørnøya Basin to the south, the Sørkapp
Basin to the east and the Knølegga Fault to the west (Figure 2.1). This area also consists of
small island, the Bjørnøya (Figure 2.1) (Gabrielsen et al., 1990).
In Late Paleozoic to Jurassic times the area was situated in a marginal position before
subsequent subsidence and uplift in Cretaceous and Cenozoic respectively. This activity
associated with the Hornsund Fault Complex and the Knølegga Fault, which later linked to
the opening of the Norwegian-Greenland Sea in Early Cenozoic. In Early Cenozoic, inversion
of the northwestern part of the Bjørnøya Basin formed the southern slope of the Stappen High
(Gabrielsen et al., 1990).

2.5.5 Bjørnøyrenna Fault Complex
The NNE/NE trending Bjørnøyrenna Fault Complex abuts form the Ringvassøy-Loppa Fault
Complex. Further north, the fault complex follows the western margin of the Loppa High and
separates the Loppa High from the deep Bjørnøya Basin and the shallower Fingerdjupet
Subbasin (Figure 2.1) (Gabrielsen et al., 1990, Larssen et al., 2002).
According to Gabrielsen et al. (1990), the fault complex was active during the Late Jurassic to
Early Cretaceous, and it was reactivated during the Late Cretaceous – early Cenozoic
tectonism. The generally normal faulted fault complex is defined with a large throw and
11

associated with some dome structures. In addition, inversion, deformed fault planes, reverse
faults and deformed footwall blocks are also some other common features along this fault
complex (Gabrielsen et al., 1990).

2.5.6 Loppa High
The Loppa High is separated by the N-S trending Asterias Fault Complex from the
Hammerfest Basin to the south, the Ringvassøy-Loppa and the Bjørnøyrenna Fault
Complexes from the Tromsø and the Bjørnøya Basins to the west. Northward, the
Bjørnøyrenna Fault Complex also separates the Loppa High from the Fingerdjupen Subbasin
to the northwest. Further, the northeastern limits are marked by the Svalis Dome and the
Maud Basin (Figure 2.1) (Gabrielsen et al., 1990).
The western crest has been rejuvenated as a high at least four times since the Devonian, but
the present day Loppa High is a result of Late Jurassic to Early Cretaceous inversion and Late
Cretaceous to Cenozoic tectonism. During most of the Cretaceous the area was an island with
deep canyons cutting into the Triassic succession. Later, the high was covered with
Palaeogene shales, which mostly eroded during the Late Cenozoic uplift. Prior to this, during
Ladinian to Callovian times, the area were a part of a cratonic platform (together with
Hammerfest Basin and the Bjarmeland platform) (Gabrielsen et al., 1990). The Loppa High
also defines the eastern flank of the western rift basin (Gudlaugsson et al., 1998).

2.5.7 Bjarmeland Platform
The Bjarmeland Platform is a stable platform area that includes several structural elements.
Accordingly, the Norsel and Mercurius Highs, the Svalis, Samson and Norvarg domes, the
Maud Basin, the Swaen Graben, and parts of the Hoop Fault Complex. The structural pattern
is mainly related to minor extension and salt tectonics. Further, the platform is bounded by the
Hammerfest and Nordkapp Basins to the south and southeast, Loppa High and the
Fingerdjupet Subbasin to the west (at 22°’E and 23°E) and the Sentralbanken and
Gardarbanken Highs to the north (Figure 2.1) (Gabrielsen et al., 1990).
The Bjarmeland Platform transitioned from a pre-platform to a relatively stable platform
development in late Carboniferous. Subsequent, in late Permian to Early Triassic times, the
platform area was probably terminated further to the west (at approximately 20°30’ and 21°E)
by an N-S trending fault zone. During this period, the western part of the platform area was
12

characterized by a structurally elevated high with a condensed Lower to Middle Triassic
sequence. In the Late Triassic, this structural high was transformed into a basin. The present
day western termination of the Bjarmeland Platform developed during the Late Mesozoic and
Conozoic times, presumably together with the development of the Loppa High and
Fingerdjupet Subbasin (Gabrielsen et al., 1990).
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3 Seismic interpretation and results
3.1 Data and interpretation tool
In this study, the 2D and 3D seismic data have been combined with well data to establish a
detailed understanding of the Permian to Late Triassic structural and stratigraphic evolution in
the Fingerdjupet Subbasin. In this work, Petrel E&P Software Platform by Schlumberger was
used as the interpretation tool for the given data.

3.1.1 Seismic data
The 3D seismic data is provided by TGS. It consists of one 3D seismic cube and three 3D
seismic composite lines (I, II and III) (Figure 3.1). These datasets have been academically
licensed for this study and extracted from the Hoop-Fingerdjupet (HF13) 3D seismic dataset.
The 2D seismic data is provided by TGS and Fugro, and consists of seven 2D seismic lines
(line 1 to line 7) (Figure 3.1).
The 3D seismic cube provides the main basis of this study. It covers an area of 2018.061 km2
in the central to northern part of the Fingerdjupet Subbasin and consists of E-W trending
inlines and N-S trending crosslines. The 3D seismic composite lines and the 2D seismic lines
were applied later to place the seismic interpretations within the 3D seismic cube into a
broader regional context, respectively considering the north-eastern part of the Bjørnøya
Basin and the western part of the Bjarmeland Platform. The 2D seismic data were also applied
to tie the well data to the interpreted seismic data.
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Figure 3.1: Subcrop map of the studied region. The red box and the blue lines show the location of the
3D seismic data and the yellow lines show the location of the 2D seismic data. Also, the positions of
the wells are displayed in this figure. BB= Bjørnøya Basin, BFC= Bjørnøyrenna Fault Complex, BP=
Bjarmeland Platform, FSB= Fingerdjupet Subbasin, HfB= Hammerfest Basin, LFC= Leirdjupet Fault
Complex, LH= Loppa High, MB= Maud Basin, MH= Mercurius High, NB= Norkapp Basin, ND=
Norvarg Dome, NH= Norsel High, SD= Svalis Dome, SG= Swaen Graben, SH= Stappen High.
(Modified from Npd. (2016)).

3.1.2 Well data
Two exploration wells have been incorporated in this study, wells 7321/7-1 and 7321/8-1.
Accordingly, they have been intergraded with the seismic data to establish a lithostratigraphic
correlation to the interpreted seismic data. These wells are located in the southern part of the
Fingerdjupet Subbasin, south of the 3D seismic cube (Figure 3.1). The 2D seismic lines linked
the seismic interpretation in the 3D seismic cube to the wells. However, the distance between
the 3D seismic cube and the wells puts limitations regarding the lithostratigraphic control.
Also, the 2D seismic lines offer a poorer resolution than the 3D seismic data.
The well data was retrieved from the Norwegian Petroleum Directorate database, and table
3.1 summarized the general information about these wells (Npd., 2016).
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Table 3.1: General information of the two wells used in this study, wells 7321/7-1 and
7321/8-1 (Npd., 2016).
Well name

7321/7-1

7321/8-1

Type

Exploration

Exploration

Status

Plug and abandoned

Plug and abandoned

Drilling operator

Mobil
Exploration Norsk
Hydro
Norway INC
Produksjon AS

Completed date

22.10.1988

03.09.1987

NS degrees

73° 25' 55.57'' N

73° 20' 11.99'' N

EW degrees

21° 4' 31.75'' E

21° 24' 57.27'' E

Content

Gas shows

Shows

Total depth (MD) [m 3550.0
RKB]

3482.0

Oldest penetrated age

Late Permian

Middle Triassic

Oldest
penetrated Snadd Formation
Formation

Røye Formation

3.2 Interpretation strategy/procedure
To obtain a general understanding of the structural and stratigraphic framework within
northern parts of the Fingerdjupet Subbasin (the 3D seismic cube), seven key horizons and
numerous faults were mapped. First, the key horizons (horizon H1-H7) were traced in terms
of the basins infill history and timing of tectonic movements. Then time-structural maps were
generated for the interpreted horizons to highlight the structural framework. These timestructural maps constituted a guide utilized in the following fault interpretation. Together with
vertical sections, four fault maps were generated at four different stratigraphic levels, H1,
H3.1, H4 and H7, respectively.
Based in the general structural and stratigraphic framework, a detailed structural and
stratigraphic analysis was undertaken. The seismic succession between the interpreted
horizons was analyzed in terms of reflection configuration and reflection characteristics
(amplitude and spatial continuity). Then time-thickness maps were generated for H3.1-H3.2,
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H3.2-H3.3, H3.3-H4 and H3.1-H4 to highlight thickness variations. These maps guided the
following interpretation of the Permian to Middle Triassic basin infill history and the related
tectonic events. In addition, faults were classified and analyzed in terms of timing and
evolution. In this work, attributes as edge detection and dip angle was also applied at the
horizons to highlight the structural features.
Based on the detailed analysis, well data, regional 2D lines and 3D seismic composite lines
were investigated to place the local observation into a regional framework, including
establishing a lithostratigraphic correlation. In this workflow, the detailed seismic
stratigraphic interpretation was correlated and traced along the 2D seismic lines and the 3D
seismic composite lines. Further, seismic stratigraphic correlations were undertaken towards
the southern part of the Fingerdjupet Subbasin to integrate the lithostratigraphic information
in the well data to the interpreted seismic data.

3.3 Structural framework and fault nomenclature
In this section the general structural observations will be introduced as a basis for the
succeeding sequence analysis. A more detailed structural analysis will be further carried out
in subchapter 3.7.
As shown in figures 3.2 and 3.3, the north-western margin of the Fingerdjupet Subbasin is
separated from the deep Bjørnøya Basin by a structural high. To elaborate, in the southwestern part of the 3D seismic cube fault C1 picks up displacement and generates a nearly
symmetrical horst together with the Leirdjupet Fault Complex (Figures 3.3 and 3.4). Further
north, W1-fault picks up displacement and generates a nearly N-S trending horst together with
the Leirdjupet Fault Complex (Figure 3.3 and 3.5). However, the entire western boundary of
this horst is not covered in this study, resulting in limitations regarding the northern structural
style. For simplicity, this entire structural high along the western margin of the Fingerdjupet
Subbasin is called the Ringsel ridge (Figure 3.3) The Ringsel ridge has been proposed as an
informal name of this structural high in a complementary study of the Fingerdjupet Subbasin
focusing mainly on the Late Jurassic-Early Cretaceous basin evolution (Christopher Sæbø
Serck, personal communication). Further west, the north-eastern side of the deep Bjørnøya
Basin seems to be characterized by half-graben geometries (Figure 3.2).

18

Figure 3.2: Vertical section across the eastern part of Bjørnøya Basin (BB), the Fingerdjupet Subbasin (FSB) and the western part of the Bjarmeland Platform
(BP). LFC= Leirdjupet Fault Complex.
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Figure 3.3: Structural framework of the eastern part of the Bjørnøya Basin (covered by 2D seismic
lines) and the northern part of the Fingerdjupet Subbasin (covered by 3D seismic cube). White=
deepest part, Dark blue= highest part.
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Figure 3.4: Vertical section of the deep Bjørnøya Basin and the Fingerdjupet Subbasin. This section
illustrates the southern part of the nearly symmetrical horst (the Ringsel ridge) bound by the
Leirdjupet Fault Complex (LFC) and the C1-fault.

