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Abstract

The Norwegian Sea oceanic basins and prograded margins developed since NE Atlantic
breakup in the earliest Eocene. Significant amounts of sediments were fed to the regionally
subsiding and widening Norwegian Sea during the Cenozoic as a result of several phases of
uplift and erosion of the bounding shelves and their hinterland. Despite an overall passive
margin evolution, the area experienced tectonic events and associated processes that
interrupted the regional subsidence causing contraction/inversion and tilting. The post-
breakup depositional history of the mid-Norwegian margin comprises two main stages: (1)
middle Eocene-Pliocene margin subsidence and relatively modest sedimentation during a
period of climatic decline; and (2) latest Pliocene-Pleistocene full-scale Northern Hemisphere
glaciations resulting in deep erosion of shelves and hinterlands, and very high sedimentation
rates and large-scale continental margin progradation. Slope failures within rapidly deposited
glacial sediments affected both prograded margins releasing large slides travelling down-
slope into the oceanic Norway and Lofoten basins. Despite a long exploration history for
prospects in deeper waters and large amounts of data acquisition, no significant discovery has
been made.
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Introduction (no heading)

The present paper reviews the geology of the Norwegian Sea Oceanic Basin and Prograded
Margins Composite Tectono-Sedimentary Element (NSOBPM CTSE; Fig. 1), which has
developed since NE Atlantic breakup in the earliest Eocene (e.g. Brekke 2000; Eldholm et al.
2002; Faleide et al. 2008). The mid-Norwegian (62-69°N) and western Barents Sea-Svalbard
(69-78°N) continental margins (Fig. 1) experienced regional subsidence in response to
thermal cooling and sediment loading during the Cenozoic widening and deepening of the
Norwegian-Greenland Sea. Significant amounts of sediments were fed to the Norwegian Sea
during the Cenozoic post-breakup stage as a result of several phases of uplift and erosion of
the bounding shelves and their hinterland. The sedimentary record of the prograded margin
provides the best age constraints on the Cenozoic exhumation of the adjacent areas (e.g.
Vorren et al. 1991; Richardsen et al. 1991; Faleide et al. 1996; Hjelstuen et al. 1996, 1999;
Stuevold and Eldholm 1996; Laberg et al. 2005a; Henriksen et al. 2011; Baig et al. 2016;
Ktenas et al. 2017, 2019, 2023; Lasabuda et al. 2021; Eidvin et al. 2022). In addition,
sediment input by ocean currents contributed (Rebesco et al. 2014; Rydningen et al. 2020;
Bjordal-Olsen et al. 2023). Despite an overall passive margin evolution, the area experienced
tectonic events and associated processes that interrupted the regional subsidence causing
contraction/inversion and tilting (e.g. Doré and Lundin 1996; Lundin and Doré 2002; Mosar
et al. 2002; Praeg et al. 2005; Stoker et al. 2005a).

The post-breakup depositional history of the mid-Norwegian margin (Mgre-Vering margins;
Fig. 1B) comprises two main stages (e.g. Vorren et al. 1998; Hjelstuen et al. 1999; Laberg et
al. 2005a; Stoker et al. 2005b,c): (1) middle Eocene-Pliocene margin subsidence and variable
sedimentation rates during a period of climatic decline from greenhouse towards icehouse
conditions; and (2) latest Pliocene-Pleistocene Northern Hemisphere glaciations resulting in
deep continental erosion, very high sedimentation rates and large-scale glacial sedimentary
fan construction, and continued margin subsidence and progradation (Dahlgren et al. 2005).
In Eocene to early Pliocene times, the Mgare and VVgring margins (Fig. 1B) were located in a
distal position relative to sediment supply from Scandinavia, and biogenic ooze makes up a
significant part of the succession. Clay-rich sediments were deposited on more proximal parts
of the mid-Norwegian margin in this period (Laberg et al. 2005b; Eidvin et al. 2022). The
margin setting was changed at the Pliocene-Pleistocene transition (~2.7 Ma) when the

Northern Hemisphere glaciations led to rapid progradation gradually forming a huge, regional
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depocentre near the shelf edge along the entire Varing margin (Rise et al. 2005; Ottesen et al.
2009, 2012; Bjordal-Olsen et al. 2023) and the North Sea Trough Mouth Fan (TMF) at the
northern North Sea-Mgre margin (King et al. 1996; Nygard et al. 2005; Batchelor et al.
2017).

Along the western Barents Sea-Svalbard margin (Fig. 1B) the passive margin evolution
started later due to ongoing basin formation/development on the shear margin during Eocene-
?0ligocene time (Faleide et al. 2024b). Major margin progradation occurred in response to
regional uplift and glacial erosion of the Barents Sea shelf during latest Pliocene-Pleistocene
time (Faleide et al. 1996; Hjelstuen et al. 1996; Solheim et al. 1998; Vorren et al. 1998;
Henriksen et al. 2011). The links between uplift/erosion of the shelf and deposition in the
prograded margin offer a unique source-to-sink system where mass balance can be carried
out (e.g. Dimakis et al. 1998; Lasabuda et al. 2021; Medvedev et al. 2022). Glacial erosion
by ice streams shaped the Barents Sea shelf and large sediment volumes were transported to
the margin and deposited as km-thick trough mouth fans (Faleide et al. 1996; Hjelstuen et al.
1996; Solheim et al. 1998; Vorren et al. 1998; Andreassen et al. 2004; Andreassen and
Winsborrow 2009; Laberg et al. 2010).

Slope failure within rapidly deposited glacial sediments affected both prograded margins
releasing large slides travelling down-slope into the oceanic Norway and Lofoten basins
(Laberg and Vorren 1993, 2000; Laberg et al. 2002; Haflidason et al. 2004; Bryn et al. 2005;
Evans et al. 2005; Hjelstuen et al. 2005, 2007; Kvalstad et al. 2005a,b; Riis et al. 2005;
Solheim et al. 2005; Rise et al. 2006).

Age
The Norwegian Sea Oceanic Basin and Prograded Margins CTSE (NSOBPM CTSE)

comprises strata of Eocene to recent age deposited since continental breakup and onset of

seafloor spreading in the earliest Eocene.

Geographic location and dimensions
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The NSOBPM CTSE comprises most of the continental margin between 62° and 80°N (Fig.
1) covering an area of approximately 745 000 km?. On the mid-Norwegian margin (62-
69°N), it covers the underlying pre-breakup CTSE’s (Bunkholt et al. 2021; Tsikalas et al.
2022; Faleide et al. 2024a) and extends further into the oceanic domain (Figs. 1 and 2).
Along the western Barents Sea-Svalbard margin (69-78°N), it covers the marginal basins of
the West Barents Shear Margin CTSE (Faleide et al. 2024D).

