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Abstract
Reprocessed, regional, 2D seismic reflection profiles, 3D seismic volumes and 
well data (exploration and shallow boreholes), combined with 2D structural res-
torations and 1D backstripping were used to study the post-salt evolution of the 
Nordkapp Basin in Barents Sea. The post-salt evolution took place above a pre-salt 
basement and basin configuration affected by multiple rift events that influenced 
the depositional facies and thickness of Pennsylvanian-lower Permian-layered 
evaporite sequence. Initially, regional mid-late Permian extension reactivated 
pre-salt Carboniferous faults, caused minor normal faulting in the Permian 
strata and triggered slight salt mobilization towards structural highs. The main 
phase of salt mobilization occurred during earliest Triassic when thick and rap-
idly prograding sediments entered from the east into the Nordkapp Basin. In 
the early-mid-Triassic, the change in the direction of progradation and sediment 
entry-points shifted to the NW led to rotation of the earlier-formed mini-basins 
and shift of dominant salt evacuation direction to the south. The prograding 
sediment influx direction, sediment transport velocity and thickness influenced 
the dynamics of the early to late passive diapirism, salt expulsion and depletion 
along the strike of the basin. The basin topography resulting from salt highs 
and mini-basin lows strongly affected the Triassic progradational fairways and 
determined the distinct sediment routing patterns. Minor rejuvenation of the 
salt structures and rotation of the mini-basins took place at the Triassic–Jurassic 
transition, due to far-field stresses caused by the evolving Novaya Zemlya fold-
and-thrust belt to the east. This rejuvenation influenced the sediment dispersal 
routings and caused formation of dwarf secondary mini-basins. The second and 
main rejuvenation phase took place during likely early-mid-Eocene when propa-
gated far-field stresses from the transpressional Eurekan/Spitsbergen orogeny 
to the NW inverted pre-salt normal faults, reactivated the structural highs and 
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1  |   INTRODUCTION

Layered evaporite sequence (LES) of Pennsylvanian to 
early Permian age is observed in large parts of the Barents 
Sea and is considered to be deposited under shallow water 
and arid climate conditions at a paleo-latitude of ca. 30° N 
(e.g. Larssen et  al.,  2002; Stemmerik,  2000). The thickest 
LES is located in tectonically isolated extensional basins, 
including the Nordkapp, Tiddlybanken and Ottar basins 
(Figure  1a; Gabrielsen et  al.,  1990; Hassaan et  al.,  2021a; 
Rowan & Lindsø, 2017). The formation of these basins was 
likely related to the collapse of the Caledonian orogen dur-
ing the late Devonian and subsequent late Devonian  -early 
Carboniferous NW-SE and late Carboniferous NE-SW 
oriented regional extension episodes together with regional 
thermal subsidence conditions (e.g. Gernigon et al., 2018; 
Rowan & Lindsø, 2017). The Nordkapp Basin is a com-
posite elongated basin with a NW-SE strike that comprises 
three main segments, that is, the northeastern (NENB), 
central (CNB) and southwestern (SWNB). The Nordkapp 
Basin has a prominent dog-leg shape and is ca. 350  km 
long and ca. 25–87  km wide (Figure  1a). It contains salt 
pillows, anticlines, walls and stocks that influence the 
thickness and distribution of the late Permian to Cenozoic 
strata (Hassaan et al., 2021b; Rojo et al., 2019). Several stud-
ies have investigated the growth of salt structures in the 
Nordkapp Basin during Mesozoic and their impact on the 
post-salt sedimentary evolution (Grimstad,  2016; Jensen 
& Sørensen, 1992; Koyi et al., 1993, 1995; Rojo et al., 2019; 
Rojo & Escalona, 2018; Rowan & Lindsø, 2017). However, 
these studies were hampered by the low seismic resolution 
at depth of the available data sets and have overlooked ele-
ments related to the LES distribution and pre-salt evolution.

In the current study, we use several vintage and repro-
cessed 2D regional seismic reflection profiles, 3D seismic 
data, a new pseudo-3D seismic data cube and available 
wells (exploration and shallow stratigraphic boreholes; 
Figure  1b). The aim is to comprehend the interplay be-
tween the considerable sediment progradation arriving 
from the east mainly during the Triassic, the laterally vary-
ing LES, and the pre-salt rift architecture in the Nordkapp 
Basin. Through structural and stratigraphic analyses, 2D 
kinematic structural restoration and 1D backstripping, we 

focus on the following: (i) the interplay between base-salt 
rift architecture and sediment progradation, (ii) triggering 
mechanisms for salt mobilisation and rejuvenation of the 
salt structures and (iii) the distribution and evolution of 
depocenters together with the formation of depositional 
fairways and sediment routing patterns associated with 
salt evacuation from the LES.

The current study provides the concurrent elabora-
tion of the post-salt stratigraphy and tectonic evolution 
following the study of the deep basin development and 
the establishment of the pre-salt rift architecture and LES 
accumulations by Hassaan et al.  (2021b) using the same 
seismic and well data sets. In conjunction, both studies 
comprise one of the few cases worldwide where improved 
resolution data sets and integrated analyses contribute to a 
holistic anatomy of a salt-influenced rift basin.

2  |   GEOLOGICAL SETTING

The Paleozoic evolution of the greater Barents Sea has 
been influenced by the structural fabric of the NW-SE 

rejuvenated the salt structures. The studied processes and study outcomes can be 
applicable to other evaporite-dominated basins worldwide.

K E Y W O R D S

Barents Sea, base-salt relief, differential loading, mini-basin rotation, Nordkapp Basin, 
rejuvenation, salt tectonics, sediment progradation

Highlights

•	 Interplay between pre-salt rift architecture, 
layered evaporite sequence and prograding 
sediments.