Figure 3.5: E-W trending vertical section in the northern part of the 3D seismic cube. This section
highlights the north-eastern part of the N-S trending horst (Ringsel ridge) which separated the
Bjørnøya Basin from the northern part of the Fingerdjupet Subbasin.

The eastern margin of the Fingerdjupet Subbasin converges with the Bjarmeland Platform. In
this platform area, faults are of lesser significance compared to the Fingerdjupet Subbasin and
the Bjørnøya Basin (Figure 3.2). Accordingly, the Bjarmeland Platform represents a more
stable or uniformly subsiding basin.
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In the northern part of the Fingerdjupet Subbasin (in the 3D seismic cube) the overall
structural geometry shows an extensional half-graben basin controlled by N-S and NNE-SSW
striking and E-ESE dipping basin-bounding listric faults (herein informally termed major
faults)(Figures 3.2 and 3.3). Additionally, there are also observed several subsidiary fault sets
along the half-grabens. They are generally N-S to NE-SW trending, but there are also some
NNW-SSE and E-W trending faults. This structural style have further motivated the
subdivision of three fault arrays, which is herein informally termed the western-, central- and
eastern fault array (Figure 3.3). The western fault array consist of two N-S trending major
basin-bounding listric faults (W1a and W1b) which bound a westerly tilted major half-graben.
These faults also define the north-eastern margin of the Ringsel ridge. The central and eastern
fault arrays consist of several NNE-SSW trending basin-bounding listric faults, which
generally bounds WNW tilted major half-grabens. The eastern fault array also consist of a
highly tectonized zone of faults in the central parts (Figure 3.3). Figure 3.3 displays a
structural map of the interpreted faults and their related fault arrays. In this figure the
prominent faults are named according to their fault array, subsidiary fault array and fault
segment. The faults have also been classified as major-, intermediate- and small faults, but
this will be address in the structural analysis (Subchapter 3.7.).

3.4 Seismic stratigraphic framework
In this study, a detailed seismic sequence analysis and seismic facies analysis have been
carried out to determine the seismic stratigraphic framework within the Fingerdjupet Subbasin
(Figure 3.6). This workflow is addressed by several authors and is a powerful tool to define
the seismic stratigraphy. In this work, the general terms and the basis for the interpretation are
based in Mitchum Jr et al. (1977) and Veeken and Moerkerken (2013a). In this section the key
horizons, seismic sequences and the seismic units will be introduced. Also, the seismic to well
correlations are carried out in this section to highlight the lithostratigraphic correlations.
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Figure 3.6: Seismic stratigraphic framework of the Fingerdjupet Subbasin.

3.4.1 Key horizons
In total 9 reflections were traced within the 3D seismic cube to define the seismic
stratigraphic framework (Figure 3.6). These horizons represent sequence boundaries (horizon
H1, H4 and H7) or bounds units within the sequences which express different seismic
reflection characteristics and configurations. In this section, the horizons dominating seismic
character (continuity and amplitude) and lateral extent are summarized in figure 3.7 to
describe and establish the horizons general seismic expressions throughout the 3D seismic
cube.
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Figure 3.7: The 9 key horizons defined in this study and their dominating seismic characters (lateral
extent, continuity and amplitude) throughout the 3D seismic cube.

3.4.2 Seismic sequences
The investigated seismic succession is subdivided into two seismic sequences; S1 and S2
(Figure 3.6). These two seismic sequences are interpreted as genetically related depositional
events bound by unconformities, of which the latter constitute time-gaps in the geologic
24

record (Mitchum Jr et al., 1977). Sequence S1 is bound by horizon H1 and H4 while
sequence S2 is bound by horizon H4 and H7. These have been identified by change in seismic
character (amplitude and continuity), reflection termination and/or by significant boundaries
from well data. This will be further elaborated in subchapters 3.4.4 (seismic to well tie) and
3.5 (seismic sequence analysis).

3.4.3 Units
The seismic sequences S1 and S2 have further been subdivided into seismic units. In this
subdivision, sequence S1 consist of unit U1 to unit U3 and sequence S2 consists of unit U4 to
unit U6 (Figure 3.6). These units display different seismic characters (amplitude and
continuity) and reflection configurations. Also, the seismic characters and the reflection
configurations might vary laterally within the units.
This work also established the foundation of five differential seismic facies. These are
characterized by four seismic facies parameters; external geometry, internal reflection
configuration, reflection continuity and amplitude. Table 3.2 summarizes the characteristics
of the five seismic facies identified in this study. In this table (Table 3.2), their general aerial
extent has also been applied. Accordingly, table 3.3 addresses the units seismic facies
associations. Also, figures 3.8 and 3.9 highlight the seismic facies dominating expression in
seismic sections.
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Table 3.2: The five seismic facies identified in this study. Seismic facies F1 to F3 was identified in the
northern part of the Fingerdjupet Subbasin (within the 3D seismic cube), while the seismic facies F4
and F5 was identified along the Bjarmeland Platform (along 2D seismic lines).

Seismic
Facies

Seismic facies parameters (a- external geometry, b-reflection
configuration, c-continuity, d-amplitude strength, e- aerial
extent)

Fingerdjupet Subbasin
F1

a)
b)
c)
d)
e)

Wedge-shaped, widening toward bounding faults
Divergent
Semi-continuous to continuous
Moderate to high
In half-grabens

F2

a) Slightly wedge-shaped, slightly
bounding fault
b) Slightly divergent
c) Discontinuous to semi-continuous
d) Low to moderate
e) In half-graben

F3

a)
b)
c)
d)
e)

Relatively uniform thickness
Subparallel
Discontinuous to semi-continuous
Low to moderate
Throughout the study area

Bjarmeland Platform
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F4

a)
b)
c)
d)
e)

Wedge-shaped
Slightly subparallel to divergent
Discontinuous to semi-continuous
Low to moderate
Along the Bjarmaland Platform

F5

a)
b)
c)
d)
e)

Wedge-shaped
Divergent to progradational
Semi-continuous to discontinuous
Moderate
Along the Bjarmeland Platform

widening

toward

Table 3.3: Seismic units and their associated seismic facies.

Unit

Seismic facies

U6

F3

U5

F2

U4

F3

U3

Bjørnøya Basin: F1,
Fingerdjupet Subbasin:F1 and F3,
Bjarmeland Platform: F4 and F5

U2

F3

U1

F2 and F3

Figure 3.8: Vertical section illustrating the seismic facies in the Fingerdjupet Subbasin.
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Figure 3.9: Vertical section illustrating the seismic facies along the Bjarmeland Platform.

3.4.4 Seismic to well tie
Well 7321/7-1 is terminated in the top Røye Fm and well 7321/8-1 penetrates to the top
Snadd Fm (Table 3.1). Due to the lack of well tops in the deeper levels, the litostratigraphic
control is hard to determine below top Røye Fm. Accordingly, previous work of the Barents
Sea area has been utilized to establish tentative ages to the succession below this point. This is
further addressed in chapter 4 (discussion).
In well 7321/8-1 the reflection of horizon H4 was correlated and tied to the neighboring
reflection above top Røye Fm and top Sessendalen Gp (Figure 3.10). Top Røye Fm is
generally correlated to the upper part of the Permian succession, below Ørret Fm, and top
Sessendalen Gp is generally correlated to the Middle Triassic succession, at the upper limit of
top Kobbe Fm and top Steinkobbe Fm (Npd., 2016). Based on this, horizon H4 is interpreted
to represent late Middle Triassic. Accordingly, unit U3 is presumably dominated by upper
Permian succession in the interval between horizons H3.1 and H3.3, and up section, the
interval between horizons H3.3 to H4 might represent the Early to Middle Triassic
succession.
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Figure 3.10: Seismic to well 7321/8-1 correlation along line 7 (Figure 3.1). This figure addresses the
well tops and correlates horizon H4 and H7 to their tentative ages (modified from Norlex (2016)).

In well 7321/8-1 and well 7321/7-1 the reflection of horizon H7 was correlated and tied to
near top Hekkingen Fm, between top Fuglen Fm and top Hekkingen Fm respectively (Figures
3.10 and 3.11). Top Hekking Fm correlates to the regional Base Cretaceous Unconformity
(BCU). With this, horizon H7 is addressed as the near BCU and represents the upper
sequence boundary of sequence S2 (Figure 3.6).
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Figure 3.11: Seismic to well 7321/7-1 along line 6 (figure 3.1). This figure addresses the well tops and
correlates horizon H7 to a tentative age (modified from Norlex (2016)).

Well 7321/8-1 and well 7321/7-1 also reveal a large interval of lower Late Triassic
succession. Accordingly, the well top of top Snadd Fm is revealed in the upper part of the
interpreted succession, in the upper part of sequence S2 respectively (Figures 3.10 and 3.11).
This indicates a large interval of Ladinian to early Norian succession, which correlates to the
suggested age of the Snadd Fm (Npd., 2016).

3.5 Seismic sequence analysis
In this section, the defined seismic sequences and their internal seismic units will be
emphasized. The seismic units will be analyzed by their seismic facies parameters to elaborate
the basin infill history with implications for tectonic influence. The general terms and the
main basis for the interpretation are based in Mitchum Jr et al. (1977), Veeken and
Moerkerken (2013a) and Veeken and Moerkerken (2013b). Also, two previous master theses
have influenced the description and interpretation of this subbasin; Dahlberg (2014), Norkus
(2015). It should also be mentioned that unit U3 is the main emphasis in this study, resulting
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in a more detailed analysis of this unit. Figure 3.12 summarizes the main observations within
each unit.
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Figure 3.12: Schematic illustration of the stratigraphic framework and the observed seismic geometries in the units (U1-U6). Also, the tentative ages of the
horizons are illustrated in this figure. Horizon H4 and H7 have been correlated to the wells (Figures 3.10 and 3.11) while the tentative ages of the other key
horizons will be further addressed in chapter 4 (discussion) (modified from Norlex (2016))
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3.5.1 Seismic sequence S1
This seismic sequence S1 is confined to the interval between horizon H1 and H4 (Figures 3.7
and 3.12). The lower sequence boundary (H1) is identified as an erosional unconformity, seen
by truncation of reflectors in the substratum. The upper sequence boundary (H4) is interpreted
as the upper part of a condensed section, and it has a conformable affiliation to the adjacent
reflections.
As previously mentioned, this seismic sequence has been further subdivided into three
seismic units; U1, U2 and U3 (Figure 3.12). These will be further described below.
Unit U1
Unit U1 is recognized by the lower reflections within the seismic sequence S1 and it is partly
confined to the interval between horizon H1 and H2 (Figure 3.12). Horizon H1 is traced
throughout the 3D seismic cube while horizon H2 offers a discontinuous lateral continuity
and hence could not be traced throughout the 3D seismic cube (Figure 3.7).
The time-structural map of horizon H1 shows the outgoing of N-S to NNE-SSW trending
basin-bounding listric faults and the west and WNW tilted half-grabens (Figure 3.13).

Figure 3.13: Time-structural map of horizon H1, showing the outgoing of the faults and the west to
WNW tilted half-grabens.
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Further, Unit U1 is characterized by two seismic facies; F3 and F2 (Table 3.2 and figure 3.8).
To elaborate, unit U1 are generally dominated by a subparallel reflection configuration and
discontinuous to semi-continuous low to moderate reflections (seismic facies F3). However, a
slightly divergent reflection pattern is detected in the southern part of the central fault array,
consistent with seismic facies F2 (Figure 3.14). This slightly wedge-shape reflection package
gradually thickens towards WNW and display maximum thickness along the bordering fault,
C1. Also, U1 is bound by horizon H1 and H2 at this area.