Principal data sets

The principal data sets comprise exploration wells and scientific boreholes tied to 2D/3D

seismic reflection data (Fig. 3).

Wells

More than 400 exploration wells have been completed within the NSOBPM CTSE area
(Norwegian Offshore Directorate FactPages; https://factpages.sodir.no/en), most of them in
proximal parts of the Varing margin (Fig. 3A) where they also reach the underlying CTSE
(Bunkholt et al. 2021). In the SW Barents Sea, only 11 wells cover the prograded margin. In
the exploration wells the shallowest stratigraphy is seldom sampled since most of them are
drilled with a return to seabed for the upper part. Key wells used for definition of the main
Cenozoic lithostratigraphic units are highlighted and labelled in Figure 3 (see description of
these units below). Scientific (DSDP, ODP, IODP; Talwani et al. 1976; Eldholm et al. 1989;
Planke et al. 2023) and shallow stratigraphic boreholes (e.g. Rise and Sattem 1994; Sattem
et al. 1994; Grogan et al. 1998) provide continuous cores of the shallow stratigraphy, in

particular at the outer margin (Fig. 3A).

Seismic data

The mid-Norwegian margin is extensively covered by a dense grid of 2D seismic lines
complemented by 3D seismic in large parts (Fig. 3B). For regional mapping the main 2D data
set is the reprocessed CFI_MNR (Mid Norway Renaissance) survey by TGS. The outer

margin is covered by several extensive 3D cubes (Atlantic Margin North/South) and these
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were used to identify drilling targets for the recent IODP Expedition 396 (Planke et al. 2023).
In the SW Barents Sea, proximal parts of the prograded margin is also covered by a dense
grid of 2D seismic lines and a few 3D seismic cubes. Here, the CFI-NBR (Norwegian
Barents Sea Renaissance) of TGS is the most important 2D set, while SWB17 and Carlsen
represent extensive 3D cubes. The 2D and 3D seismic datasets mentioned above are all of
very good quality contributing to consistent and well-constrained regional mapping results.
However, in the oceanic parts, the seismic data coverage is generally poor (Fig. 3B).
Important 2D data sets covering the outer margin and the oceanic Norway and Lofoten basins
(NPD-HB-96, NPD-HV-96, NPD-L0OS-99) were acquired by Norwegian authorities in
relation to the United Nations Convention on the Law of the Sea (UNCLOS) to support
Norway'’s claims with respect to an extended continental shelf into the Norwegian Sea.

Other data

Complementary data include bathymetry (IBCAO 4.0; Jakobsson et al. 2020), gravity
(Skilbrei et al. 2000; Olesen et al. 2010) and magnetic (\VVerhoef et al. 1996; Maus et al.
2009; Olesen et al. 2010; Nasuti and Olesen 2014) data. Heat flow data are generally sparse

(Fig. 3A) but some exist that will be discussed in a later section.

Tectonic setting, TSE boundaries, and main tectonic /erosional/ depositional phases

Tectonic setting and boundaries

The NSOBPM CTSE developed in response to the final breakup and subsequent sea floor
spreading in the Norwegian-Greenland Sea since the earliest Eocene (Fig. 4; e.g. Eldholm et
al. 2002; Faleide et al. 2008; Gaina et al. 2009). The mid-Norwegian rifted margin can be
subdivided into three segments (Mgre, Vering and Lofoten-Vesteralen; Fig. 1) having
different margin architectures that reflect different styles of margin progradation. The western
Barents Sea-Svalbard shear margin bounds a broad shelf area in the Barents Sea that sourced

widespread margin progradation.

The outline of the CTSE is shown in Figure 1B. The eastern (landward) extent is defined by

the subcrop of the near base Eocene at the seabed close to the coast. Towards west, the
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Eocene and younger sedimentary succession belonging to the NSOBPM CTSE extends into
and cover oceanic crust in the Norwegian-Greenland Sea. The Norway Basin opened during
Eocene before the ZAgir Ridge became extinct (Breivik et al. 2006, 2012) and spreading
moved to the Kolbeinsey Ridge (west of the Jan Mayen Microcontinent; Fig. 1A). The
prograded margin associated with the North Sea TMF (King et al. 1996; Nygard et al. 2005;
Batchelor et al. 2017) reached parts of the Norway Basin east of the ZAgir Ridge (Hjelstuen
and Andreassen 2015; Hjelstuen and Sejrup 2021). The CTSE boundary is drawn at the
mouth of the Norwegian Channel that sourced this fan (Fig. 1B).

In the Lofoten Basin, formed by seafloor spreading along the Mohns Ridge (Fig. 1B), most of
the CTSE belong to the Bjgrngya TMF that was sourced from the Barents Sea shelf (Fiedler
and Faleide 1996; Faleide et al. 1996; Hjelstuen and Sejrup 2021). To the north, the
Storfjorden TMF occupies the area between the Barents Sea shelf and the Knipovich Ridge
(Faleide et al. 1996; Hjelstuen et al. 1996; Lasabuda et al. 2018a). The CTSE narrows further
northwards (Fig. 1B) and is filled with minor fans outside fjords in western Svalbard
(Spitsbergen) (Solheim et al. 1998; Forsberg et al. 1999; Bultt et al. 2000a,b).

The boundary between the Prograded Margin and Oceanic Basin TSE’s reflects a facies
transition zone separating dominantly prograding sediments (delivered from the continents)
and dominantly aggrading sediments in the deep oceanic basin. However, it is difficult to
delineate this as a distinct boundary since the two facies interfinger in distal parts of the
prograded margin. Furthermore, the data coverage is generally poor in deeper parts of the
oceanic basin. The distal boundary of the Prograded Margin TSE (Fig. 1B) is guided by the
thickness distribution within the huge sedimentary fans reflecting major outbuilding of

sediments into the oceanic basins.

Main tectonic, erosional and depositional phases

Breakup occurred in the earliest Eocene (Fig. 4) and was associated with massive magmatism
within the North Atlantic Igneous Province (Skogseid et al. 2000; Eldholm et al. 2002;
Faleide et al. 2008; Planke et al. 2023). Initial spreading occurred subaerially forming the
Magre and Varing marginal highs covered by thick piles of lava flows (Fig. 2; Planke et al.
2000, 2017; Berndt et al. 2001; Abdelmalak et al. 2016). Regional Eocene-Oligocene
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subsidence by cooling and sediment loading caused burial of the marginal highs so that the

margin could prograde further into the Norwegian Sea oceanic basins.

The passive margin development started later along the western Barents Sea margin (Faleide
et al. 2024b). Here, Eocene-Oligocene basins formed in a shear-dominated setting before
passive margin development was established in Oligocene-Miocene time when the Barents

Sea shelf was source area for sediments building out westwards.