•	 Dependence of salt expulsion and depletion on 
sediment progradation direction, velocity and 
thickness.

•	 Diachronous salt evacuation and passive dia-
pirism along the strike of Nordkapp Basin from 
NE to SW.

•	 Rotation of mini-basins due to sediment pro-
gradation and far-field stresses is observed.

•	 Rejuvenation of salt structures during the  
Triassic–Jurassic transition and early-mid-​Eocene.



3258  |    
EAGE

HASSAAN et al.

trending Timanian orogeny of late Neoproterozoic age 
(e.g. Barrère et  al.,  2009, 2011; Faleide et  al.,  2018; 
Gabrielsen,  1984; Gee et  al.,  2006; Pease et  al.,  2016; 
Schiffer et  al.,  2020) and by the Caledonian orogeny of 
Silurian-Devonian age that contributed to NE-SW and 
NNW-SSE trending basement-inherited structures (e.g. 
Gernigon & Brönner, 2012; Rice et al., 1989; Roberts, 1972; 
Roberts & Gee, 1985). Previous studies have proposed that 
the late Devonian–Mississippian extensional collapse 
of the Caledonian orogen along the inherited NE-SW to 
NW-SE basement structures has influenced the develop-
ment of the Nordkapp Basin (Breivik et al., 1995; Dengo 
& Røssland,  1992; Faleide et  al.,  1993, 2008; Gabrielsen 
et al., 1990; Gernigon et al., 2014; Gudlaugsson et al., 1998; 
Marello et  al.,  2013; Ritzmann & Faleide,  2007). The 
NW-SE trending Carboniferous graben structures in the 
southeastern Norwegian Barents Sea extend to the CNB 
and SWNB segments of the Nordkapp Basin following 
the inherited Timanian structures (Hassaan et al., 2020). 
Recently, Hassaan et al. (2021b) showed that the spatially 
variable Timanian-  and Caledonian-inherited structures 
were overprinted by NE-SW oriented late Devonian-early 
Carboniferous and NW-SE oriented late Carboniferous 

extension and gave rise to seven sub-basins separated by 
interbasin transfer zones in the Nordkapp Basin. During 
the Pennsylvanian-early Permian, an LES accumulated 
under warm and arid climate conditions in the Norwegian 
Barents Sea (Larssen et al., 2002), and it comprises both 
mobile (i.e. halite) and non-mobile (i.e. anhydrite, car-
bonates) lithologies (Hassaan et  al.,  2020, 2021b; Rojo 
et al., 2019; Rowan & Lindsø, 2017). In the mid-Permian, 
the shift of depositional environment to temperate condi-
tions allowed the formation of cool-water carbonate plat-
form deposits (Beauchamp, 1994; Stemmerik, 2000).

During the Triassic, regional thermal subsidence con-
ditions prevailed and a prograding system comprising 
of several cycles of transgressive-regressive marine, del-
taic and continental clastic sediments derived from the 
southeast Urals covered the Barents Sea (Eide et al., 2018; 
Glørstad-Clark et  al.,  2010; Klausen et  al.,  2015). It has 
been suggested that the salt mobilisation in the Nordkapp 
Basin was triggered either by early Triassic thick-skinned 
extension (Jensen & Sørensen, 1992; Koyi et al., 1993, 1995; 
Nilsen et al., 1995; Rojo et al., 2019; Rojo & Escalona, 2018) 
and/or by the loading of Triassic progradation towards 
NW (Dengo & Røssland,  1992; Grimstad,  2016; Rojo 

F I G U R E  1   (a) Main structural elements of the southwestern and southeastern Norwegian Barents Sea (modified from Hassaan 
et al., 2020; Mattingsdal et al., 2015) and study area denoted by the red polygon. BS, Barents Sea; CBA, Central Barents Arch; HD, Haapet 
Dome; HFB, Hammerfest Basin; HFC, Hoop Fault Complex; LH, Loppa High; MB, Maud Basin; MH, Mercurius High; MIC, Mjølnir 
Impact Crater; ND, Norvarg Dome; NZ, Novaya Zemlya; OB, Ottar Basin; SD, Samson Dome; SG, Swaen Graben; SHD, Signalhorn Dome; 
Sv, Svalbard; TKFZ, Trollfjorden-Komagelva Fault Zone, TPB, Timan-Pechora Basin; VP, Varanger Peninsula. (b) Used seismic reflection 
data sets, exploration wells and shallow boreholes (Bugge et al., 1995), overlaid on the main structural elements; study area denoted by red 
polygon. Seismic data courtesy of NPD and TGS 
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et al., 2019; Rowan & Lindsø, 2017). During the Triassic–
Jurassic transition, westward-propagating compressional 
stress from the evolving Novaya Zemlya fold-and-thrust 
belt reactivated the Carboniferous structural elements in 
the Barents Sea (Hassaan et  al.,  2020, 2021a; Indrevær 
et al., 2018; Müller et al., 2019). In the Nordkapp Basin, 
thinning of the lower Cretaceous strata towards the salt 
diapirs has been associated with structural growth caused 
by the salt supply from the source layer (Koyi et al., 1993, 
1995; Rojo & Escalona, 2018) or as gravity-induced con-
traction (Nilsen et  al.,  1995). During the Cenozoic, the 
Carboniferous structures in the southeastern Norwegian 
Barents Sea were likely reactivated by far-field stresses 
propagating from the Eurekan orogeny (Gabrielsen 
et al., 1997; Gac et al., 2020; Hassaan et al., 2020). Finally, 
the Cenozoic uplift and related pre-glacial and Plio-
Pleistocene glacial erosion have removed most of the late 
Cretaceous to Cenozoic strata in the Nordkapp Basin (Baig 
et  al.,  2016; Henriksen et  al.,  2011; Lasabuda, Laberg, 
Knutsen, & Høgseth,  2018; Lasabuda, Laberg, Knutsen, 
& Safronova, 2018; Rojo et al., 2019; Tsikalas et al., 2012).