Figure 3.14: Vertical section of the wedge-shaped reflection configuration in the hanging wall block of
fault C1.

Unit 2 (U2)
This unit is partly confined to the interval between horizon H2 and H3.1 (Figure 3.12).
Horizon H2 is traced within the southern part of the central fault array, while horizon H3.1 is
traced throughout the study area (Figure 3.7).
Unit U2 is characterized by one seismic facies, F3 (Table 3.2 and figure 3.8). The reflections
within this unit consist of a low lateral continuity and variable amplitudes. Further, the unit is
recognized by subparallel reflection configuration which establishes a relatively uniform
thickness throughout the 3D seismic cube (Figure 3.8).
Unit 3 (U3)
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This unit is the main focus in this study. It is confined to the interval between horizon H3.1
and H4 (Figures 3.7 and 3.12). To further unravel the internal structural configuration and
internal thickness variations, two additional reflections have been interpreted within this unit,
namely horizon H3.2 and H3.3 (Figures 3.7 and 3.12). Additionally, horizons H3.1 and H4
have been correlated and traced at the eastern part of the deep Bjørnøya Basin and at the
western part of the Bjarmeland Platform. Further, horizon H3.3 could also be correlated and
traced in the western part of the Bjarmaland Platform.
Along the eastern part of the Bjørnøya Basin and along the Fingerdjupet Subbasin (3D
seismic cube) unit U3 is recognized by two seismic facies; F3 and F1 (Table 3.2 and figure
3.8). The N-S trending Ringsel ridge show a subparallel reflection configuration and a
relatively uniform thickness (seismic facies F3), while the half-grabens within the deep
Bjørnøya Basin and the Fingerdjupet Subbasin is characterized by a divergent reflection
configuration and a wedge-shaped geometry (seismic facies F1) (Figure 3.2). In these halfgrabens, the wedge-shaped geometry generates distinct thickness variations along the halfgrabens and across their bounding faults (Figure 3.2). This is especially observed within the
Fingerdjupet Subbasin (Figure 3.15). The time-thickness map between horizon H3.1 and H4
also display the overall uniform thickness of unit U3 (Figure 3.16). This map (Figure 3.16)
also display the largest thickness in the hanging wall blocks adjacent to the W1-, C1- and E1
faults.

Figure 3.15: Vertical section of the Fingerdjupet Subbasin. U3 is defined as the interval between H3.1
and H4.

35

Figure 3.16: Time-thickness map between H3.1 and H4. This figure also shows the outgoing of the
most prominent faults.

The time-structural map of horizon H3.1, H3.2, H3.3 and H4 shows the outgoing of N-S to
NNE-SSW trending faults and the west and WNW tilted half-grabens (Figures 3.17-3.20).
Compared to the time-structural map of H1 (Figure 3.13), these maps also display several
subsidiary minor faults along the half-grabens, especially at the hanging wall blocks of the-C1
and W1-faults at horizon H3.1 to H3.3 (Figures 3.17-3.19). In vertical sections, this is seen by
several basement detached minor faults which terminate at or below H3.3 (Figure 3.21). This
will be further address in subchapter 3.7.
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Figure 3.17: Time-structural map of horizon H3.1, showing the outgoing of the faults and the west to
WNW tilted half-grabens.

Figure 3.18: Time-structural map of horizon H3.2, showing the outgoing of the faults and the west to
WNW tilted half-grabens.
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Figure 3.19: Time-structural map of horizon H3.3, showing the outgoing of the faults and the west to
WNW tilted half-grabens.

Figure 3.20: Time-structural map of horizon H3.4, showing the outgoing of the faults and the west to
WNW tilted half-grabens.
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Figure 3.21: Vertical section of the bordering hanging wall block of fault C1. This figure illustrates
some minor faults which terminate within unit U3

To further analyze internal thickness variation within unit U3, time-structural maps have been
generated for the intervals between H3.1-H3.2, H3.2-H3.3 and H3.3-H4 (Figures 2.22- 2.24).
These display the spatio-temporal change in thicknesses. Additionally, the time-thickness map
between H3.3 and H4 display where these reflection merges into one reflection (Figure 2.24).
Based upon these maps, a shift in depocenter can be detected. In the lower part of this unit,
the interval between horizons H3.1 to H3.2, the main depocenter is situated within the
western fault array, adjacent to the W1-faults. In contrast, in the upper part of this unit, the
interval between horizons H3.3 to H4, the main depocenter sits within the central fault array,
adjacent to fault C1. During this period the thickness also increases within the eastern fault
array, especially adjacent to fault E1.
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Figure 3.22: Time-thickness maps between H3.1-H3.2. This figure also shows the outgoing of the
most prominent faults.

Figure 3.23: Time-thickness maps between H3.2-H3.3. This figure also shows the outgoing of the
most prominent faults.
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Figure 3.24: Time-thickness maps between H3.3-H4. The red area illustrates where H3.3 and H4
merge. This figure also shows the outgoing of the most prominent faults.

Towards the Bjarmeland Platform, unit U3 is seen as a wedge-shaped package. However, on
this platform unit U3 changes reflection characteristics (amplitude and continuity) and
reflection configurations. Accordingly, two additional seismic facies have been defined; F4
and F5 (Table 3.2 and figure 3.9). To elaborate, the interval between H3.1 and H3.3 is
characterized by a subparallel to slightly divergent reflection configuration (F4), while the
interval between H3.3 and H4 is characterized by a divergent to progradational reflection
configuration (F5). This upper interval (between H3.3 and H4) also displays a slightly higher
lateral continuity with stronger amplitude signals (Figure 3.25). Based on the 2D seismic data,
the lower interval (between horizon H3.1 to H3.3) seem to gradually decrease in thickness
northwards and towards the Fingerdjupet Subbasin, while the upper interval (between horizon
H3.3 to H4) seems to gradually decrease in thickness northward and tips out in section toward
the eastern margin of the Fingerdjupet Subbasin.
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Figure 3.25: Vertical section along the Bjarmeland Platform.

3.5.2 Seismic sequence S2
This seismic sequence S2 is confined to the interval between horizons H4 and H7 (Figures 3.7
and 3.12). The lower sequence boundary (H4) is identified as the upper part of a condensed
section and the upper sequence boundary (H7) is correlated and tied near the BCU (Figure
3.10 and 3.11). In this study, horizon H7 represents the upper sequence boundary of S1 as this
horizon might express part of this regional unconformity.
This seismic sequence is generally recognized by a relatively uniform thickness through the
3D seismic cube, besides from a slightly wedge shaped unit within the central fault array.
This internal thickness variation motivates the subdivision of three seismic facies units; U4,
U5 and U6.
Unit 4 (U4)
This unit is recognized by the lower reflections within the seismic sequence S2 and is partly
confined to the interval between H4 and H5 (Figure 3.12). H4 is traced throughout the 3D
seismic cube while H5 consist of an overall discontinuous lateral continuity and could not be
traced throughout the 3D seismic cube (Figure 3.7).
The unit generally consists of a subparallel reflection pattern and is characterized by one
seismic facies, F3 (Table 3.2 and figure 3.8). Additionally, within the southern part of the
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central fault array the lower part of this unit shows baselapping (downlapping or onlapping)
stratal terminations (Figure 3.26).

Figure 3.26: Display baselapping stratal terminations in the lower part of unit U4
Unit 5 (U5)
This unit is located in the southern part of the central fault array, where it is confined to the
interval between horizon H5 and H6 (Figures 3.12 and 3.7).
Unit U5 is characterized by a slightly wedge-shaped geometry and the internal reflections are
dominated by a low lateral continuity and low amplitudes (seismic facies F2) (Table 3.2 and
figure 3.8). The unit gradually thickens toward WNW and display a maximum thickness
along the bordering fault, C1 (Figure 3.27). Additionally, similar characteristics are detected
in the northern part of the central fault array next to fault C3 (Figure 3.28). However,
limitations occurred during the tracing of horizon H5 due to the overall discontinuous
character.

Figure 3.27: Wedge-shaped unit between horizon H5 and H6 in the hanging wall block of fault C1.
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Figure 3.28: Wedge-shaped unit between horizon H5 and H6 in the hanging wall block of fault C3.

Unit 6 (U6)
This unit is confined to the interval between horizons H6 and H7 (Figure 3.12). H6 is traced
within the central fault array and H7 is traced throughout the 3D seismic cube (Figure 3.7).
This unit displays a relatively uniform thickness throughout the 3D seismic cube (Figures 3.2
and 3.3). It is dominated by semi-continuous to discontinuous low to moderate amplitude
reflections, and the reflection pattern is characterized by a subparallel reflection configuration
(seismic facies F3) (Table 3.2 and figure 3.8). Additionally, one distinct reflection shows
several high amplitude anomalies. This will be further described in subchapter 3.6.
The time-structural map of horizon H7 also shows the outgoing of N-S to NNE-SSW trending
faults and the west and WNW tilted half-grabens (Figure 3.29). In addition, several E-W
trending fault are present at this level.
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Figure 3.29: Time-structural map of horizon H7 shows the outgoing of the prominent faults at this
level. In addition, several E-W trending faults are also present at this level.

3.6 Depositional system in Late Triassic
As previously mentioned, the seismic succession within unit U6 is generally dominated by
discontinuous to semi-continuous low to moderate amplitude reflections (seismic facies F3).
However, one reflection is distinctively different from the adjacent reflections. It expresses a
lateral variation in amplitude as the adjacent reflections, but it also shows several high
amplitude anomalies (Figure 3.30).
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Figure 3.30: High amplitude anomalies at the within sequence S2 in the Fingerdjupet Subbasin.

These high anomaly features of unit U6 are mainly detected in the central and eastern areas of
the 3D seismic cube. Such lateral variations in amplitude indicate internal facies changes. To
highlight this, amplitude maps was constructed along this interpreted reflection (Figure 3.31 a
and b). In this figure the high amplitude anomalies enhances geomorphological features such
as highly sinuous seismic facies belts (channels). Additionally, these amplitude maps reveal
several faults which offset this channelized systems (Figure 3.31 a). In vertical sections, these
faults connect to the central and eastern fault array. These, did not impact the deposition of
the channels, but they indicate a later tectonic event which presumably reactivated the deeper
faults. Also, this tectonic event also generated new E-W trending faults as seen in figure 3.31.
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Figure 3.31: Display the high amplitude anomalies along the interpreted reflection between Horizon
H6 and H7. A) Extract value map and the structural features, B) RMS amplitude map.

Such high amplitude anomalies are also detected within unit U6 at the Bjarmeland Platform.
But at this area they are generally detected along several stratigraphical levels (Figure 3.32).