Mid-Cenozoic compressional deformation including domes/anticlines, reverse faults, and
broad-scale inversion is well documented on the Vgring margin (Fig. 2), but its timing and
significance are debated (Doré and Lundin 1996; VVagnes et al. 1998; Lundin and Doré, 2002;
Laseth and Henriksen, 2005; Stoker et al. 2005a; Doré et al. 2008; Lundin et al. 2013). The
main phase of deformation is likely Miocene in age but some of the structures were
apparently initiated earlier in late Eocene—Oligocene times. A multi-phase growth history is
suggested for the domes based on seismic onlap patterns (Fig. 2): late Eocene-early
Oligocene for the Ormen Lange Dome, late Eocene-early Miocene for the Helland Hansen
Arch, and Early-Middle Miocene for the Naglfar Dome by Doré et al. (1999), whereas
Hjelstuen et al. (1997) suggested a Late Oligocene-Miocene age for both Vema and Naglfar
domes. On the other hand, VVagnes et al. (1998) reported a surprisingly constant growth rate
for the Ormen Lange Dome from Eocene to present, while Lundin and Doré (2002)
documented episodic activity. Miocene compression is also recorded on the western Barents
Sea margin (Richardsen et al. 1991; Gac et al. 2016; Gabrielsen et al. 2023).

There is increasing evidence on the mid-Norwegian margin for late Miocene outbuilding on
the inner shelf (Molo Formation; Eidvin et al. 2007) indicating a regional, moderate uplift of
Fennoscandia (e.g. Eidvin et al. 2000, 2007; Faleide et al. 2002; Lgseth and Henriksen, 2005;
Lidmar-Bergstrom et al. 2007). Pre-glacial uplift also affected the NW Barents Sea shelf
including Svalbard and a late Miocene age is indicated by observed tilting of the Vestbakken
Volcanic Province (Fig. 2; Jebsen and Faleide 1998). A late Miocene exhumation event is
also reported based on apatite fission track analysis (AFTA) of samples from several wells in
the Barents Sea (Green and Duddy 2010).



235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267

The Miocene succession preserves a record of deep-water sedimentation that indicates an
expansion of contourite sediment drifts (Fig. 2; Eiken and Hinz, 1993; Laberg et al., 2005a,b;
Stoker et al., 2005b; Rebesco et al. 2014; Rydningen et al. 2020; Bjordal-Olsen et al. 2023).

A marked shift in prograding style occurred when latest Pliocene-Pleistocene glacial
sediments prograded westward as continental ice sheets expanded onto the shelf (Henriksen
et al. 2005; Hjelstuen and Sejrup 2021; Lien et al. 2022). Large Pleistocene depocenters
formed fans in front of bathymetric throughs sourced by ice streams eroding the shelf
(Faleide et al. 1996; Laberg and Vorren 1996; Vorren et al. 1989; Sejrup et al. 2003;
Andreassen et al. 2004; Dahlgren et al. 2005; Nygard et al. 2005; Ottesen et al. 2002, 2005;
Rise et al. 2005; Andreassen and Winsborrow 2009; Patton et al. 2022). Pleistocene uplift
and glacial erosion of the Barents Sea shelf and deposition of large volumes of glacial
deposits in submarine fans along the margin resulted in a regional tilt of the margin (Dimakis
et al. 1998). In terms of post-opening sediments, the glacial component constitutes more than
half of the total volume deposited on the mid-Norwegian and western Barents Sea margins
(Lasabuda et al. 2021). The greatly enhanced Pleistocene deposition rates within the fans
induced excess pore pressure and sediment instability resulting in a series of submarine slides
of various sizes and timing (Kuvaas and Kristoffersen 1996; Haflidason et al. 2004; Bryn et
al. 2005; Evans et al. 2005; Solheim et al. 2005; Hjelstuen et al. 2005, 2007; Rise et al. 2006;
Safronova et al. 2017; Rydningen et al. 2020).

Underlying and overlying rock assemblages

Age of youngest underlying sedimentary unit

On the mid-Norwegian margin, the youngest underlying sedimentary unit is of late Paleocene
(-earliest Eocene?) age represented by the Tare Fm containing tuff related to volcanic activity
during breakup. On the western Barents Sea margin, the youngest sedimentary unit

underlying the prograded margin TSE is of Oligocene-Miocene age (Fig. 4).

Age of oldest overlying sedimentary unit
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The NSOBPM CTSE comprises sedimentary strata from Eocene to recent sediments at the

present seafloor.

Subdivision and internal structure

The overall prograded margin TSE can be subdivided into three main systems (Fig. 1): (1)
Northern North Sea-Mgre Margin, (2) Vering Margin and (3) Western Barents Sea margin.
For the Mgre and VVagring margins there are a lower part bounded by the Mgre and Varing
marginal highs respectively, which represented restrictions to Eocene-Oligocene margin
progradation (Fig. 5). Eocene-Oligocene depocenters are located landward of the escarpments
bounding the marginal highs (Fig. 6A). The marginal highs were gradually buried and the

Neogene units were able to prograde farther out into the oceanic basin in the Norwegian Sea.

A variety of mechanisms have been suggested for the initiation and growth of the
compressional structures which are widespread in the Vgring Basin and the adjacent Jan
Mayen Corridor (Fig. 2). These include (1) plate-driving forces (ridge push, slab pull, mantle
drag), (2) differences in spreading rates, (3) asymmetric spreading, (4) changes in absolute
plate motion, (5) far-field transmission of orogenic stress, (6) reactivation of basement
structures/lineaments, and (7) differential sedimentary loading and compaction. Several of
these mechanisms have likely interacted during the complex evolution of the structures (see
discussion in Mosar et al. 2002 and Dor¢ et al. 2008). The distinct compressional episode in
the middle Miocene causing major growth of many dome structures, coincided in time with
the formation of Iceland and its surrounding pedestal and body forces related to this elevated
bathymetry/topography may have increased the compressional stresses affecting the dome
structures (Doré et al. 2008). It also coincides with an increase in spreading rate and a change
in absolute plate motion (Mosar et al. 2002). The relief of many domes was amplified by
differential loading and compaction during margin progradation. The most prominent domes
are the Helland-Hansen Arch, Modgun Arch, Vema Dome and Naglfar Dome (Figs. 2 and 5).
The mid-Cenozoic domes also formed temporary barriers to progradation, in particular during
the Miocene when the compressional deformation was strongest. In contrast, within the
central and southern Mgre Basin compressional structures are less common (Fig. 2), which
could be the result of strain partitioning along the Jan Mayen Fracture Zone (Dor¢ et al.
2008).
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The main prograding units on the mid-Norwegian margin are associated with the North Sea
TMF on the northern North Sea-Mgre Margin and the Naust depocenter on the outer shelf of
the VVaring Margin (Figs. 5 and 6B). The North Sea TMF is located at the mouth of the
Norwegian Channel and was fed by the ice stream shaping the channel, which was linked to
the Scandinavian ice sheet (King et al. 1996; Sejrup et al. 2003). The fan is divided into two
provinces by the Mare Marginal High (Fig. 5A,B; Nygard et al. 2005). On the seaward side
of the high the data coverage is sparse and the stratigraphy is poorly constrained in the

Norway Basin (see profiles A and B in Fig. 5).