3  |   DATA AND METHODS

3.1  |  Stratigraphic and structural 
interpretation

The seismic database comprises conventional, 2D, multi-
channel, seismic reflection profiles, 12 3D seismic sur-
veys and 1 pseudo-3D seismic cube covering an area 
of 51,500  km2 along the studied structural elements 
the Nordkapp Basin, Norsel High and Veslekari Dome 
(Figure 1b; Table 1a). An additional surrounding region 
(95,400  km2) has been interpreted to comprehend the 
interplay between the regional tectonics, basin configu-
ration and Triassic progradation. Concerning the repro-
cessed and the pseudo-3D seismic data sets, it is the first 
time these become available to academia. The study used 
sequence stratigraphy principles (Catuneanu et al., 2011), 
growth strata and reflection termination to understand 
basin infill history of the Nordkapp Basin. Twelve ex-
ploration wells along with shallow boreholes (Bugge 
et al., 1995) have been used to establish the well-to-seismic 
ties and time-to-depth conversion and to guide seismic 
interpretation (Figure  1). The formation well-tops were 
used to create the litho- and chrono-stratigraphic scheme 
shown in Figure 2. Twelve seismic sequences bounded by 
twelve seismic horizons sub-divided the upper Palaeozoic 
to Cenozoic strata. In particular, the Triassic successions 
were sub-divided into higher-order chronostratigraphic 
sequences following the schemes by Glørstad-Clark 
et  al.  (2010) and Klausen et  al.  (2015). Seismic sections 

from the reprocessed NBR-CFI and BSSE14-RE seismic 
surveys (very good/excellent seismic resolution) were 
used for detailed structural and stratigraphic analyses 
(Table 1b). The salt structures were interpreted in three 
dimensions using the multi-z interpretation tool (Petrel 
v.2019, Schlumberger). Furthermore, regional post-
salt time-thickness maps were constructed to illustrate 
the lateral and vertical configuration of the interpreted 
stratigraphic sequences, and to compare the tectono-
stratigraphic evolution between the Nordkapp Basin and 
its surrounding regions. The same analysis elucidates 
the salt evacuation from the different segments over the 
geological time and its relation to the pre-salt structural 
configuration.

3.2  |  2D structural restoration and 1D 
backstripping

Selected seismic sections were converted into depth do-
main and then used to conduct 2D structural restoration 
(Move v.2019.1, Petroleum Experts). The depth conver-
sion was based on velocity information from six wells 
(Table  2) and is associated with some uncertainties due 
to lack of well ties in the unexplored CNB and NENB 
Nordkapp Basin segments (Figure  1a). These uncertain-
ties are related to changes in interval velocities caused 
by lateral lithological variations and diagenesis, and to 
the less known velocities of deeply buried strata in the 
mini-basins. The aim of the structural restoration of key 
seismic sections was to illustrate the temporal post-salt 
evolution of the Nordkapp Basin. Structural restoration 
comprised a combination of successive modelling steps. 
These included decompaction, unfolding by flexural slip, 
and move-on-fault algorithms to restore the interpreted 
complex geometries and salt structures, following the es-
tablished restoration workflows for salt-related deforma-
tion by Rowan and Ratliff (2012). Eroded post-Cretaceous 
strata were reconstructed based on the net erosion esti-
mates for the area by Baig et al. (2016). Within the mod-
elling context, the Bjarmeland and Finnmark platforms 
were defined as representing regional levels where no sig-
nificant salt mobilisation occurred due to the presence of 
non-mobile LES (Hassaan et al., 2021b; Rojo et al., 2019; 
Rowan & Lindsø, 2017).

In more detail for the performed modelling steps, de-
compaction was performed by using well-accepted ini-
tial porosity, compaction coefficient and sediment grain 
density parameters for typical lithological (sand, silt, 
clay) percentages (e.g. Bjørlykke et  al.,  2004; Mondol 
et al., 2007; Sclater & Christie, 1980) that were gathered 
through the available well-log interpretation for each se-
quence (Table  3). The decompaction step removes the 
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T A B L E  1   (a) Used seismic reflection data sets (TWT, two-way travel time); (b) Calculated vertical seismic resolution for the reprocessed 
BSSE14RE and CFI-NBR surveys (very good/excellent seismic resolution) that were mainly used for interpretations on selected seismic 
sections (Figures 7–12) and 2D structural sequential restoration

(a)

Survey 3D/2D Year
Acquisition company/
authority

Record time 
(TWT, s)