Figure 3.32: Display some of the high amplitude anomalies seen along line III (see figure 3.1) at the
Bjarmeland Platform.
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3.7 Structural analysis
3.7.1 Western Fingerdjupet Subbasin towards the Bjørnøya Basin
As previously mentioned, the Rigsel ridge separates the deep Bjørnøya Basin from the
northern part of the Fingerdjupet Subbasin (the 3D seismic cube). This structural high is
bound by the C1 and W1 faults in the east and the Leirdjupet Fault Complex in the west
(Figures 3.3, 3.4 and 3.5). Based on the 2D seismic data, the Leirdjupet Fault Complex is
interpreted as an N-S trending and westerly dipping fault. This fault has a listric fault
geometry in that is slightly curves down in the basement. Also, the bedding in the bordering
hanging wall block slightly dip towards the fault. Reflectors next to the faults also show
synclinal folded geometry immediately adjacent to the fault (Figure 3.33 and table 3.4). When
using horizon 4 (H4) as a reference, the normal throw of the fault gradually decreases
northward, from ~2300 ms (2D line 1, see figure 3.1) to ~1000 ms (2D line 3, see figure 3.1).
Farther into the Bjørnøya Basin, two basin-bounding faults are detected, B1 and B2
respectively. Due to the lack of 3D seismic data, limitations occurred during the interpretation
of these fault, especially regarding fault B2. Accordingly, fault B1 is seen as a WNW dipping
and NNE-SSW trending fault. This fault also seem to curve down in the basement and the
bordering bedding slightly dip towards the fault and display a synclinal fold geometry
immediately adjacent to the fault. With this, the fault is also interpreted as a listric fault
(Figure 3.33 and table 3.4).

At figure 3.33, fault B2 also seem to show the same

characteristics as fault B1, but as previously mention, this is hard to determine due to the
limited seismic coverage of this fault. The north-eastern part of the deep Bjørnøya Basin also
consist wedge-shaped infill, especially between horizons H3.1 and H4 (figure 3.33). Further,
this implies a tilted half-graben basin.
Table 3.4: Characteristics of the faults within the deep Bjørnøya Basin

Fault

Fault trend

Dip

Geometry Basement involvement

Leirdjupet Fault Complex

N-S

West

Listric

Basement involved

B1

NNE-SSW

WNW

Listric ?

Basement involved
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Figure 3.33: 3D seismic composite line (line, figure 3.1) displaying the deep Bjørnøya Basin and the Fingerdjupet Subbasin.
LFC= Leirdjupet Fault Complex.

49

3.7.2 Eastern Fingerdjupet Subbasin towards the Bjarmeland Platform
The eastern margin of the Fingerdjupet Subbasin shows a complex structural pattern. The area
shows NNE-SSW trending normal faults of various size, lengths and geometries (Figure
3.34). Towards the Bjarmeland Platform the fault frequency gradually decreases, with
individual faults showing lesser offset (Figures 3.24 and 3.2). Based on the 2D seismic lines,
the faults at the Bjarmeland Platform generally show planar to slightly listric fault geometries.
Notable, the sedimentary packages within the interpreted succession (horizon H1 to H7)
display a uniform thickness across these faults, and do not indicate fault growth. This suggests
deposition on a stable or uniformly subsiding area (Mitchum Jr et al., 1977).

Figure 3.34: Vertical section of the eastern Fingerdjupet Subbasin towards the Bjarmeland Platform.

3.7.3 Southern Fingerdjupet Subbasin towards the Loppa High
According to Gabrielsen et al. (1990), the northern outgoing of the NE-SW trending
Bjørnøyrenna Fault Complex separates the Fingerdjupet Subbasin from the Loppa High. In
this study, one 2D seismic line crosses this area, line 7 (Figure 3.1) (Figure 3.35). This
seismic section reveals a zone setting up the boundary between the Fingerdjupet Subbasin and
the Loppa High. In this area, the northern part of the Bjørnøyrenna Fault Complex consists of
a series of small to moderate displacement faults with opposite polarities. Many of the smaller
faults tip out both up and down section. Overall, the faults seem to show planar fault
geometries (Figure 3.35).
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Figure 3.35: Vertical section of the southern part of the Fingerdjupet Subbasin towards the Loppa
High, showing the northern part of the Bjørnøyrenna Fault Complex.

3.7.4 Northern part of the Fingerdjupet Subbasin (the 3D seismic cube)
Structural style
The northern part of the Fingerdjupet Subbasin is characterized by westerly to WNW tilted
half-grabens. To elaborate, the area is controlled by N-S to NNE-SSW trending and E to ESE
dipping faults which bound several W and WNW tilted half-grabens (Figure 3.28).
Additionally, as previously mentioned, each half-graben block is also characterized by
subsidiary minor faults.
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Figure 3.36: Time-structural map of H3.1 that shows the basin morphology. The arrow points north.

Fault classification
To obtain a detailed understanding of the structural evolution in the Fingerdjupet Subbasin the
prominent faults within the 3D seismic cube have been classified by two fundamental
parameters; geometry and basement involvement. These parameters first and foremost
subdivided the structural framework into three different fault classes, namely major faults,
intermediate faults and small faults. This fault classification also indicates the faults relative
age and if they can be affiliated to a regional of local tectonics. Table 3.5 displays the various
fault classes, associated parameters, the classes relative age and their assumed regional or
local influence. This fault classification is based on Gabrielsen (1984). Also, table 3.6
introduces the general information of the interpreted faults. Further, the prominent and
interpreted faults are color coded by their class, and they are named according to their fault
array, subsidiary fault array and fault segment.
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Table 3.5: The various fault classes and their associated parameters, the classes relative age and their
assumed regional of local influence.

Classes
Major
(MF)

Geometry
faults Listric

Intermediate
faults (IF)
Small
(SF)

Basement
involvement

Relative age

Regional or local
influence

Basement
involved

Primary

Regional influence

Secondary

Semi-regional
influence

Tertiary

Local influence

Planar
to Basement
mildly listric
detached

faults Planar

Basement
detached

The major faults are basin-bounding listric faults which seem to root in a gently dipping
detachment fault in the basement (Table 3.6 and figures 3.37-3.39). They are interpreted as
the controlling faults in this system as they bound the half-grabens in the area. These
observations indicate that the major faults distinguish the overall structural architecture, and
their size and length imply that they are regional by regional tectonic structures.
The intermediate faults are planar to mildly listric faults which branch from the major faults at
depth (Table 3.6 and figures 3.37-3.39). They are interpreted as the secondary faults in this
system and their affiliation to the major faults imply that they formed as a response to
movement along the major faults. These faults originated by a semi-regional tectonic
influence, as they basically are accommodation structures to the master faults.
The small faults are planar faults which generally tip out in the section or branch from the
intermediate faults (Table 3.6 and figures 3.37-3.39). Their size and length are considerably
smaller than the major faults, and they originate and terminate at differential levels within the
seismic section. These are especially frequent in the interval between horizons H3.1 and H3.3
and in the section adjacent to horizon H7. Also, they show alternating dips and generally
display a graben and horst pattern along some of the major half-grabens. They are interpreted
as the tertiary faults in this system, and presumably developed within the major half-graben
blocks during various one or more extensional events.
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Table 3.6: General information of the interpreted faults. MF= Major fault, IF= intermediate fault,
SF=Small fault

Name
W1a
W1b
W2a
W2b
C1
C2a
C2b
C2c
C2d
C3a
C3b
C4a
C4b
C4c
C4d
C5
C6a
C6b
C7
E1a
E1b
E2a
E2b
E3a
E3b
E4a
E4b
E5a
E5b
E6a
E6b
E7
E8a
E8b
E9
E10a
E10b
E10c
E10d
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Class
MF
MF
IF
IF
MF
MF
MF
MF
MF
MF
MF
MF
MF
MF
MF
IF?
SF
SF
SF
MF
MF
MF
MF
MF
MF
MF
MF
MF
MF
IF
IF
SF
SF
SF
SF
SF
SF
SF
SF

Fault array
Western
Western
Western
Western
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Eastern
Eastern
Eastern
Eastern
Eastern
Eastern
Eastern
Eastern
Eastern
Eastern
Eastern
Eastern
Eastern
Eastern
Eastern
Eastern
Eastern
Eastern
Eastern
Eastern

Fault trend
N-S
N-S
N-S
NNW-SSE
NNE-SSW
NNE-SSW
NNE-SSW
NNE-SSW
NNE-SSW
NNE-SSW
NNE-SSW
NNE-SSW
NNE-SSW
NNE-SSW
NNE-SSW
NE-SW
NE-SW
NE-SW
NE-SW
NNE-SSW
NNE-SSW
NNE-SSW
NNE-SSW
NNE-SSW
NNE-SSW
NNE-SSW
NNE-SSW
NNE-SSW
NNE-SSW
NNE-SSW
NNE-SSW
NNE-SSW
NNE-SSW
NNE-SSW
NNE-SSW
N-S to NNE-SSW
NNE-SSW
NNE-SSW
NNE-SSW

Dip
East
East
West
West
ESE
ESE
ESE
ESE
ESE
ESE
ESE
ESE
ESE
ESE
ESE
NE
SE
SE
NE
ESE
ESE
ESE
ESE
ESE
ESE
ESE
ESE
ESE
ESE
ESE
ESE
ESE
ESE
ESE
ESE
East to ESE
ESE
ESE
ESE

Figure 3.37: Vertical section in the northern part of the 3D seismic cube.

Figure 3.38: Vertical section in the central part of the 3D seismic cube.
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Figure 3.39: Vertical section in the southern part of the 3D seismic cube.

The fault arrays
The structural interpretation within the 3D seismic cube led to identification of three fault
arrays, herein informally termed the western-, central- and eastern fault array. To highlight the
overall structural framework within the 3D seismic cube, structural maps have been generated
at four levels, respectively at the horizons H1, H3.1, H4 and H7 (Figures 3.40 and 3.41).
These maps highlight the three fault arrays and their prominent faults. Additionally, the
outline of the three vertical sections in figures 3.37 to 3.39 is also highlighted in these figures.
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Figure 3.40: Fault map of horizon H1 and H3.1. These figures highlight the fault arrays and the prominent major-, intermediate- and small faults. Outlines=1:
figure 3.37, 2: figure 3.38 and 2: figure 3.38.
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Figure 3.41: Fault map of horizon H4 and H7. These figures highlight the fault arrays and the prominent major-, intermediate- and small faults. Outlines=1:
figure 3.37, 2: figure 3.38 and 2: figure 3.38.
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The western fault array
The western fault array is located along the western part of the 3D seismic cube, following the
north-eastern margin of the Ringsel ridge. This array is dominated by N-S trending faults and
the prominent structures being the major W1 faults and the intermediate W2 faults (Figures
3.40 and 3.41).
The major faults, W1a and W1b, show an N-S trending and easterly dipping zone of faults
(W1). These fault segments show a listric fault geometry that clearly curves to a shallow dip
down in the basements (Figure 3.37 and 3.38). They also display a large throw. When using
horizon 4 (H4) as a reference, the maximum displacement of fault W1a is ~ 670 ms and the
maximum displacement of fault W1b is ~ 550 ms.
The intermediate faults, W2a and W2b, show an N-S trending and easterly dipping zone of
faults (W2). These fault segments show a planar to slightly listric fault geometry, and they
branch from the major fault segments, W1a and W1b, right above horizon H1. Together with
W1, they set up subordinate grabens within this major half-graben block (Figure 3.38).
Further, W2a and W2b are interpreted as secondary faults which formed as a response to
movement along the major fault of W1.
There are also some minor N-S trending faults in the hanging wall block of W1a and W1b
(Figures 3.38 and 3.39). These faults tip out in the section and show a high frequency in the
interval between H3.1 and H4 (unit 3) and in relation to horizon H7. They indicate some
internal structuring due to tectonic activities, and based on their size and their planar geometry
they are interpreted as small faults.
Fault and fold geometry of W1
At the time structural maps (Figures 3.13, 3.17-3.20 and 3.29) and at the fault maps (Figures
3.40 and 3.41) W1 is seen as two overlapping and easterly dipping fault segments, W1a and
W1b. According to these figures, the fault also seems to propagate laterally up section. This
evolution is especially highlighted in the fault segment boundary, where the interactions of
the faults have evolved from a relay ramp to a breached relay ramp (Figure 3.42). In
transverse sections, differential fold structures are detected in the hanging wall block
immediately adjacent to the fault plains of W1a and W1b. Drag folds are generally detected in
the interval between horizon H3.1 and H4, and reverse drag folds are detected in the section
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adjacent to horizon H7 (Figure 3.43). These fold geometries are distinct near the displacement
maxima and decrease in intensity toward the fault tips.