The northern North Sea-Mgre margin comprises several slides related to slope failure (Fig.
7). The most recent and exposed slide is the prominent Storegga Slide, which was studied in
large detail in relation to development of the Ormen Lange Field that is located in the scar of
the slide (Haflidason et al. 2004; Berg et al. 2005; Bryn et al. 2005; Kvalstad et al. 2005a,b;
Solheim et al. 2005). The Storegga Slide occurred 8200 years ago (Haflidason et al. 2005)
soon after the last deglaciation of the Norwegian margin. Rapid loading from glacial deposits
generated excess pore pressure and reduced the effective shear strength of the underlying
clays and oozes. Failure and sliding of the unstable sediments were likely triggered by a
strong earthquake located downslope from Ormen Lange (Haflidason et al. 2004; Bryn et al.
2005). Similar mechanisms were likely involved in earlier slide events on the northern North
Sea-Mgre margin during the last ~1.1 m.y. Three mass transport deposits are identified
corresponding to the Tampen (~130 ka), Mare (~300 ka) and Stad (~400 ka) slides (Nygard
et al. 2005; Hjelstuen and Grinde 2016). The Pleistocene depocenter on the outer shelf of the
Varing margin comprises prograding wedges of glacial sediments belonging to the Naust Fm
(Fig. 5C-E; Rise et al. 2005; Ottesen et al. 2009, 2012; Bjordal-Olsen et al. 2023). A system
of craters and mounds are found at the base of the glacially influenced sediments along the
mid-Norwegian margin. Rapid sedimentation by low-permeable glacial muds caused
overpressure in oozes, which were remobilized from the evacuation craters into the
associated mounds (Riis et al. 2005; Bellwald et al. 2024).

The western Barents Sea progaded margin can be further subdivided into a series of trough
mouth fans (TMFs) that developed in front of cross-shelf troughs formed by glacial erosion,
mainly by ice streams (e.g. Faleide et al. 1996; Sejrup et al. 2003; Laberg et al. 2010, 2012;
Alexandropoulou et al. 2021; Hjelstuen and Sejrup 2021; Patton et al. 2022). The Bjgrngya

10
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TMF is the largest when considering areal extent, and cover most of the oceanic Lofoten
Basin (Figs. 6B and 8A-C). The Storfjorden TMF is smaller in areal extent but has the
thickest sedimentary succession (Figs. 6B and 8D; Hjelstuen et al. 1996, Lasabuda et al.
2018a). To the north, several smaller fans are found outside fjords of western Svalbard
(Spitsbergen) (Fig. 8E; Solheim et al. 1998; Forsberg et al. 1999; Butt et al. 2000a,b). On the
Bjarngya TMF, several buried megaslides 1.0 to 0.2 Ma old have been identified (Figs. 7 and
8C). The two largest of these involved one order of magnitude more sediment than the
Storegga Slide (Hjelstuen et al. 2007). Megaslides have also been identified on the
Storfjorden TMF within the lowermost glacial unit GI (Figs. 7 and 8D; Safronova et al.
2017).

Sedimentary fill

Total thickness

The total sedimentary thickness from seabed to the top Paleocene typically ranges between 3-
6 km within the prograded margins, thinning westwards into the oceanic basin (Figs. 5, 6 and
8).

Stratigraphy (lithostratigraphy, seismic stratigraphy)

The lithostratigraphy was originally defined by Dalland et al. (1988) for the mid-Norwegian
shelf (Haltenbanken at inner part of the VVagring margin). In a recent paper, Eidvin et al.
(2022) made some revisions/updates. The Cenozoic succession making up the prograded
margin TSE comprises four formations (from oldest to youngest): Brygge, Kai, Molo and
Naust (Fig. 4).

The Brygge Formation is of early Eocene to early Miocene age (Fig. 4). At Haltenbanken
(e.g. in type well 6407/1-3; Fig. 3A), it consists of mainly claystone with stringers of
sandstone, siltstone, limestone and marl (Dalland et al. 1988; Eidvin et al. 2022). Westwards,
in the Vgring and Mare basins, siliceous ooze becomes common (Dalland et al. 1988;
Bellwald et al. 2024).

11
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The Kai Formation of middle Miocene to early Pliocene age (Fig. 4) is dominated by ooze-
rich claystones alternating with siltstone and sandstone in some areas. Limestone stringers,
glauconite and pyrite are also recorded (Dalland et al. 1988; Eidvin et al. 2022). Key wells
for the Kai Formation include 6407/1-2, 6507/5-1, 6609/11-1, 6508/5-1, 6507/12-1 and
6305/5-1 (Fig. 3A). After deposition of the ooze-rich, stratified sediments, Opal A-CT
conversion, polygonal faulting and fluid-flow processes have altered the sediments (Chand et
al. 2011; Millett et al. 2022).

The Molo Formation (type well 6407/9-5; Fig. 3A) represents a set of steep clinoforms
extending about 500 km from the coast off Mare to Lofoten. In proximal parts (e.g. wells
6610/3-1 and 6510/2-1; Fig. 3A), the unit consists of sand and some pebbles, while in more
distal parts it contains sand, silt and clay (Eidvin et al. 2022). It has been challenging to date
the formation and its age has been discussed extensively. According to Lagseth and Henriksen
(2005) and Lgseth et al. (2017) the Molo Formation is of early Pliocene age making it
younger than the Kai Formation (Fig. 4). Recent dating efforts (well 6610/3-1; Fig. 3A) gave
a late Miocene to early Pliocene age (Grosfjeld et al. 2019; Dybkjeer et al. 2021) supporting
the view of Eidvin et al. (2007, 2014, 2019) based on studies of ditch cuttings samples in
wells 6407/9-5, 6407/9-2 and 6407/9-1 (Fig. 3A) that the southern part of the Molo Fm
corresponds to the middle/upper part of the Kai Fm.

The Naust Formation is of latest Pliocene-Pleistocene age (< 2.75 Ma; Eidvin et al. 2020,
2022) (Fig. 4), and consists of interbedded claystone, siltstone and sand, occasionally with
very coarse clastics in the upper part. On the mid-Norwegian margin the type and reference
sections for the Naust Formation come from wells 6507/12-1 and 6507/5-1 (Fig. 3A)

respectively.