Study area coverage 
(3D/km2, 2D/km) Resolution

J18-NBR-3D Pseudo-3D 2018 TGS 6 ca. 146,900 Very good/excellent

NKFE11 3D 2011 TGS 7 ca. 5,937 Very good/excellent

BG0804 3D 2008 BG Group 5 ca. 652 Very good/excellent

ED16001 3D 2016 Edison Norge 6 ca. 1,514 Good

MC3D 3D 2003 WesternGeco/TGS 4.5 ca. 1,056 Good

SH9102 3D 2010 Norsk Shell 5 ca. 569 Moderate

ST309 3D 2004 Equinor 6.5 ca. 1,954 Good

ST0624 3D 2008 Equinor 12 ca. 836 Moderate

ST0811 3D 2010 Equinor 7.4 ca. 1,077 Good

ST0828 3D 2009 Equinor 4.2 ca. 1,061 Very good/excellent

ST9403 3D 2002 Equinor 5.4 ca. 1,036 Very good/excellent

ST10011 3D 2010 Equinor 6.5 ca. 2,466 Moderate

ST10012 3D 2011 Equinor 4.5 ca. 667 Very good/excellent

BSSE14-RE 2D 2014 NPD/TGS 9 ca. 18,305 Very good/excellent

CFI-NBR 2D 2018 TGS 10 ca. 28,270 Very good/excellent

NPD-BA-11 2D 2011 NPD 9 ca. 18,305 Moderate

IS-CNB-01 2D 2001 Inseis AS 8 ca. 2,966 Good

IS-CNBE-06 2D 2006 Inseis AS 9.8 ca. 535 Good

NBR-06 2D 2006 NPD 10 ca. 4,245 Moderate

NBR-07 2D 2007 NPD 10 ca. 4,560 Moderate

NBR-08 2D 2008 NPD 10 ca. 9,330 Moderate

NBR-09 2D 2009 NPD 10 ca. 4,650 Moderate

NBR-10 2D 2010 NPD 10 ca. 2,690 Moderate

NBR-12 2D 2012 NPD 10 ca. 9,825 Good

NBR-14 2D 2014 NPD 6 ca. 7,200 Moderate

BARE-02 2D 2002 NPD/TGS 6 ca. 4,785 Poor

BARE-05 2D 2005 NPD 6 ca. 2,405 Poor

BSS01 2D 2001 TGS 8 ca. 4,967 Moderate

TTR84R1 2D 1984 NPD 6 ca. 2,938 Moderate

(b)

Zone
Frequency 
(Hz) (F)

Interval velocity 
(m/s) (V)

Wavelength 
(m) (λ = V/F)

Vertical resolution 
(m) (λ/4)

Shallow Cretaceous to Jurassic 50 2,335 47 12

Intermediate Triassic 30 4,000 133 33

Deep Permian to Pennsylvanian 15 6,280 419 105

20 6,280 314 79

Mississippian 15 4,960 331 83

20 4,960 248 62
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effect of burial compaction through time and displays the 
temporal variations in sequence thickness. The modelling 
incorporated Airy isostatic compensation during each 
decompaction step to quantify and remove the effects of 
differential loading and basin subsidence on the base-
ment adjustments. Subsequently, the decompacted strata 
were unfolded to the regional level by using the flexural 
slip algorithm (Move v.2019.1, Petroleum Experts). Paleo-
water depths were not included in the modelling due to 
lack of relevant data in the NENB and CNB segments. 
Nevertheless, paleo-water depth levels were calculated to 
be <300 m within the Nordkapp Basin (Rojo et al., 2019) 
and, thus, accompanying maximum errors resulting from 
neglecting palaeowater depths in the modelling are of the 
same order.

1D backstripping was performed on the selected lo-
cations at the Finnmark and Bjarmeland platforms, 
and within the Nordkapp Basin segments (i.e. NENB, 
CNB and SWNB) to estimate the paleo-thicknesses and 
paleo-sediment accumulation rates of the sequences 
S1–S5. The sedimentation rate curves help to establish 
a link between the regional progradation and sediment 
accumulation and to illustrate the differences between 
the sediment accumulation on the margin and interior 
basin. The curve fluctuations within the individual basin 

segment highlight the mini-basins subsidence processes 
that were strongly influenced by salt tectonics. The 
present-day thicknesses of the post-salt sequences were 
gathered by using the same depth converted seismic sec-
tions for 2D sequential structural restoration. Similarly, 
the addition of eroded post-Cretaceous strata is based on 
the net erosion estimates by the Baig et al.  (2016). The 
input mechanical compaction parameters (i.e. initial po-
rosity, compaction coefficient and sediment grain den-
sity) are based on the lithological interpretation of each 
sequence (Tables 2 and 3). The sediment accumulation 
rate of the sequences S1–S5 were calculated as the paleo-
thickness (decompacted) divided by the depositional age 
(Myr) of the individual sequence (S1-2.1, S2-8.3, S3-26.5, 
S4-50 and S5-20 Myr).

4  |   RESULTS

4.1  |  Basin configuration and salt 
structures

In this section, we provide a brief overview of the es-
tablished deep basin configuration and salt structure 
characteristics as elucidated by Hassaan et  al.  (2021b); 

F I G U R E  2   Stratigraphic framework and key seismic horizons interpreted throughout the study area based on twelve exploration 
wells (Figure 1). Regional stratigraphy and depositional environment scheme is based on Larssen et al. (2002) modified after Gernigon 
et al. (2018) and Rojo et al. (2019) and geologic timescale after Gradstein and Ogg (2020). GP: (stratigraphic) group. The seismic-
stratigraphic framework is also tied to earlier chrono-stratigraphic schemes for Triassic successions by Glørstad-Clark et al. (2010) and 
Klausen et al. (2015). TWT, two-way travel time
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Figure  3 illustrates the established abbreviations and 
informal naming (Table  4). The overview provides the 
seamless connection to the post-salt evolution of the 
Nordkapp Basin worked out in this study. The Nordkapp 
Basin evolved over heterogeneous basement composi-
tion and topography as revealed by the available mag-
netic data (Gernigon et al., 2018; Hassaan et al., 2021b). 
The so-called Middle Allochthon Front represents an 
amalgamation of thrust units and separates the contrast-
ing Timanian and Caledonian inherited structures at 
the CNB Nordkapp Basin segment (Figure  4a; Hassaan 
et  al.,  2021b). The rheological properties, locations, ori-
entations and interaction between the Timanian and 
Caledonian inherited structures promoted the zones of 
weakness that controlled the basin initiation during the 
late Devonian-early Carboniferous and late Carboniferous 
extensional phases (Hassaan et al., 2021b). The base-salt 
surface at Top Serpukhovian level shows distinct struc-
tural relief in the different segments (NENB, CNB and 
SWNB) of the Nordkapp Basin (Figure 3a). The three seg-
ments are separated by the northern transfer zone (NTZ) 
and southern transfer zone (STZ) and are further sub-
divided into seven sub-basins SB1-7 (Figure 3b). The evo-
lution of the Nordkapp Basin is controlled by the NW–SE, 
E–W and NE-SW striking master faults, structural highs 
and basin boundary fault complexes (Figure 3b; Hassaan 
et  al.,  2021b). It is noteworthy that the configuration of 
the structural highs defines the location and orientation 
of the post-salt depocenters (Hassaan et al., 2021b; Pichel 
et al., 2019). The base-salt surface is shallow in sub-basins 
SB1 and SB4-7 in contrast to sub-basins SB2-3 (Figure 3a).