Figure 3.42: Evolution of the two overlapping fault segments of W1. Horizon H3.1 display a relay
ramp, while up section, at horizon H4 and H7 the fault segments seem to link up and breach the relay
ramp.

Figure 3.43: Vertical section across the Fingerdjupet Subbasin. 1 and 2 displays drag folds, 3 and 4
displays reverse drag folds.
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Central fault array
The central fault array is located in the central part of the 3D seismic cube. This array is
dominated by NNE-SSW trending faults and the prominent structures being the major C1 to
C4 faults, the intermediate C5 faults and the minor C6 and C7 faults (Figures 3.40 and 3.41).
The major faults are generally NNE-SSW trending and ESE dipping faults. The southern part
of the central fault array consists of one major fault, C1. This fault shows large normal
throws, approximately, ~600 ms (reference horizon H4). The northern part consists of several
subsidiary zones of faults, C2-C4. These faults show smaller normal throws relative to fault
C1. Accordingly, the faults of C2 show ~200 ms displacement and the faults of C3 show ~170
ms displacement (H4 as reference). In the basement theses faults curves to a shallow dip and
seem to connect with the fault of W1 or they seem to congregate in a detachment zone
(Figures 3.37 and 3.38).
The intermediate fault, C5, is NE-SW trending and NW dipping. This fault is situated in the
southernmost part of the central fault array (Figures 3.40 and 3.41). It is hard to determine the
fault geometry at depths due to the lack of 3D seismic data further south. But based on the 2D
seismic data, this fault seem to strike toward the Leirdjupet Fault Complex, but they do not
interact. This fault is further interpreted as an intermediate fault because it seem to branch
from the C1 fault. With this, C5 presumably developed as a response to movement along the
C1 fault.
The prominent small faults, the faults of C6 and C7, are situated in the northern part of the
fault array (Figures 3.40 and 3.41). The fault segments of C6 are NE-SE trending and Se
dipping and the faults of C7 are NE-SE trending and NW dipping. This fault array also
consists of several minor NNE-SSW trending faults. These are especially frequent in the
interval between H3.1 and H3.3 and in relation to H7 (Figures 3.37 to 3.39). Based on their
size, length and geometry, these can also be classified as minor faults.
Fault and fold geometry of C1
At the time-structural maps (Figures 3.13, 3.17-3.20 and 3.29) and at the fault maps (Figures
3.40 and 3.41) C1 is seen as a large through-going fault. In transverse sections, differential
fold structures are detected in the hanging wall block immediately adjacent to the C1-fault.
Drag folds are generally detected in the interval between horizon H3.1 and H4, and reverse
drag folds are detected in the section adjacent to horizon H7 (Figure 3.43). Also, the
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bordering hanging wall block of C1 display differential fold geometries in relation to the fault.
In figure 3.44 the hanging wall block to the C1-fault display two synclines separated by an
anticline at horizon H4, while up section, at horizon H7, the hanging wall block to the C1fault display one syncline.

Figure 3.44: Fault geometry of C1 imaged at horizon H4 and H7. The fold geometry along the
bordering hanging wall block is also highlighted in this figure.

Eastern fault array
The eastern fault array is located in the eastern part of the 3D seismic cube. This array is
dominated by NNE-SSW trending faults and the prominent structures being the major E1 to
E5 faults, the intermediate E6 fault and the small E7 to E10 faults. Additionally, a highly
tectonized zone made up of numerous, multi-orientated faults is detected within the central
part of this fault array (Figures 3.40 and 3.44).
The major faults in this fault array are NNE-SSW trending and ESE dipping faults. The
southern part consists of two subsidiary zones of faults, E1 and E2 (Figure 3.39), while the
northern part consists of three subsidiary zones of faults, E3 to E5 (Figure 3.37). In the
northern part, the 3D seismic data does not cover the faults structural signature in the
basement, but these are classified as major faults by their size and length. In this fault array,
fault E1 displays the largest normal throw, approximately ~180 ms.
The intermediate subsidiary zone of faults, C6, is situated in the northern part of the fault
array. It is defined by two NNE-SSW trending WNW dipping fault segments, E6a and E6b
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(Figures 4.40 and 4.41). These faults connect with fault E3 between horizon H1 and H4 and
terminate between horizon H7 and H10.
The prominent small faults, the faults of E7 to E10, are situated in the southern part of the
array. They are NNE-SSW trending and ESE or WNW dipping (Figures 4.40 and 4.41). This
eastern fault array also holds a highly tectonized zone, composed of numerous small
displacement faults. Due to the complex structural grain it is hard to determine the structural
geometry within this zone. However, it seems like some of these faults connect to the northern
and the southern larger faults in this fault array.
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4 Discussion
As previously mentioned, the purpose in this study is to establish a structural and stratigraphic
framework of the Late Paleozoic to Early Mesozoic succession in the Fingerdjupet Subbasin.
More importantly, gain a deeper understanding of the extensive late Permian extensional
event and the succeeding Triassic sedimentary infill. In this chapter, the structural and
stratigraphic observations will be further discussed, emphasizing on the basin evolution
(section 4.1), structural style (section 4.2), depositional system in Late Triassic (section 4.3)
and the Fingerdjupet in a regional context (section 4.4).

4.1 Basin evolution
In the discussion of the basin evolution Mitchum Jr et al. (1977), Veeken and Moerkerken
(2013a) and Veeken and Moerkerken (2013b) were utilized as the main basis for the
interpretation. Figure 4.1 highlights the main observations within each unit and the suggested
rift events. Also, this figure highlights the age determinations of the interpreted horizons. As
previously mentioned, horizon H4 and H7 have been roughly correlated to the
lithostratigraphy in the wells (Figures 3.10 and 3.11), while the other key horizons hold
tentative ages. This might result in uncertainties regarding the age control. However, the age
determination of the key horizons will be further discussed in chapter 4.4.
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Figure 4.1: Seismic stratigraphic framework of the Fingerdjupet Subbasin (modified from Norlex (2016)).
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4.1.1 Sequence S1
Mid/late Carboniferous (Unit U1)
The mid/late Carboniferous succession (U1) is conformably deposited on an erosional
unconformity, horizon H1 (Figure 4.1). This erosional unconformity suggests an aerial
exposure and removal of sediments in a terrestrial environment. The overlying succession
indicates an increase in accommodation space. This might have resulted from an increase in
sea level, with transgression leading to marine depositional environment (Mitchum Jr et al.,
1977, Veeken and Moerkerken, 2013b).
The mid/upper Carboniferous succession (U1) is dominated by a subparallel reflection
configuration and consists of a relatively uniform thickness throughout the 3D seismic cube
(Seismic facies F3, see table 3.2 and figure 3.8). This suggests deposition from suspension on
a relatively low relief depositional surface (Veeken and Moerkerken, 2013b). However, a
slightly wedge-shaped depositional package with a slightly divergent reflection configuration
is detected along the hanging wall block of the C1-fault (Seismic facies F2, see table 3.2 and
figure 3.8). This suggests syn-sedimentary deposition during mild, localized extensional
tectonism. To elaborate, a tectonic pulse presumably reactivated older structural lineaments in
the basement, along the C1-fault. This fault gradually propagated up section and down faulted
the bordering hanging wall block to the C1-fault. During this, sediments gradually deposited
along the tilted depositional surface and generated the slightly asymmetrical depositional
package (Figures 4.2 and 3.14)(Mitchum Jr et al., 1977). Based on the reflections overall low
lateral continuity and their lateral variation in amplitude, the sedimentary conditions in
mid/late Carbouniferous times (U1) most likely consisted of a variable energy regime with
rapid changes in energy levels (Mitchum Jr et al., 1977, Veeken and Moerkerken, 2013b).

Figure 4.2: Schematic illustration of the sedimentary deposition and tectonic influence of unit U1.

Late Carboniferous to Permian (Unit U2)
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The upper Carboniferous to Permian succession (U2) is generally characterized by a
subparallel reflection configuration and displays a relatively uniform thickness throughout the
3D seismic cube (Seismic facies F3, see table 3.2 and figure 3.8). This suggests deposition
from suspension on a relatively low relief depositional surface. This also implies that the
mid/late Carboniferous (U1) depocenter was filled prior to the following deposition of the
upper Carboniferous and Permian succession (U2). Additionally, the uniform thickness and
subparallel reflection configuration indicate relatively uniform sedimentary conditions in a
stable or uniformly subsiding setting, such as shelf or basin plain settings. However, the low
continuity and variable amplitudes hint at variable energy regime which is generally found on
a shelf (Veeken and Moerkerken, 2013b). With this, the upper Carboniferous to Permian
succession (U2) presumably deposited in a non-fault related stable or uniformly subsiding
basin (Figure 4.3). Accordingly, this succession (U2) can represent the post-rift succession to
the previous rifting/tectonics in the mid/late Carboniferous (U1).

Figure 4.3: Schematic illustration of the sedimentary deposition of unit U2 (marked by red).

Late Permian to Middle Triassic (Ladinian) (Unit U3)
In the 3D seismic cube, the upper Permian to Middle Triassic succession (U3) expresses a
group of reflections which stands out from the adjacent units. The reflections are
characterized by higher amplitudes, better continuity and form a different reflection
configuration than the adjacent units. By these observations, this unit is presumably deposited
during a different depositional process and consists of different lithologies than the adjacent
units (Mitchum Jr et al., 1977). These observations also provide the basic information for the
geologic interpretation. The moderate to high amplitude reflections indicate a vertical
alteration of contrasting lithologies throughout the unit, and the reflections continuous lateral
continuity (when one disregard the faults) indicates similar sedimentary conditions over a
great lateral extent (Veeken and Moerkerken, 2013a).
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In the Fingerdjupet Subbasin, within the 3D seismic cube, respectively, the upper Permian to
Middle Triassic succession (U3) is characterized by two different seismic facies, F1 and F3
(Table 3.2 and figure 3.8). The seismic facies F3 is recognized along the north-western
margin of the Fingerdjuept Subbasin, respectively along the N-S trending Ringsel ridge. At
this area, the upper Permian to Middle Triassic succession (U3) is recognized by a relatively
uniform thickness and a subparallel reflection configuration (Figures 3.5, 3.15 and 4.4). This
implies that the Ringsel ridge stood out as a stable structural high during this period. The
seismic facies F1 is recognized eastward, within the westerly to WNW tilted half-grabens
(Figure 3.15). The divergent reflection pattern within this unit most likely developed as a
result of deposition on progressive tilted depositional surfaces due to active faulting along the
bordering faults (Mitchum Jr et al., 1977). This assumption is also strengthened by the large
thickness variation across several major faults, where the bordering hanging wall block show
a larger time-thickness than seen at the bordering footwall slope. Further, this extensional
event created an uneven subsidence in the area, and increased the accommodation space along
the bordering half-grabens. These lateral thickness variations within the upper Permian to
Middle Triassic succession (U3) are also expressed by several time-thickness maps (Figures
3.22 to 3.24). These also display an overall change in depocenter. The lower part of the upper
Permian succession (the interval between horizon H3.1 and H3.2) displays the largest
depocenter in the hanging wall block which borders the W1-faults (Figure 3.22). This
suggests the location of the main deformation and deposition during this period. Up
stratigraphy, in upper Permian and Lower to Middle Triassic succession (the intervals
between horizons H3.2- H3.3 and H3.3-H4) the depocenter gradually transitions southward
(Figures 3.23 and 2.24). Respectively toward and along the hanging wall block which borders
the C1-fault. This depositional change might be a result of change in extensional stress regime
and a result of change in sedimentary infill.