A formal lithostratigraphy has not been established for the western Barents Sea margin but
Eidvin et al. (2022) introduced a lithostratigraphic scheme for parts of the margin (Fig. 4).
The Naust Formation is extended into the SW Barents Sea with a type section in well 7117/9-
1 (Fig. 3A). Below they defined the new Tiskjegg Formation of Miocene age (Fig. 4) based
on a type section in well 7216/11-1 S (Fig. 3A). Within the underlying Torsk Formation of
Eocene-Oligocene age (Fig. 4) Eidvin et al. (2022) defined the middle Eocene Tobis Member
consisting of sandy fan deposits penetrated in wells 7216/11-1 S and 7316/5-1 (Fig. 3A;
Ryseth et al. 2003).

12



404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437

Regionally along the western Sea margin we mainly build on a well-established seismic
stratigraphy (Fig. 4) first presented by Faleide et al. (1996). They subdivided the post-
breakup sedimentary succession of the prograded margin into four units. GO represents pre-
glacial sediments that were further subdivided into four sub-units Tel-4 and tentative ages
were assigned based on the age of the oceanic basement where they pinch out (Fiedler and
Faleide 1996). Seven seismic reflectors (R1-R7) were interpreted in the glacial sediments and
these formed the basis for identifying three units; Gl (R7-R5), Gll (R5-R1) and Gl (R1-
seabed) (Fig. 4). The boundaries of these units were tied to exploration wells 7117/9-1 and
7117/9-2 (Fig. 3A) at the Senja Ridge in the SW Barents Sea showing that they were of
glacial origin and of late Pliocene-Pleistocene age (Eidvin et al. 1993). R1-R7 were
interpreted/correlated along the entire margin and tied to DSDP Site 344, drilled at the flank
of the Knipovich Ridge (Fig. 3A). Later drilling at ODP Site 986 in a similar setting farther
north (Fig. 3A) largely confirmed the stratigraphic framework of Faleide et al. (1996)
(Forsberg et al. 1999; Butt et al. 2000b). Following reanalyzes of ODP Site 986 the age of
R7, corresponding to the base of the glacial sediments, was changed from 2.3 to 2.7 Ma
(Knies et al. 2009; Alexandropoulou et al. 2021).

Depositional environment and provenance

The Cenozoic NE Atlantic-Arctic plate tectonic evolution had large impact on the
paleoceanography and sedimentation in the Norwegian-Greenland Sea and its continental
margins (e.g. Thiede et al. 1989; Eldholm et al. 1994, 2002). Ocean basin segmentation
caused by offsets in the initial plate boundary, local migration of the mid-ocean ridge axis
and changes in relative plate motion created along-margin barriers affecting watermass
circulation and depositional processes. The most important of such barriers were the
Greenland-Iceland-Faroe Ridge bounding the Norwegian-Greenland Sea towards south, and
the Fram Strait Gateway between the NE Atlantic and Arctic Eurasia Basin (Fig. 1A; Laberg
et al. 2005a; Jakobsson et al. 2007; Engen et al. 2008; Parnell-Turner et al. 2015; Straume et
al. 2020). Across-margin barriers also existed, in particular in the Paleogene. Regional uplift
along the initial plate boundary and the subsequent formation of emerged marginal highs like
the Mgre and Varing marginal highs (Fig. 5) had large impact on depositional processes

during progradation of the mid-Norwegian margin.
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The early Eocene to early Miocene sediments of the Brygge Formation on the mid-
Norwegian (Mgre-Vering) margin are marine, mainly deposited in deep water in a distal
environment (Dalland et al. 1988). During much of the Eocene-Oligocene the Mgre and
Varing marginal highs were emerged and acted as sediment source area, and hindered margin
progradation into the developing Norwegian Sea oceanic basin. The oceanic Lofoten Basin
was mainly filled from the Barents Sea shelf (Fiedler and Faleide 1996; Faleide et al. 1996),
but sediments were also routed through a number of canyons along the Lofoten-Vesteralen
margin (Rise et al. 2013).

The middle Miocene to early Pliocene marine sediments of the Kai Formation were deposited
on the outer and middle parts of the mid-Norwegian margin. On the outer shelf and slope
down to the deeper Mare and Vgring basins, the Kai Formation is overall rich in clay and
siliceous and calcareous microfossil-bearing pelagic ooze. The sediments of the Kai
Formation have largely been redistributed by contour currents (Bryn et al. 2005; Laberg et al.
2005a; Bjordal-Olsen et al. 2023). These were related to the opening of the Fram Strait
Gateway sometime between 20 and 15 Ma (Jakobsson et al. 2007; Engen et al. 2008) when
extensive deep-water circulation was established between the North Atlantic and Arctic.
However, in the VVagring Basin, evidence exist for older contourites, interpreted to originate
from ocean circulation also prior to the mid-Miocene (Laberg et al. 2005b).The vertical
motion history of the Greenland-Iceland-Faroe Ridge (Parnell-Turner et al. 2015; Straume et
al. 2020) also had large impact on the ocean circulation in the Norwegian-Greenland Sea and

associated depositional processes.

The new ocean circulation also affected the SW Barents Sea margin where the Bjgrngyrenna
Drift (Fig. 2) started to form in the early/middle Miocene (Rydningen et al. 2020). The drift
is located on the slope and consists of primarily shale with some interfingering sandstones.
The sand, however, was probably deposited through turbiditic currents reflecting a complex
interplay between down-slope and along-slope sedimentary processes (Rydningen et al.
2020). The development of this drift was concurrent with Mid-Miocene Climate Optimum (c.
16-14 Ma) suggesting a link between ocean circulation and global cooling (Rydningen et al.
2020).
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During deposition the seafloor bathymetry was affected by large domes and depressions
formed during the mid-Miocene compressional tectonic phase, and redistribution of fine-

grained sediments commonly took place along the flanks of the domes (Eidvin et al. 2014).

The late Miocene-early Pliocene Molo Formation, characterized by steep clinoforms (Eidvin
et al. 1998, 2007), was deposited in a coastal shallow marine to prograding deltaic
environment, probably formed in a wave-dominated environment with extensive long-shore
drift. It is situated on the middle/inner part of the shelf extending about 100 km from the
coast off Mgre (63°15°N) and north to Lofoten (67°50°N). Based on the recent dates
(Grasfjeld et al. 2019; Dybkjeer et al. 2021) and regional seismic mapping (Bjordal-Olsen et
al. 2023) the Molo Formation is now interpreted to be the proximal equivalent to the deeper
marine Kai Formation, deposited as a result of the compression and uplift of mainland

Norway in mid-Miocene time (Eidvin et al. 2022).

The main source area for the current-influenced sediments was probably located in the
northeast (Lofoten/Vestfjorden area). Significant Neogene uplift and erosion, starting in the
Miocene, is reported here (Hendriks and Andriessen 2002; Bjgrnseth et al. 2003; Redfield et
al. 2005).