The multi-z salt model at top Gipsdalen (Figure 2) level 
illustrates the distribution of the salt structures in the 
Nordkapp Basin. These structures display a wide range 
of orientations, sizes, shapes and lateral extent and are 
largely controlled by pre-salt structural highs and lows (or 
topography) (Figure  3c; Table  4; Hassaan et  al.,  2021b). 
The distinct post-salt structural features, which include 
turtle structures, secondary welds, collided and dwarf sec-
ondary mini-basins, salt wings and megaflaps are all asso-
ciated to the salt structures (Figure 3c), as defined in other 
salt-bearing basins worldwide (Jackson & Hudec,  2017). 
In detail, the NENB segment contains the most extensive 
salt wall (SS1) in the basin, which also contains physically 
linked and isolated salt structures (e.g. SS2-7). The CNB 
segment contains the most prominent, irregularly shaped 
and voluminous salt structure of the Nordkapp Basin, 
informally termed the Dragon foot (DF) salt structure 
(based on its planform geometry; Hassaan et al.,  2021b) 
along with other linked and scattered salt structures (e.g. 
SS8-12). The SS13 salt structure is located above the anti-
thetic interbasin ridge (STZ). It is noteworthy that the salt 
structures SS14–30 in the SWNB segment are scattered. 

The estimated present-day evacuated mobile salt from the 
LES is thickest (ca. 4.4 km) in the SB2-3 sub-basins. Sub-
basin SB4 contains the least (ca. 0.9 km) evacuated mo-
bile salt, whereas sub-basins SB5-7 hold less mobile (ca. 
0.9–1.6 km) and thick residual LES (Figure 3c; Hassaan 
et al., 2021b).

4.2  |  Post-salt sequences

The post-salt seismic stratigraphy is highly variable and 
complex within the Nordkapp Basin. Salt diapirism, ex-
tension, contraction and regional uplift affected the lower-
upper Permian to Cenozoic strata. Below, we describe the 
detailed post-salt seismic stratigraphy, distinct geometries 
formed by salt–sediment interaction, salt evacuation, 
major sediment depocenters and paleo-sediment accumu-
lation rates based on isochron-thickness maps (Figure 5), 
1D backstripping (Figure  6) and a series of interpreted 
seismic sections (Figures 7–12).

4.2.1  |  Lower-upper Permian (sequence S0)

The lower-upper Permian sequence S0 consists of suc-
cessions belonging to the Bjarmeland and Tempelfjorden 
groups (Figure 2). Overall, the sequence is thin (ca. 105 ms 
twt/two-way travel time) in the NENB segment and above 
the Veslekari Dome, while it is upturned near the salt 
structures and is truncated by the lowermost Triassic se-
quence S1 (Figures 4b, 7 and 8). Sequence S0 appears to be 
tabular and homogeneous, and occasionally local thick-
ness variations can be observed on the Bjarmeland and 
Finnmark platforms near the carbonate build-ups. The 
sequence is gradually thickening (ca. 190–290 ms twt) to-
wards SW in the CNB and SWNB segments (Figures  9–
12). It is noteworthy that sequence S0 is thick within local 
depocenters and is thin and upturned in the proximity of 
salt structures in the SWNB segment (Figures 11b,c and 
12). The regional thickness map shows variations south of 
the Middle Allochthon Front within the CNB and SWNB 
segments (Figure 4b).

4.2.2  |  Lowermost Triassic (sequence S1)

The lowermost Triassic sequence S1 consists of the si-
liciclastic sediments of the Havert Formation (Induan). 
On a regional scale, the sediments thin from the east (ca. 
1,000  ms twt) to the SW (ca. 400  ms twt) and NW (ca. 
100  ms twt) within the study area (Figures  2 and 5a). 
The regional progradation from the east seems to inter-
fere with sediments prograding from mainland Norway 



      |  3263
EAGE

HASSAAN et al.

T
A

B
L

E
 2

 
C

al
cu

la
te

d 
av

er
ag

e 
an

d 
in

te
rv

al
 v

el
oc

ity
 fo

r d
ep

th
 c

on
ve

rs
io

n 
of

 th
e 

se
le

ct
ed

 se
is

m
ic

 se
ct

io
ns

 (O
W

T,
 o

ne
-w

ay
 tr

av
el

 ti
m

e;
 T

W
T,

 tw
o-

w
ay

 tr
av

el
 ti

m
e)

. F
or

 se
qu

en
ce

 a
nd

 h
or

iz
on

 
na

m
es

, r
ef

er
 to

 F
ig

ur
e 

2

Fo
rm

at
io

n 
to

ps
 a

nd
 

se
qu

en
ce

71
24

/3
-1

72
26

/1
1-

1
72

28
/2

-1
72

28
/1

-1
72

28
/9

-1
72

29
/1

1-
1

A
ve

ra
ge

 
ve

lo
ci

ty
 

(m
/s

)
In

te
rv

al
 

ve
lo

ci
ty

 (m
/s

)