Figure 4.4: Schematic illustration of the sedimentary deposition and tectonic influence of unit U3.
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During the detailed sequence and structural analysis, several minor faults (classified as
intermediate and small faults) were detected along the bordering hanging wall blocks to the
major faults, especially along the hanging wall blocks which border the major C1-and W1
faults. As previously mentioned, these small and intermediate faults are frequent in the late
Permian to Middle Triassic succession (U3). Also, several intermediate and small faults
terminate within this succession, respectively at or below horizon H3.3. This suggests that the
active rifting occurred during late Permian times, during the deposition of the interval
between horizon H3.1 and H3.3. Accordingly, the subsequently lower to Middle Triassic
succession (the interval between horizon H3.3 and H4) displays fewer faults. This might
indicate deposition during a lesser tectonic active period, or in a non-fault depositional
environment. Further, this might imply that the upper Permian succession represent the synrift deposits and the Early to Middle Triassic succession deposited during the late rifting or as
early post-rift deposits.
However, the late rift or early post-rift deposits (the Lower to Middle Triassic succession)
also show a divergent reflection configuration and a wedge-shaped geometry. This succession
slightly thickens toward the major faults in the south-western part of the 3D seismic cube,
respectively adjacent to the W1b-fault and the C1-fault (Figure 3.24). This might indicate
localized faulting or local underfilled depocentrers from the previous rift event. Also, this late
rift or early post-rift succession thins and the bounding reflections merges toward the northern
and eastern areas of the 3D seismic cube (Figure 3.24), suggesting little or no sediment supply
from the adjacent northern and eastern areas during this period. Alternatively, sediment
supply could have bypassed the northern and eastern part of the 3D seismic cube and mainly
accumulated along the local depocenters or the paleo-topographic lows in the basin.
Towards the Bjarmeland Platform, the upper Permian to Middle Triassic succession (U3) also
shows a wedge-shaped geometry, but in this area the succession displays a relatively similar
thickness across the fault. This suggests deposition in an un-faulted setting. Also, the upper
Permian to Middle Triassic succession is associated with two different seismic facies, F4 and
F5. The upper Permian succession (the interval between H3.1 and H.3.3) is characterized by a
wedge-shaped geometry and a slightly subparallel to divergent reflections configuration,
accordingly seismic facies F4 (Table 3.2 and figure 3.9). The latter succession also seems to
slightly thin toward the northern and eastern areas. With this, the succession presumably
deposited within a stable or uniformly subsiding setting, and the wedge-shaped geometry
might be a result of a lateral variation in rate of deposition (Mitchum Jr et al., 1977). Up
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section, the Early to Middle Triassic succession (the interval between horizon H3.3 and H4) is
characterized by a divergent to progradational pattern, accordingly the seismic facies F5
(Table 3.2 and figure 3.9). Also, this succession slightly thins northward and tips out in
section towards the Fingerdjupet Subbasin. Based upon this, the Early to Middle Triassic
succession can be interpreted as a progradational sedimentary package, where the sediments
gradually progradated at the Bjarmeland Platform and towards the eastern and northern areas.
The Fingerdjupet Subbasin presumably acted as the limit of the sediment outbuilding as this
sedimentary package tips out in section toward this area. This suggests that the Fingerdjupet
Subbasin acted a starved basin in this period, and was accordingly situated in a distal marine
environment to the eastern sediment source. If there was little or no sediment supply from the
Bjarmeland Platform during this period, a condensed section could be expected.

4.1.2 Sequence S2
Late Middle Triassic (Ladinian) to Late Triassic (Carnian) (Unit U4)
The upper Ladinian to Carnian succession (U4) is dominated by a subparallel reflection
configuration and consist a relatively uniform thickness throughout the 3D seismic cube
(Seismic facies F3, see table 3.2 and figure 3.8). This suggests deposition within a non-fault
related stable or uniformly subsiding setting. The uniform thickness might also imply that the
paleo-topography was filled prior to the deposition of this unit (Figure 4.5). Additionally,
there are some low-angle baselapping stratal terminations within the southern part of the
central fault array, along the hanging wall block of the C1-fault (Figure 3.26). This might
indicate progressively onlapping or downlapping sedimentary infill.

Figure 4.5: Schematic illustration of the sedimentary deposition of unit U4 (marked by red).

Late Triassic (Carnian) (Unit U5)
In the Carnian succession (U5), a slightly wedge-shaped depositional package is detected
along the hanging wall blocks of faults C1 and C3 (Seismic facies F2, see table 3.2 and 3.8).
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This asymmetric depositional package indicates syn-depositional faulting, causing increased
accommodation space and sediment accumulation along the bordering hanging wall block of
C1 and C3. Faults C1 and C3 are interpreted as basement involved and listric faults in this
study. Further reactivation and faulting along these structural lineaments resulted in rotation
of the bordering hanging wall blocks and deposition along a progressively tilted depositional
surface (Figure 4.6). This also suggests that this was the main depocenter during this time
interval.

Figure 4.6: Schematic illustration of the sedimentary deposition and tectonic influence of unit U5
(marked by blue).

Late Triassic (upper Carnian) to Late Jurassic (near BCU) (Unit U6)
Similar to the upper Carboniferous to Permian succession (U2) and the Ladinian to Carnian
succession (U4), the upper Carnian to Late Jurassic succession (U6) is dominated by a
subparallel reflection configuration and has a relatively uniform thickness throughout the 3D
seismic cube (Seismic facies F3, see table 3.2 and figure 3.8). This uniform thickness implies
uniform rates of deposition in a non-fault related stable or uniformly subsiding setting. Also,
the previous paleo-topography was most likely filled prior to deposition of this unit (Figure
4.7). Further, the reflections low lateral continuity and variable amplitudes suggests a variable
energy regime during deposition. The reflections lateral variation in amplitude might also
indicate a lateral variation in depositional processes. One reflection within this unit expresses
several high amplitude anomalies (Figures 3.30 and 3.31). Such high lateral variation in
amplitude can be related to braided and meandering deposits in a coastal plain environment
(Veeken and Moerkerken, 2013b). Accordingly, this implies filled accommodation space,
and/or a lowering in sea level. Hence, this channelized horizon will be further emphasized in
section 4.3.
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Figure 4.7: Schematic illustration of the sedimentary deposition of unit U6 (marked by green).

4.2 Structural style
As previously mentioned, the deep Bjørnøya Basin and the Fingerdjupet Subbasin is
characterized by oppositely tilted rift basins separated by the Ringsel ridge. Towards the east,
the Fingerdjupet Subbasin gradually converges with the Bjarmeland Platform which is
characterized as a more stable or uniformly subsiding basin.
In this section, the Fingerdjupet structural affiliation, the areas prominent faults and the fault
related folds will be further discussed to obtain an understanding of the structural evolution
and the areas tectonic implications.

4.2.1 Structural affiliation
As well established, the western margin of the Fingerdjupet Subbasin is bounded by the
Leirdjupet Fault Complex and the southeastern margin is bounded by the Bjørnøyrenna Fault
Complex. Together with the Ringvassøy-Loppa Fault Complex, they constituted the firstorder boundary between the eastern platform areas and the western rift-basin (Ritzmann and
Faleide, 2007). According to Gudlaugsson et al. (1998) these fault complexes developed as a
direct continuation of the north-east Atlantic Rift between Norway and Greenland in midCarboniferous times. These major faults are basement involved and shows signs of later
reactivation (Gabrielsen et al., 1990, Ritzmann and Faleide, 2007). In this study, growth
sections suggest that the Leirdjupet Fault Complex was reactivated in the late Permian, and
again in the Late Jurassic-Cretaceous (Figure 3.33). The Bjørnøyrenna Fault Complex is only
covered by one seismic line in this study, showing a slightly wedge-shaped depositional
package in relation to the late Permian rift event (Figure 3.35). Based on this, it is proposed
that the structural style within the Fingerdjupet Subbasin first developed in Late Permian.
Accordingly, north-east Atlantic rifting to the west most likely affected the Leirdjupet and
Bjørnøyrenna fault complexes. Further, movement along these fault complexes affected the
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adjacent structural regions and cultivated new structural elements, including the Fingerdjupet
Subbasin. Additionally, this late Permian rifting might also have moved the northeastern
boarder of the western rift basin, from the Leirdjupet Fault Complex and toward the eastern
margin of the Fingerdjupet Subbasin (Figure 4.8).

Figure 4.8: Structural map of the northern part of the SW Barents Sea area. This figure also displays
the mid-Carboniferous eastern border of the western rift basin (blue) and the believed late Permian
eastern boarder of the western rift basin (red). (Modified from Gabrielsen et al. (1990).

The dominating N-S to NNE-SSW structural trend within the Fingerdjupet Subbasin also
roughly corresponds to the N-S trending Leirdjupet Fault Complex and the NE-SW trending
Bjørnøyrenna Fault Complex (Gabrielsen et al., 1990). Accordingly, the N-S trending faults
in the western fault array is most likely highly affiliated to movement along the Leirdjupet
Fault Complex, while the dominating NNE-SSW trending faults in the central and eastern
fault array affiliate to movement along the Bjørnøyrenna Fault Complex, or by a combination
of both.

4.2.2 The major-, intermediate- and small faults
In this study, the basement involved listric faults have been classified as major faults. These
bounds the major half grabens in the area and are interpreted as the controlling faults in this
system by their bordering asymmetric statal sections and by their basin-bounding signatures.
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In the basement (below horizon H1), the major faults generally display a moderate to shallow
dip. Also, in some vertical sections some seems to intersect (at approximately ~ 5000 ms)
(Figure 4.9). This suggests that the major faults branch with a common detachment zone
down in the basement. Further, the reflector pattern in the basement suggests the existence of
several other low-angle listric faults which terminate at or below horizon H1 (Figure 4.10).
Based on this, the major faults most likely reactivated from zones of weakness in the
Caledonian basement and propagated up stratigraphy by late tectonic events. The N-S to
NNE-SSW trending major faults also roughly corresponds with the N-S to NE-SW trending
structural grain in the Caledonian basement (Gabrielsen, 1984, Ritzmann and Faleide, 2007).

Figure 4.9: Display the low-angle faults in the basement.