A significant shift in sedimentary processes and depositional environments took place at the
Pliocene-Pleistocene transition. Major shelf edge progradation can be linked to grounding of
ice sheets on the continental shelf (Andreassen et al. 2004, 2008; Dahlgren et al. 2005;
Andreassen and Winsborrow 2009; Ottesen et al. 2009, 2012; Newton and Huuse 2017). The
deposition and major progradation of glacial sediments in the North Sea TMF and the trough
mouth fans along the western Barents Sea margin were closely linked to the processes
shaping the shelves of the North Sea and Barents Sea respectively. Large volumes of glacial
sediments were deposited in the Norwegian Sea (and the Nansen Basin in the Arctic) as large
fans in front of the bathymetric troughs on the shelf formed by glacial erosion (e.g. Faleide et
al. 1996; Lasabuda et al. 2018a; Hjelstuen and Sejrup 2021; Lien et al. 2022).

Over large parts of the Barents Sea shelf there is a distinct composite upper regional
unconformity (URU; e.g. Faleide et al. 1996). In some areas we observe several
unconformities formed in response to individual ice sheets that was grounded and eroded on

the shelf. This is more clear on the inner part of the mid-Norwegian (Varing) margin where
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upper parts of the Naust Formation reveal several sub-horizontal unconformities (Ottesen et
al. 2009). On the slope, a downlap surface for huge prograding wedges sourced on the
mainland and the shelf marks the transition to glacial sediment deposition during the
Northern Hemisphere Glaciation since about 2.7 Ma. In terms of total post-breakup sediment
volume the glacial component constitutes as much as about 50% on the mid-Norwegian and
western Barents Sea margins (Lasabuda et al. 2021). The abrupt change in sedimentation rate
at the beginning of the Quaternary, increasing by an order of magnitude, cannot be explained
by tectonic uplift of landmasses as the main cause. More likely, it reflects climatic change
causing effective and significant glacial erosion (Hjelstuen and Sejrup 2021; Patton et al.
2022).

The Scandinavian Ice Sheet repeatedly advanced to the shelf edge throughout the Pleistocene
(Dahlgren et al. 2002; Sejrup et al. 2005), and loaded the slopes with thick packages of
glacial sediment. Glaciations were initiated a bit earlier (~4 Ma) in the northern Barents
Sea/Svalbard area but the first large-scale glaciation reaching the shelf edge did not occur
before ~2.75 Ma (Knies et al. 2014).

Continental slope mass failures affected both the North Sea TMF (Nygard et al. 2005;
Hjelstuen and Andreassen 2015) and Bjgrngya TMF (Hjelstuen et al. 2007) and large
volumes of slide deposits were transported into the oceanic Norway Basin and Lofoten Basin,
respectively (Fig.7). The rapid deposition of glacigenic sediments at the outer shelf and upper

slope contributed to conditions favorable for failure (Hjelstuen et al. 2005).

On the Varing margin, the latest Pliocene-Pleistocene Naust Formation comprises large
quantities of glacially derived material that were transported westwards from the Norwegian
mainland and inner shelf and deposited in a basin of intermediate depth as prograding
sediment wedges (Dahlgren et al. 2002; Rise et al. 2005; Ottesen et al. 2009, 2012; Newton
and Huuse 2017). In this basin, the Helland—Hansen Arch (Fig. 2) acted as a prominent
north—south-trending topographic element and affected the deposition of glaciogenic,
hemipelagic and contouritic deposits in the early Naust period (Fig. 5; Rise et al. 2010;
Millett et al. 2022).

Magmatism
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Voluminous Paleogene volcanism affected the mid-Norwegian margin prior to and during
NE Atlantic breakup and initial seafloor spreading between Greenland and Europe and thick
piles of extrusive volcanic rocks were emplaced (Planke et al. 2000, 2017; Berndt et al. 2001;
Abdelmalak et al. 2016). However, these are not considered part of the prograded margin

TSE but form its substrate at the outer margin.

Heat flow

The Mare and Vering margins have heat flow measurements (both at seabed and in deep
exploration wells; Fig. 3A) around 60-65 mW/m?, which are typical for “normal” continental
areas with no recent tectonic activity. Some lateral variation likely reflects structural
complexity (Ritter et al. 2004; Pascal 2015).

The heat flow values at the western Barents Sea margin are generally low except for the
abnormally high values (exceeding 1000 mW/m?) associated with the Hakon Mosby mud
volcano (Hjelstuen et al. 1999; Eldholm et al. 1999).

Petroleum geology

The petroleum geology of the pre-breakup CTSE’s on the mid-Norwegian margin is well
covered by Bunkholt et al. (2021) and Faleide et al. (2024a), while Ryseth et al. (2021) and
Faleide et al. (2024b) do the same for the western Barents Sea margin. An important source
of information is the FactPages of the Norwegian Offshore Directorate

(https://factpages.sodir.no/en) which is continuously updated with respect to wellbores,

discoveries, fields etc. They also present play models for different parts of the Norwegian

Continental Shelf (https://www.sodir.no/en/facts/geology/plays/).

Discovered HC potential

No discoveries are yet made within the prograded margins TSE.
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Current exploration status

Exploration activities in the area covered by the Norwegian Sea prograded margins TSE have
so far not targeted plays within the prograding sedimentary sequences.

Hydrocarbon systems and plays

The hydrocarbon systems and plays described for the underlying CTSE’s (Bunkholt et al.
2021; Ryseth et al. 2021; Faleide et al. 2024a,b) are not applicable to the prograded margins.

The Norwegian Offshore Directorate has only two potential plays covering the prograded
margins (https://www.sodir.no/en/facts/geology/plays/). One is unconfirmed and located at
the Mgare-Varing marginal highs where fractured volcanic and volcaniclastic rocks could
work as reservoir rock. The other builds on the Peon gas field (well 35/2-1; Fig. 3A) found
above a prominent angular unconformity within the Norwegian Channel in the northeastern
North Sea (Fig. 1B; Bellwald et al. 2022). Here, Quaternary glaciofluvial sands forms the
reservoir which is sealed by fine-grained glaciomarine sediments and till units (Ottesen et al.
2012). Similar rocks in a similar setting may exist in the Naust Formation on the mid-

Norwegian (Varing) margin but such a play is not confirmed here.

In addition, based on studies of recent 3D seismic data covering the outer Vgring and Mgare
margins (Fig. 3B), Millett et al. (2022) presented a range of less conventional plays in
Neogene to Quaternary sequences including sand injectites, glacial sands and plays
associated with shallow gas hydrates. These are poorly constrained with respect to age,

making them difficult to place in the summary chart (Fig. 4).