D
ep

th
 (m

)
T

W
T

 
(m

s)
D

ep
th

 (m
)

T
W

T
 

(m
s)

D
ep

th
 (m

)
T

W
 

(m
s)

D
ep

th
 (m

)
T

W
T

 
(m

s)
D

ep
th

 (m
)

T
W

T
 

(m
s)

D
ep

th
 (m

)
T

W
T

 
(m

s)

T
hi

ck
ne

ss
 

(m
)

O
W

T
 

(m
s)

T
hi

ck
ne

ss
 

(m
)

O
W

T
 

(m
s)

T
hi

ck
ne

ss
 

(m
)

O
W

T
 

(m
s)

T
hi

ck
ne

ss
 

(m
)

O
W

T
 

(m
s)

T
hi

ck
ne

ss
 

(m
)

O
W

T
 

(m
s)

T
hi

ck
ne

ss
 

(m
)

O
W

T
 

(m
s)

To
p 

N
or

dl
an

d 
(S

ea
be

d)
27

2
41

4
23

7
36

7
34

9
49

4
35

1
51

2
27

8
43

0
28

3
43

2
1,

47
0*

C
re

ta
ce

ou
s

92
5

38
6

88
6

36
7

74
6

30
7

48
9

18
8

72
8

28
7

90
4

35
9

2,
49

0

To
p 

H
ek

ki
ng

en
 (B

C
U

)
1,

19
7

1,
18

7
1,

12
3

1,
10

2
1,

09
5

1,
10

8
84

0
88

7
1,

00
6

1,
00

3
1,

18
7

1,
15

0
2,

00
0

U
pp

er
 Ju

ra
ss

ic
48

19
47

14
96

38
47

19
43

16
83

26
2,

85
0

To
p 

St
ø 

(M
id

dl
e 

Ju
ra

ss
ic

)
1,

24
5

1,
22

4
1,

17
0

1,
13

0
1,

19
1

1,
18

3
88

7
92

4
1,

04
9

1,
03

4
1,

27
0

1,
20

1
2,

03
0

Se
qu

en
ce

 S
4 

(U
pp

er
 

Tr
ia

ss
ic

–L
ow

er
/M

id
dl

e 
Ju

ra
ss

ic
)

14
5

46
10

2
30

22
7

65
20

9
67

15
9

51
15

8
46

3,
31

0

To
p 

Sn
ad

d
1,

39
0

1,
31

6
1,

27
2

1,
18

9
1,

41
8

1,
31

2
1,

09
6

1,
05

8
1,

20
8

1,
13

6
1,

42
8

1,
29

2
2,

14
0

Se
qu

en
ce

 S
3 

(S
na

dd
 

fo
rm

at
io

n)
43

1
13

2
58

2
16

8
83

8
21

5
37

5
11

0
36

3
10

5
39

0
10

8
3,

52
0

To
p 

K
ob

be
1,

82
1

1,
58

0
1,

85
4

1,
52

4
2,

25
6

1,
74

3
1,

47
1

1,
27

9
1,

57
1

1,
34

5
1,

81
8

1,
50

7
2,

40
0

Se
qu

en
ce

 S
2 

(K
ob

be
 a

nd
 

K
la

pp
m

ys
s f

or
m

at
io

ns
)

73
7

21
4

1,
03

5
28

8
1,

27
5

33
8

1,
03

0
27

8
96

2
24

4
3,

69
0

To
p 

H
av

er
t

2,
55

8
2,

00
9

2,
88

9
2,

10
0

3,
53

1
2,

41
9

2,
60

1
1,

90
1

2,
78

0
1,

99
5

2,
75

0

Se
qu

en
ce

 S
1 

(H
av

er
t 

fo
rm

at
io

n)
77

3
18

6
96

4
22

8
1,

17
3

28
4

1,
07

3
24

6
4,

22
5

To
p 

Ø
rr

et
 (T

op
 P

er
m

ia
n)

3,
33

1
2,

38
1

3,
85

3
2,

55
6

3,
77

4
2,

46
8

3,
85

3
2,

48
6

3,
00

0

M
id

dl
e-

up
pe

r P
er

m
ia

n
76

3
14

4
45

5
87

44
6

94
40

2
68

5,
30

0

To
p 

Ø
rn

 (T
op

 S
al

t)
4,

09
4

2,
66

9
4,

30
8

2,
72

9
4,

22
0

2,
65

6
4,

25
5

2,
62

2
3,

15
0

Pe
nn

sy
lv

an
ia

n-
ea

rl
y 

Pe
rm

ia
n 

(s
yn

- t
o 

ea
rl

y 
po

st
-r

ift
 L

ES
)

4,
50

0

M
is

si
ss

ip
pi

an
–l

at
e 

D
ev

on
ia

n?
5,

50
0

D
ev

on
ia

n–
Pr

ec
am

br
ia

n
6,

00
0



3264  |    
EAGE

HASSAAN et al.

T
A

B
L

E
 3

 
In

te
rp

re
te

d 
lit

ho
lo

gi
es

 fr
om

 w
el

l l
og

s t
ha

t w
er

e 
us

ed
 to

 e
st

im
at

e 
de

co
m

pa
ct

io
n 

pa
ra

m
et

er
s f

or
 th

e 
2D

 st
ru

ct
ur

al
 se

qu
en

tia
l r

es
to

ra
tio

n 
an

d 
1D

 b
ac

ks
tr

ip
pi

ng
. F

or
 se

qu
en

ce
 a

nd
 

ho
ri

zo
n 

na
m

es
, r

ef
er

 to
 F

ig
ur

e 
2

R
oc

k 
ty

pe
 o

r 
lit

ho
lo

gy
Sa

nd
st

on
e

Sh
al

e
Li

m
es

to
ne

Sa
lt

In
iti

al
 p

or
os

ity
, φ

0 
(fr

ac
tio

n)
0.