Based on the structural and stratigraphic interpretation, the Fingerdjupet Subbasin has been
affected by several extensional events during the mid/late Carboniferous to Late Jurassic. In
the interpreted succession, growth strata are detected in relation to the mid/upper
Carboniferous (U1), upper Permian (U3), Mid Triassic (U5) and Late Jurassic succession
(above horizon H7). In mid/late Carboniferous a slightly localized fault controlled subsidence
is detected along the bordering half graben of the C1-fault (Figure 3.14). In Late Permian, the
majority of the major faults display signs of reactivation and rifting. In Middle Triassic, the
C1-and C3-faults show signs of minor, localized fault controlled subsidence. In Late Jurassic,
the area seemingly went through extensive rifting. This is also determined by a slightly wedge
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shaped depositional packages situated above horizon H7. However, this section has not been
thoroughly examined in this study.
Since the major fault presumably reactivated from zones of weakness in the basement, they
cannot be used as a trusted reference to determine the extensional stress regime during the
various extensional events (Withjack et al., 2002). As exemplified in figure 4.10, the major
fault might had a obliquely strike, and not perpendicular to the extensional direction, leading
to oblique rifting along the major faults (Withjack et al., 2002). However, the small faults
gives a more certain indication of the extensional stress regimes as they are basement
detached and do not emanate from the major faults (Figures 3.38 and 3.39).

Figure 4.10: Schematic figure of obliquely rifting along the major faults (retrieved from Withjack et
al. (2002)).

Such small faults are not detected in relation to the mid/late Carboniferous and Mid Triassic
rifting, but are well expressed in relation to the late Permian rifting and partly in the upper
Jurassic rifting. In the interval related to the Late Permian succession (U3), minor N-S and
NNE-SSW trending small fault are detected. With this, the extensional stress regime was
presumably in an E-W to WNW-ESE direction. This also correlates to the dominating strikes
of the major faults, resulting in extensive normal faulting in the late Permian rifting. Up
section, in relation to the Late Jurassic rifting, NNE-SSW trending small faults are generally
detected. But at this level it is harder to determine the extensional stress regime. The majority
of these small faults penetrate down to the late Permian succession. Further, this leaves
uncertainties regarding the extensional stress direction as they could have reactivated from
faults which originally originated in Late Permian. This leaves uncertainties regarding the
Late Jurassic extensional stress regime. Also, according to the time-structural map of H7
(Figure 3.29), a frequent appearance of E-W trending faults are present at this level. These
generally offset the N-S to NNE-SSW trending major-intermediate and small faults at this
level. This implies that they developed at a later stage.
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4.2.3 Fault related folds in the Fingerdjupet Subbasin
The Fingerdjupet Subbasin has been influenced by several rift-events and is thus
characterized as an extensional basin. In this section the longitudinal and transverse folds in
relation to some of the major faults in this area will be further described and discussed to
better unravel the fault activity in the basin.
Longitudinal folds
In the Fingerdjupet Subbasin, longitudinal folds are generally detected in transverse sections
across the major faults. Drag folds and reverse drag folds are particularly prominent.
Immediately adjacent to several of the major faults, synclinal fold geometries have been
detected in their bordering hanging wall block (Figure 3.43). Based on this geometry, they
have further been characterized as drag folds. Drag fold generally indicate fault growth as a
result of vertical propagation of faults. Also, such fold geometries might form as a result of
frictional drag along the bordering fault (Schlische, 1995, Withjack et al., 2002).
Immediately adjacent to several of the major faults, anticlinal fold geometries are present in
their bordering hanging wall blocks (Figure 3.43). Based on this geometry, they have further
been characterized as reverse drag folds. Reverse drag folds normally indicates a decrease in
displacement. To elaborate, these faults could be signs of reverse reactivation and inversion
(Schlische, 1995, Withjack et al., 2002).
Transverse folds
Several transverse folds have been detected in longitudinal sections along the bordering
hanging wall block of some of the major faults, especially along faults W1 and C1.
W1 consist of two overlapping synthetic normal fault segments, W1a and W1b (Figures 3.40
and 3.41). At the time-structural maps (Figures 3.13, 3.17-3.20 and 3.29), each fault segment
displays synclinal fold geometries next to the maximum displacement. This vertical section
also displays a slightly anticlinal structure between the synclines, which is located next to a
local displacement minimum, respectively below the two overlapping fault segments. This
fold geometry is also schematically illustrated in figure 4.11. These synclinal fold geometries
also represents the deep sedimentary basins (Schlische, 1995).
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Figure 4.11: Schematic illustration of transverse folds associated with extensional basins, respectively
at overlapping synthetically faults in a segmented fault system. BFS=Border fault system. (Retrieved
from Schlische (1995)).

Fault C1 is seen as a thorough-going fault. In the lower part of the interpreted succession the
fold geometry in the bordering hanging wall block displays two synclines separated by an
anticlinal (Figure 3.44). This suggests evolution by lateral linkage of two fault segments
(Schlische, 1995). Also, up section, at horizon H7, the fold geometry has evolved from two
synclines to one syncline (Figure 3.44). Hence, in Late Jurassic earlies Cretaceous, the fault
moved as on through-going structure.
Evolution of the late Permian rift event
During the Permian rifting, significant displacement was taken up along the basin-bounding
listric faults (the major faults), especially along W1 and C1 (Figure 4.12A). Movement along
these faults controlled subsidence in the bordering hanging wall blocks. During this,
accommodation increased and sediments gradually deposited along the tilted depositional
surfaces (Figure 4.12B) (Mitchum Jr et al., 1977). With increasing extension, minor faults
developed near the controlling fault and along the half-graben block, i.e. Intermediate and
small faults. Further, these faults generated the smaller horst and graben structures in the
Fingerdjupet Subbasin (Figure 4.12C). In this area, the majority of the small faults in relation
to the late Permian succession terminate at H3.3. This could either indicate that the wedgeshaped interval above H3.3 indicates late rift deposits or early post-rift deposits in underfilled
grabens (Figure 4.12D). Figure 4.13 also gives a schematic illustration of the pre-, syn- and
late rift/post-rift deposits.
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Figure 4.12: Schematic illustration of the late Permian tectonic activities and its affection of the
structural and stratigraphic configuration.

Figure 4.13: Schematic illustration of the pre-, syn- and late syn-rift/early post-rift deposits in relation
to the Permian rift event.
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4.3 Depositional system in Late Triassic
In the Fingerdjupet Subbasin, large channel bodies are detected in the Upper Triassic
succession, within the Snadd Fm in the late Carnian (Figures 3.30 and 3.31). According to
Klausen et al. (2014) the western Barents Sea area was characterized by widespread fluvial
channel bodies during the deposition of the Snadd Fm. Also, according to Glørstad-Clark et
al. (2010) the Upper Triassic succession in well 7321/7-1 shows non-marine facies with
fluvial channel deposits draped by rooted overbank facies. Based on this, the channelized
horizon is interpreted as fluvial channel deposits in a coastal plain environment (Figure 4.14).
These observations also suggest that the Fingerdjupet Subbasin was leveled at this time and
the sediment supply was controlled by a continental drainage system. Accordingly, the
shoreline was presumably situated west/northwest to the Fingerdjupet Subbasin during this
period.
In this study, an amplitude map has been extracted along an interpreted stratigraphic level
between horizon H6 and H7 (Figures 4.1). Along this map some fluvial channels are
displayed by high amplitude anomalies. These channels express several generations of
channels during the given timeframe. During Carnian, large fluvial channels progradated from
the southern and southeastern areas and towards northwest in the Barents Sea (Glørstad-Clark
et al., 2010, Klausen et al., 2014, Klausen et al., 2015). Further, this implies that the
distributary cannel in figure 4.14 most likely progradated toward the northwestern areas of the
Barents Sea. Additionally, local accommodation and inclination might also have affected the
direction of the channel. However, based on the seismic expression in the amplitude map,
different sedimentary systems can be detected adjacent to this river system (Figure 4.14).
First, the highly sinuous geometry along the major channel belt indicates meandering cannels.
These often develop in a low local gradient with a regular water discharge (Veeken and
Moerkerken, 2013b). In Figure 4.14 these channels are shown as by the yellow and red colors.
Adjacent to the channels, lower amplitude features are detected. These features might be
interpreted as overbank deposits and levees, which presumably deposited during an overflow
of the meandering channel. Also, crevasse splays might have formed these areas. They
presumably breached the confining wall of the channel and the sediments deposited at the
levees and at the adjacent floodplain area (Figure 4.14) (Veeken and Moerkerken, 2013b).
Further, the purple area might be interpreted as a flood-plain (Figure 4.14).
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Figure 4.14: Amplitude map of the channels in late Carnian. At this level a large distributary
meandering channel in detected, this channel belt is also accompanied by other fluvial sedimentary
systems which is presented in this figure.

In this amplitude map (Figure 4.14) there are few signs of faults implicating the drainage. But
there are detected several post depositional normal faults (Figure 3.31). This implies
reactivation of older structural lineament during later tectonic activities. However, during the
deposition of these channels the paleo-topography in the area was most likely levelled prior to
the deposition of the channel belts.
Such high amplitude anomalies have also been detected in the vertical sections along the
Bjarmeland Platform. However, in this area they have been detected along several
stratigraphic layers (Figure 3.32). This indicates that the Upper Triassic succession of the
Bjarmeland Platform consists of several intervals of fluvial deposits.
Towards the west, at the Selis ridge and in the deep Bjørnøya Basin, respectively, such high
amplitude anomalies are not detected within the Upper Triassic succession. This might
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indicate a marine environment throughout Triassic times. But due to the lack of 3D seismic
data this is hard to determine. The lack of high amplitude anomalies along the Selis ridge
might imply that the high also stood out as a minor positive feature during the deposition of
the channelized horizon in the Fingerdjupet Subbasin. Accordingly, this topography could
also have an impact on the drainage system.

4.4 Fingerdjupet Subbasin in a regional context
In this section, the regional geology will be correlated to the local structural and stratigraphic
observations in the Fingerdjupet Subbasin. Also, the determination of the tentative ages of the
interpreted horizons will be reasoned.

4.4.1 Carboniferous
In the lower part of the interpreted succession, unit U1 shows signs of a local fault-controlled
subsidence in the southcentral part of the 3D seismic cube, while the following succession,
unit U2, shows signs of a deposition without faulting. These observations correlate to the
widespread rifting in the mid-Carboniferous times and the proceeding regional subsidence in
the late Carboniferous and Permian (Gudlaugsson et al., 1998). To elaborate, in midCarboniferous times a western rift basin developed in the Barents Sea area as a direct
continuation of the north-east Atlantic rift between Norway and Greenland. This rift extends
form the Harstad Basin to the Stappen High, and the eastern flank is defined by the
Rinvassøy-Loppa, Bjørnøyrenna and the Leirdjupet Fault Complexes (Gudlaugsson et al.,
1998). According to previous works, this tectonic event generated several interconnected
extensional basins in the southwestern Barents Sea area, most likely including the
Fingerdjupet Subbasin (Gudlaugsson et al., 1998, Faleide et al., 2010). In Late Carboniferous
times the tectonic development was dominated by a regional subsidence and sediment
accumulation in regional sag basins (Gudlaugsson et al., 1998).
However, the slightly wedge-shaped depositional package within unit U1 can also be a result
of progressively sedimentary infill along an underfilled paleo-topographic low or a local
subsidence within the regional sag basin. Accordingly, unit U1 can be correlated to the
regional tectonic subsidence in Late Carboniferous to Permian times.
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4.4.2 Permian
This regional subsidence occurred until Late Parmian times when this interior sag basin was
interrupted by renewed rifting. In this extensional event, the primary locus of deformation
was situated between the north-east Atlantic and Arctic rifts which originally initiated in
Middle Carboniferous times (Gudlaugsson et al., 1998). Accordingly, extensional structures
in relation to this Permian rift event have been detected as far north as the Fingerdjupet
Subbasin (Gudlaugsson et al., 1998, Faleide et al., 2010).
Based on this, horizon H3.1 most likely correlates to the Late Permian times, and represents
the initiation of the extensive Late Permian rifting. In the study, the Late Permian syn-rift
deposits are confined to the interval between horizon H3.1 and H3.3. This interval displays a
fault-controlled subsidence in the half-grabens and more stable setting along the Ringsel
ridge. Further, these observations also suggest that the structural setting within the
Fingerdjupet Subbasin developed during the Permian rift event.
Late Permian rift structures have also been detected further west, in the north-eastern part of
the deep Bjørrnøya Basin. This implies that the north-east Atlantic and Arctic rifts to the west
also affected this area during the Late Permian rifting. In the area, the Leirdjupet Fault
Complex presumably acted as the controlling fault as it defines a part of the eastern flank of
the western rift basin which developed during the widespread rifting in Mid-Carboniferous
times (Gudlaugsson et al., 1998). In contrast, such fault-controlled subsidence is not detected
along the Bjarmeland Platform. This also indicates that the Fingerdjupet Subbasin acted as the
eastern limit of this Permian rifting.