Source rocks. Mesozoic (Jurassic and Cretaceous) source rocks are present below the mid-
Norwegian prograded margin but these are deeply buried and was likely exhausted of any
hydrocarbon generation potential at the time of Cenozoic margin progradation. A younger
source rock may exist at the outer margin associated with the early Eocene Azolla event
(Brinkhuis et al. 2006). This may be the source for hydrocarbons generated within the
Bjgrngya TMF and methane-venting seep at the seabed of the Hakon Mosby Mud Volcano
(Fig. 2) (Hjelstuen et al. 1999, Damm and Budéus 2003; Niemann et al. 2006; Pape et al.

2011). Widespread methane seepages are reported along the margin farther north from
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Bjarngya to Kongsfjorden on Svalbard (Fig. 1B; Mau et al. 2017; Weniger et al. 2019)

indicating working petroleum system(s).

Reservoirs. Sand injectites are widespread within the Kai/Brygge formations on the mid-
Norwegian (Varing) margin (Millett et al. 2022). Their geometry varies from isolated
mounds and saucer-shaped sills to more laterally extensive sills, and these may have reservoir
properties. Contourites are interpreted to be present in deeper parts of the North Sea TMF.
Some of these may contain sand that could provide reservoir rocks. Quaternary glacial sands

may represent shallower exploration targets within the prograded margin (Millett et al. 2022).

Seals. Fine-grained glacigenic sediments may have considerable sealing potential related to
the plays described above. The thick wedges of glacigenic debris flows contain large volumes

of such sediments that could trap potential reservoir sands mentioned above.

Traps. The Cenozoic compressive anticlines that are widespread on the mid-Norwegian
(Vering) margin form both structural traps with four-way dip closure and combined
structural-stratigraphic traps related to their effect on depositional patterns (Doré and Lundin
1996). However, drilling on some of the domes has so far not been successful. The plays
mentioned above related to sand injectites and contourites are eventually associated with
stratigraphic traps.
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Figure captions

Figure 1: (A) Regional North Atlantic-Arctic setting and location of study area. (B) Study
area with outline of the Norwegian Sea Oceanic Basin and Prograded Margins Composite
Tectono-Sedimentary Element. Outline of other CTSE’s also shown. Topography and
bathymetry from IBCAO (Jakobsson et al. 2020) and oceanic structure based on Abdelmalak
et al. (2023). Bj, Bjagrngya; FS, Fram Strait; EGFZ, East Greenland Fracture Zone; GIFR,
Greenland-Iceland-Faroe Ridge; KB, Kolbeinsey Ridge; Kfj, Kongsfjorden; KR, Knipovich
Ridge; LVM, Lofoten-Vesteralen Margin; NC, Norwegian Channel; £R, Agir Ridge.

Figure 2: Breakup-related volcanics underlying the prograded margins (Gernigon et al. 2021).
Outline of the Norwegian Sea Oceanic Basin and Prograded Margins CTSE. Oceanic
structure based on Abdelmalak et al. (2023). Also shown are Cenozoic domes/arches
(Gernigon et al. 2021), Cenozoic sediment drifts (Bjordal-Olsen 2023) and location of
profiles in Figs. 5 and 8. BeD, Bellsund Drift; Bj, Bjgrngya; BrD, Bjegrngyrenna Drift; FS,
EGFZ, East Greenland Fracture Zone; HHA, Helland-Hansen Arch; HMMYV, Hakon Mosby
Mud Volcano; ID, Isfjorden Drift; IMC, Jan Mayen Corridor; JMFZ, Jan Mayen Fracture
Zone; Kfj, Kongsfjorden; KR, Knipovich Ridge; LD, Lofoten Drift; LVM, Lofoten-
Vesteralen Margin; MA, Modgun Arch; ND, Naglfar Dome; NC, Norwegian Channel; NyD,
Nyk Drift; OLD, Ormen Lange Dome; SD, Sklinnadjupet Drift; VD, Vema Dome; VeD,
Vesteralen Drift; VVP, Vestbakken Volcanic Province; WSD, West Shetland Drift; £R,
/gir Ridge.

Figure 3: Data coverage. (A) Location of exploration wells and scientific/shallow
stratigraphic boreholes. Key wells are highlighted and labelled. Location of heat flow
measurements also shown; (B) Seismic data — regional 2D seismic reflection profiles in thin
grey lines, 3D seismic cubes in colour polygons, thick red lines show deep seismic refraction
data. CTSE outline shown in both maps. Oceanic structure based on Abdelmalak et al.
(2023). EGFZ, East Greenland Fracture Zone; JMFZ, Jan Mayen Fracture Zone; KR,
Knipovich Ridge; £R, Aqgir Ridge.

Figure 4: Tectono-stratigraphic summary for the Norwegian Sea Oceanic Basin and

Prograded Margins CTSE. Chronostratigraphy based on the ICS International
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Chronostratigraphic Chart v2022/10 (Cohen et al. 2013; updated:;
http://www.stratigraphy.org/ICSchart/ChronostratChart2022-10.pdf). (1) Lithostratigraphy

mid-Norwegian margin (Dalland et al. 1988); (2) Lithostratigraphy SW Barents Sea margin
(Eidvin et al. 2022); (3) Seismic stratigraphy for the western Barents Sea-Svalbard margin
based on Faleide et al. (1996) with ages updated in accordance with Knies et al. (2009) and
Alexandropoulou et al. (2021). Also shown are the main hydrocarbon play elements for the
CTSE. See text for more details.

Figure 5: Regional profiles across the Mare-Vgring margins highlighting the post-breakup
succession. Profile A based on Martinsen et al. (1999) and Nygard et al. (2005). Profile B
based on Gernigon et al. (2021) and Hjelstuen and Andreassen (2015). Profiles C-E based on
Gernigon et al. (2021). Profile locations shown in Figs. 2, 6 and 7.

Figure 6: Sediment thickness maps. (A) Thickness of pre-glacial (Eocene-Pliocene)
sediments (compilation based on Funck et al. 2017, Maystrenko et al. 2017, Lasabuda et al.
2018b, Zastrozhnov et al. 2020, Gernigon et al. 2021 and Meza-Cala et al. 2021, in addition
to in-house data). (B) Thickness of latest Pliocene-Pleistocene glacial sediments forming
large trough mouth fans (TMF) deposited in front of bathymetric troughs on the Barents Sea,
mid-Norwegian and northern North Sea shelves (based on Hjelstuen and Sejrup 2021). Also
shown are location of profiles in Figs. 5 and 8. EGFZ, East Greenland Fracture Zone; IMFZ,
Jan Mayen Fracture Zone; KR, Knipovich Ridge; LVM, Lofoten-Vesteralen Margin; NC,
Norwegian Channel; £R, Agir Ridge. Histogram-equalized colour scales are used in each

panel for the best colour representation and visualization.