49
0.

63
0.

51
0

C
om

pa
ct

io
n 

co
ef

fic
ie

nt
, c

 (k
m

−
1 )

0.
27

0.
51

0.
52

0

M
ea

n 
de

ns
ity

 o
f g

ra
in

s, 
ρ 

(k
g/

m
3 )

2,
65

0
2,

72
0

2,
71

0
2,

16
0

H
or

iz
on

Li
th

ol
og

y 
pe

rc
en

ta
ge

 (%
)

Fi
na

l d
ec

om
pa

ct
io

n 
pa

ra
m

et
er

s

Se
qu

en
ce

Sa
nd

st
on

e
Sh

al
e

Li
m

es
to

ne
Sa

lt
T

ot
al

 φ
0 

(f
ra

ct
io

n)
T

ot
al

 c
 (k

m
−

1 )
T

ot
al

 ρ
 (k

g/
m

3 )

To
p 

N
or

dl
an

d 
(S

ea
be

d)
Se

qu
en

ce
 S

7 
(P

al
eo

ce
ne

)
10

90
0

0
0.

62
0.

50
2,

71
3

To
p 

K
ol

m
ul

e 
(S

ea
be

d)
Se

qu
en

ce
 S

6 
(C

re
ta

ce
ou

s)
20

80
0

0
0.

6
0.

49
2,

70
6

To
p 

H
ek

ki
ng

en
 

(B
C

U
)

Se
qu

en
ce

 S
5 

(U
pp

er
 Ju

ra
ss

ic
)

0
10

0
0

0
0.

63
0.

51
2,

72
0

To
p 

St
ø 

(m
id

dl
e 

Ju
ra

ss
ic

)
Se

qu
en

ce
 S

4 
(U

pp
er

 T
ri

as
si

c–


Lo
w

er
/M

id
dl

e 
Ju

ra
ss

ic
)

80
20

0
0

0.
52

0.
41

2,
66

4

To
p 

Sn
ad

d
Se

qu
en

ce
 S

3 
(S

na
dd

 fo
rm

at
io

n)
50

50
0

0
0.

56
0.

45
2,

68
5

To
p 

K
ob

be
Se

qu
en

ce
 S

2 
(K

ob
be

 a
nd

 
K

la
pp

m
ys

s f
or

m
at

io
ns

)
50

50
0

0
0.

56
0.

45
2,

68
5

To
p 

H
av

er
t

Se
qu

en
ce

 S
1 

(H
av

er
t f

or
m

at
io

n)
20

80
0

0
0.

60
0.

49
2,

70
6

To
p 

Ø
rr

et
 (T

op
 

Pe
rm

ia
n)

M
id

dl
e-

up
pe

r P
er

m
ia

n
0

0
10

0
0

0.
51

0.
52

2,
71

0

To
p 

Ø
rn

 (T
op

 
Sa

lt)
Pe

nn
sy

lv
an

ia
n-

ea
rl

y 
Pe

rm
ia

n 
(s

yn
- 

to
 e

ar
ly

 p
os

t-r
ift

 L
ES

)
0

0
0

10
0

0
0

2,
16

0



      |  3265
EAGE

HASSAAN et al.

in the south (Figure 5a; Eide et al., 2018; Glørstad-Clark 
et  al.,  2010). Within the Nordkapp Basin, sequence S1 
shows drastic thickness variations (Figures 5a and 7c).

Adjacent to the NENB segment, the sediment accu-
mulation rates for sequence S1 show slight variations on 
the Finnmark (ca. 1,100–1,092  m/Myr) and Bjarmeland 
(ca. 1,019–1,146  m/Myr) platforms from the NE to the 
SW. However, a clear contrast can be observed within 
the NENB segment as the sediment accumulation rates 
increase sharply (ca. 1,366–2,479  m/Myr) (Figure  6a; 
Table 5a). Sequence S1 exhibits isopachous thickness over 
the Finnmark Platform and is characterized by parallel 
to inclined reflections that are offset by an NNW-dipping 
post-salt normal fault overlying an NE-SW oriented salt 
anticline (Figure 7a). Towards the axis of sub-basin SB1, 
sequence S1 forms a turtle structure, whereas the thick-
ness seems to be unaffected over the Veslekari Dome 
(Figure  7b). Farther SW, sequence S1 thickens dramati-
cally as evidenced by the formation of growth strata and 
shifting depocenters towards the NNW (Figure 7c). Within 
sub-basin SB2, three collided mini-basins separated by 

secondary welds are prominent. A thick-skinned NNW-
dipping reverse fault along a secondary weld separates 
two of the collided mini-basins and reaches the seafloor 
(Figure 8b, red arrow). The central mini-basin is bounded 
by the two secondary welds and shows growth strata to-
wards the NW, which led to the also accommodation of 
layers and wedge-shaped mini-basin strata in the lower 
and upper parts, respectively (Figure 8b). Farther to the 
SW, the mini-basin is rotated (around a horizontal axis) 
with southeastward tilt and shows bowl-  and wedge-
geometry (Figure 8c) (Jackson et al., 2020). The internal 
packages of sequence S1 thicken towards NW against SS4 
salt wall, whereas thinning and being truncated against 
the other side (Figure 8c).