4.4.3 Triassic
At the entry of Triassic, the Barents Sea area was an underfilled epocontinental basin. During
Early to Middle Triassic, sediments from the southern and southeastern areas (the Baltic
Shield and Uralian mountain) progradated toward northwest and filled most of the remnant
paleo-topography in the south-western Barents Sea (Glørstad-Clark et al., 2011). In this study,
the interval between horizon H3.3 and H4 is interpreted as the Lower to Middle Triassic
succession (Figure 4.1). At the Bjarmeland Platform, the Lower to Middle Triassic succession
is characterized as a progradational wedge which slightly thins northward and tips out
towards the Fingerdjupet Subbasin (Figure 4.15). With this, the eastern margin of the
Fingerdjupet Subbasin might have acted as the north-western limit of the northwestward
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progradational sedimentary infill in Early to Middle Triassic times, and the Fingerdjupet
Subbasin was situated in a distal marine setting to the main sediment source. Accordingly, the
Fingerdjupet Subbasin most likely acted as a starved basin during the Early to Late Triassic
times. The Lower to Middle Triassic succession also show similar features along the Loppa
High (Glørstad-Clark et al., 2010). According to Glørstad-Clark et al. (2010) the upper
Permian to lower Ladinian succession display a gradual west and northwest thinning towards
the paleo-Loppa high (Figures 4.16 and 4.17). With this, the paleo-Loppa High acted as a
barrier for the sediments to prograde further west and north during Early and Middle Triassic
times, which also resulted in sedimentary starvation in the southern border of the Fingerdjupet
Subbasin (Glørstad-Clark et al., 2010, Glørstad-Clark et al., 2011). Further, this concludes
that the Fingerdjupet Subbasin most likely acted as a starved and underfilled basin during the
Early to Middle Triassic times. Accordingly, a condenced section could be expected.

Figure 4.15: Seismic section that displays the westerly thinning of the Lower to Middle Triassic
succession (the interval between H3.3 and H4). The red circle illustrate where the interval between
H3.3 and H4 tips out in section.
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Figure 4.16: Seismic section that displays the northwestern thinning of the Upper Permian to lower
Ladinian succession (early Mesozoic megasequence) in a northwest and southeast trending seismic
line towards the paleo-Loppa High. The accurate location of the seismic line is displayed in figure
4.20 (modified from Glørstad-Clark et al. (2010)).

Figure 4.17: The blue line marks the location of the seismic section in figure 4.19. The red square
displays the approximate position of the Fingerdjupet Subbasin (modified from Glørstad-Clark et al.
(2010)).

In the northern part of the Fingerdjupet Subbasin (in the 3D seismic cube), the Early to
Middle Triassic succession is characterized by a thin late rift or post-rift interval in the
southern half-grabens and by a thin, presumably condensed section, at the western Ringsel
ridge and in the northern and eastern areas (Figure 3.24). In the half-grabens, the late rift or
post-rift interval show signs of fault growth along the basin bounding faults, but the package
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seem to be lesser influenced by internal faulting compared to the underlying late Permian
succession (the interval between horizon H3.1 and H3.3) (Figure 3.21). This wedge shaped
geometry can also be a result of sedimentary infill along uderfilled paleo-topography from the
late Permian extension.
In Middle to Late Triassic most of the south-western Barents Sea area had been infilled and
further sediment propagation occurred toward west and northwest. Accordingly, the northwestern Barents Sea became the main sight of deposition. Also, as a response to extension in
the North Atlantic rift system, the paleo-Loppa High subsided and transitioned into a
depocenter in Landinian times. This subsidence caused sediments to bypass the previously
infilled Bjarmeland Platform, and sediments gradually transported and deposited at the
submerged paleo-Loppa High (Glørstad-Clark et al., 2010).
This change in topography might likely also influenced the sedimentary infill in the
Fingerdjupet Subbasin, as a large interval of Middle to Late Triassic succession, respectively
Landinian and Carnian succession is observed within the area. Also, in the lower part of this
succession some low-angle baselapping stratal terminations are shown (Figure 3.26). These
most likely correlate to to northwest-dipping clinoforms which are recognized by Klausen et
al. (2015) (Figure 4.18). This also indicates that the sedimentary infill in the Fingerdjupet
Subbasin was controlled by the west and northward progradating sedimentary infill from the
southern and southeastern areas in late Middle Triassic times.

Figure 4.18: Vertical section of the Early Carnian northwest-dipping clinoforms which downlap at top
L1 (Ladinian) in the Fingerdjupet Subbasin (retraved from Klausen et al 2015)

86

Up stratigraphy, minor tectonic activities are observed within the Carnian succession,
respectively to the interval between horizon H5 and H6 (Figures 3.27 and 3.28). In the upper
part of the Snadd Fm, a fluvial dominated channelized section is detected. This implies a
transition from a marine- to a terrestrial environment. This also implies a north-westward
propagation of the shoreline during this period, respectively to the northwest of the
Fingerdjupet Subbasin. However, according to Glørstad-Clark et al. (2010) marginal marine
facies occurred in the Fingerdjupet Subbasin in Late Triassic (Figure 4.19). But according to
Klausen et al. (2015) the Upper Triassic succession gradually transitions from a Slope and
Basin/shelf environment in early Carnian to a coastal plain environment in upper Carnian
(Figure 4.20). The observations in this study coincide with the observations done in Klausen
et al. (2015).

Figure 4.19: Paleogeographic map of the Upper Triassic. The red square displays the approximate
position of the Fingerdjupet Subbasin. (Modified from Glørstad-Clark et al. (2010)).
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Figure 4.20: Paleogeographic maps of the early Carnian (C1) and the late Carnian (C4). The red
squares display the approximate position of the Fingerdjupet Subbasin. (Modified from Klausen et al.
(2015)).

Based on the wells in the southern part of the Fingerdjupet Subbasin, the Norian and Rhaetian
succession consist of a relatively small interval within the Fingerdjuept Subbasin (Figures
3.10 and 3.11). In Late Triassic, the sea-level increased and the shoreline moved back to the
south-eastern boarder of the western Barents Sea area (Faleide et al., 2010, Klausen et al.,
2015). Based on the paleogeographic maps from Klausen et al. (2015), the sea level seemed to
increase in Early Norian. During this, the Fingerdjupet Subbasin transitioned to a shelf
environment in early Norian times (Figure 4.21) (Klausen et al., 2015). This also explains the
reduced sedimentary infill. Further, the Triassic ended with regression and erosion (Faleide et
al., 2010).
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Figure 4.21: Paleogeographic evolution of the early Norian, when transgression occurred and the
shoreline moved back to the south-eastern boarder of the western Barents Sea. The red squares display
the approximate position of the Fingerdjupet Subbasin. (Modified from Klausen et al. (2015)).

4.4.4 Jurassic
In Lower to Middle Jurassic times the sedimentary succession was dominated by sandstones
throughout the Barents Sea area. In Middle Jurassic times the onset of widespread rifting
occurred in the southwestern Barents Sea area. Further, the Upper Jurassic sequence shows
interplay between sea-level change and continued faulting (Faleide et al., 2010). In the
Fingerdjupet Subbasin, the lower Jurassic boundary is not detected, but a small interval
between top Furuholmen Fm. and near base BCU is displayed (Figures 3.10 and 3.11).
The Fingerdjupet Subbasin show few signs of the late Middle Jurassic rifting which occurred
in the southwestern Barents Sea area. But based on the asymmetrical depositional packages
adjacent to H7, rifting might have occurred during the Late Jurassic to Cretaceous times.
Also, the reverse drag folding immediately adjacent to some of the major faults, the W1- and
C1-faults, might indicate a later reversed reactivation of the normal faults.
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5 Summery and conclusion
The Fingerdjupet Subbasin shows a complex interaction between tectonics and sedimentation.
Based upon the structural and stratigraphic observations in this study, the Fingerdjupet
Subbasin shows signs of tectonic activity in mid-Carboniferous, late Permian, Middle Triassic
and Late Jurassic times. The northern part of the Fingerdjupet Subbasin is characterized by
westerly to WNW tilted half-grabens. This structural style presumably developed in late
Permian time as a response to movements in the North Atlantic rift system to the west. These
half-grabens are controlled and bounded by N-S to NNE-SSW trending listric faults. Also, as
a response to reactivation and further movements along these faults, several subsidiary minor
faults developed. These generated minor horst and graben structures along the half-grabens.
The minor subsidiary faults in relation to the late Permian rift event are dominated by N-S to
NNE-SSW fault trend. Accordingly, the late Permian rift event likely developed during a
regional E-W to WNW-ESE stress regime.
The main geological events in mid/late Carboniferous to Late Jurassic times can be
summarized as follows:
1) In mid/late Carboniferous to Permian times the Fingerdjupet Subbasin was affected by
a minor localized fault-controlled subsidence. This was followed by uniform
subsidence related to the widespread regional subsidence in the Barents Sea area.
2) In late Permian this uniform subsidence was interrupted by extensive rifting. This
generated a distinct uneven subsidence, and the Fingerdjupet Subbasin developed as a
westerly tilted rift basin bounded to the west by an N-S trending intrabasinal high, the
Ringsel ridge.
3) In Early to Middle Triassic times the Fingerdjupet Subbasin acted as a starved and
underfilled basin, and a thin and partly condensed late rift or early post-rift interval
deposited. During this, the late Paleozoic paleo-topography in large parts of the southwestern Barents Sea was gradually infilled by northwesterly prograding sediments
from southern and southeastern uplifted source areas.
4) In Ladinian, the accommodation along the Bjarmeland Platform was filled and the
palo-Loppa High subsided. This lead to sedimentary infill, and during Carnian, the
Fingerdjupet Subbasin most likely acted as a depocenter as large amounts of
sediments accumulated in this area.
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5) In late Carnian, the previous accommodation was filled and the area transitioned from
a marine to a coastal plain environment. This is further manifested by several large
fluvial channels within the upper part of the upper Carnian succession.
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