Fig. 7: Location of Quaternary slides along the NE Atlantic margin (Hjelstuen et al. 2007;
Safronova et al. 2017). (1) BFSC II; (2) BFSC I; (3) BFSC IllI; (4) Slide A; (5) Slide S; (6)
Bjarngya Slide; (7) Andgya Slide; (8) Traenadjupet Slide; (9) Storegga Slide; (10)
Sklinnadjupet Slide; (11) Meare Slide; (12) Tampen Slide; (13) SFU3; (14) LS-1; (15) SFU1.

Also shown are CTSE outline and location of profiles in Figs. 5 and 8.
Figure 8: Regional profiles across the western Barents Sea-Svalbard margin highlighting the

post-breakup succession. Profile A based on Faleide et al. (1993, 1996). Profile B based on

unpublished seismic interpretation. Profile C based on Hjelstuen et al. (2007). Profile D
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based on unpublished seismic interpretation. Profile E is based Ljones et al. (2004). Seismic

stratigraphy shown in Fig. 4. Profile locations shown in Figs. 2, 6 and 7.
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Figure 1: (A) Regional North Atlantic-Arctic setting and location of study area. (B) Study area with outline of the
Norwegian Sea Oceanic Basin and Prograded Margins Composite Tectono-Sedimentary Element. Outline of other CTSE’s
also shown. Topography and bathymetry from IBCAO (Jakobsson et al. 2020) and oceanic structure based on Abdelmalak
et al. (2023). Bj, Bjgrngya; FS, Fram Strait; EGFZ, East Greenland Fracture Zone; GIFR, Greenland-Iceland-Faroe Ridge; KB,
Kolbeinsey Ridge; Kfj, Kongsfjorden; KR, Knipovich Ridge; LVM, Lofoten-Vesteralen Margin; NC, Norwegian Channel; £R,
/Agir Ridge.
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Figure 2: Breakup-related volcanics underlying the prograded margins (Gernigon et al. 2021). Outline of the Norwegian
Sea Oceanic Basin and Prograded Margins CTSE. Oceanic structure based on Abdelmalak et al. (2023). Also shown are
Cenozoic domes/arches (Gernigon et al. 2021), Cenozoic sediment drifts (Bjordal-Olsen 2023) and location of profiles in
Figs. 5 and 8. BeD, Bellsund Drift; Bj, Bjgrngya; BrD, Bjgrngyrenna Drift; FS, EGFZ, East Greenland Fracture Zone; HHA,
Helland-Hansen Arch; HMMV, Hakon Mosby Mud Volcano; ID, Isfjorden Drift; IMC, Jan Mayen Corridor; JMFZ, Jan Mayen
Fracture Zone; Kfj, Kongsfjorden; KR, Knipovich Ridge; LD, Lofoten Drift; LVM, Lofoten-Vesteralen Margin; MA, Modgun
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Figure 3: Data coverage. (A) Location of exploration wells and scientific/shallow stratigraphic boreholes. Key wells are
highlighted and labelled. Location of heat flow measurements also shown; (B) Seismic data — regional 2D seismic
reflection profiles in thin grey lines, 3D seismic cubes in colour polygons, thick red lines show deep seismic refraction

data. CTSE outline shown in both maps. Oceanic structure based on Abdelmalak et al. (2023). EGFZ, East Greenland
Fracture Zone; JMFZ, Jan Mayen Fracture Zone; KR, Knipovich Ridge; £R, &gir Ridge.
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Figure 4: Tectono-stratigraphic summary for the Norwegian Sea Oceanic Basin and Prograded Margins CTSE.
Chronostratigraphy based on the ICS International Chronostratigraphic Chart v2022/10 (Cohen et al. 2013; updated;
http://www.stratigraphy.org/ICSchart/ChronostratChart2022-10.pdf). (1) Lithostratigraphy mid-Norwegian margin (Dalland
et al. 1988); (2) Lithostratigraphy SW Barents Sea margin (Eidvin et al. 2022); (3) Seismic stratigraphy for the western
Barents Sea-Svalbard margin based on Faleide et al. (1996) with ages updated in accordance with Knies et al. (2009) and
Alexandropoulou et al. (2021). Also shown are the main hydrocarbon play elements for the CTSE. See text for more details.
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Figure 5: Regional profiles across the Mgre-Vgring margins highlighting the post-breakup succession. Profile A
based on Martinsen et al. (1999) and Nygard et al. (2005). Profile B based on Gernigon et al. (2021) and Hjelstuen
and Andreassen (2015). Profiles C-E based on Gernigon et al. (2021). Profile locations shown in Figs. 2, 6 and 7.
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Figure 6: Sediment thickness maps. (A) Thickness of pre-glacial (Eocene-Pliocene) sediments (compilation based on
Funck et al. 2017, Maystrenko et al. 2017, Lasabuda et al. 2018b, Zastrozhnov et al. 2020, Gernigon et al. 2021 and
Meza-Cala et al. 2021, in addition to in-house data). (B) Thickness of latest Pliocene-Pleistocene glacial sediments
forming large trough mouth fans (TMF) deposited in front of bathymetric troughs on the Barents Sea, mid-Norwegian
and northern North Sea shelves (based on Hjelstuen and Sejrup 2021). Also shown are location of profiles in Figs. 5
and 8. EGFZ, East Greenland Fracture Zone; JMFZ, Jan Mayen Fracture Zone; KR, Knipovich Ridge; LVM, Lofoten-
Vesteralen Margin; NC, Norwegian Channel; £R, Zgir Ridge. Histogram-equalized colour scales are used in each panel
for the best colour representation and visualization.
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Fig. 7: Location of Quaternary slides along the NE Atlantic margin (Hjelstuen et al. 2007; Safronova et al. 2017). (1) BFSC
II; (2) BFSC I; (3) BFSC IlI; (4) Slide A; (5) Slide S; (6) Bjgrngya Slide; (7) Andgya Slide; (8) Traenadjupet Slide; (9) Storegga
Slide; (10) Sklinnadjupet Slide; (11) Mgre Slide; (12) Tampen Slide; (13) SFU3; (14) LS-1; (15) SFU1. Also shown are CTSE
outline and location of profiles in Figs. 5 and 8.
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Figure 8: Regional profiles across the western Barents Sea-Svalbard margin highlighting the post-breakup
succession. Profile A based on Faleide et al. (1993, 1996). Profile B based on unpublished seismic interpretation.
Profile C based on Hjelstuen et al. (2007). Profile D based on unpublished seismic interpretation. Profile E is based
Ljones et al. (2004). Seismic stratigraphy shown in Fig. 4. Profile locations shown in Figs. 2, 6 and 7.
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