Adjacent to the CNB segment, the sediment accumula-
tion rates of sequence S1 are higher over the Bjarmeland 
Platform (ca. 1,146–1,182  m/Myr) than the Finnmark 
Platform (ca. 1,058–1,125  m/Myr). Overall, the CNB seg-
ment seems to be a transition region between the NENB 
and SWNB segments as sediment accumulation rates grad-
ually decrease towards the SW (ca. 1,164–2,639  m/Myr) 

F I G U R E  3   Deep basin configuration and salt structure characteristics with established abbreviations and informal naming (modified 
from Hassaan et al., 2021b). (a) Time-thickness map (TWT, two-way travel time, ms) between the base-salt (top Serpukhovian) and regional 
level (based on Bjarmeland and Finnmark platforms) shows Pennsylvanian-early Permian LES accumulations controlled by pre-salt rift 
architecture before the salt mobilisation. (b) Master faults and structural highs arrangement. Sub-basins SB1-7 are illustrated with different 
colour rasters. Abbreviations refer to structural features shown in the legend and described in the text. (c) TWT (two-way travel time, ms) 
between the base-salt (top Serpukhovian) and top-salt (top Gipsdalen) displays salt evacuation from the Pennsylvanian-early Permian LES, 
salt structures and residual non-mobile evaporites in the different segments of the Nordkapp Basin. SHT, structural high Timanian. Inset, 
zoom-in of the Dragon foot (DF) salt structure showing its different segments (a–g) 
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T A B L E  4   Structural characteristics of the salt structures in the three Nordkapp Basin segments: northeastern (NENB), central (CNB) 
and southwestern (SWNB)

(a) Northeastern Nordkapp segment (NENB)

Salt structure 
(SS) Shape of SS

Lateral extent (km)

Axial ratio Type of SS OrientationLength Width

1 Elongated ca. 81 ca. 13.2 (SW), 
ca. 10.4 (NE)

6.86 Wall NW–SE

2 Elongated ca. 14.4 ca. 4.6 3.13 Wall NW–SE

3 Elongated ca. 27.7 ca. 7.6 3.64 Wall NW–SE

4 Elongated ca. 24.7 ca. 8.6 2.87 Wall NW–SE

5 Sub-circular ca. 8.5 ca. 5.2 1.63 Stock

6 Circular ca. 5.1 ca. 3.3 1.55 Stock

7 Circular ca. 5 ca. 4.9 1.02 Stock

(b) Central Nordkapp segment (CNB)

Salt structure 
(SS) Shape of SS

Lateral extent (km)

Axial ratio Type of SS OrientationLength Width

8 Sub-circular ca. 17.6 ca. 16.3 1.08 Stock

9 Sub-circular ca. 17.2 ca. 13.6 1.26 Stock

10 Elongated ca. 20.5 ca. 7.6 2.70 Wall NW–SE

11 Elongated ca. 14.3 ca. 6.8 2.10 Wall E–W

12 Sub-circular ca. 10.1 ca. 5.5 1.84 Stock

a: ca. 26.6 a: ca. 9.8 a: 2.71 Connected salt 
walls and stock

a: NNE–SSW

b: ca. 27.6 b: ca. 11.6 b: 2,38 b: NW–SE

c: ca. 19.3 c: ca. 7.1 c: 2.72 c: NW–SE

Dragon foot 
(DF)

Branched d: ca. 24.9 d: ca. 8.1 d: 3.07 d: NW–SE

e: ca. 33.4 e: ca. 8.6 e: 3.88 e: NNE–SSW

f: 23.2 (E–W) + 20.4 
(NW–SE) = ca. 43.6

f: ca. 7.4 f: 5.89 f: E–W to 
NW–SE

g: ca. 19.9 g: ca. 13.3 g: 1.50 g: NW–SE

13 Sub-circular ca. 11.2 ca. 6.9 1.62 Stock

(c) Southwestern Nordkapp segment (SWNB)

Salt structure 
(SS) Shape of SS

Lateral extent (km)

Axial ratio Type of SS OrientationLength Width

14 Sub-circular ca. 12.1 ca. 8.5 1.42 Stock

15 Elongated ca. 11.4 ca. 4.1 2.78 Wall N–S

16 Sub-circular ca. 5.7 ca. 4.9 1.16 Stock

17 Sub-circular ca. 5.2 ca. 4.7 1.11 Stock

18 Circular ca. 4.4 ca. 3.1 1.42 Stock

19 Elongated ca. 20.1 ca. 4.2 4.79 Wall NW–SE

20 Elongated and
elliptical

ca. 17.6 ca. 4.2 4.19 Wall NW–SE

21 Sub-circular ca. 8.7 ca. 5.1 1.71 Stock

(Continues)
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(c) Southwestern Nordkapp segment (SWNB)

Salt structure 
(SS) Shape of SS

Lateral extent (km)

Axial ratio Type of SS OrientationLength Width

22 Elongated ca. 18.6 ca. 3.8 4.89 Wall N–S

23 Elongated ca. 9.7 ca. 5.8 1.67 Stock ENE–WSW

24 Sub-circular ca. 4.3 ca. 4.0 1.08 Stock

25 Elongated and 
elliptical-L

17.8 (N–S) + 9.9 (E–
W) = ca. 27.7

ca. 5 5.54 Wall N–S to E–W

26 Sub-circular ca. 2.7 ca. 2.4 1.13 Stock

27 Sub-circular ca. 3.1 ca. 2.6 1.19 Stock

28 Elongated ca. 27.8 ca. 4.6 6.04 Wall NW–SE

29 Elongated ca. 9.1 ca. 3.1 2.94 Wall NW–SE

30 Sub-circular ca. 5.2 ca. 4.6 1.13 Stock

T A B L E  4   (Continued)

F I G U R E  4   (a) Time-structure map at the Top Serpukhovian (TS) level for the Nordkapp Basin and base Carboniferous (BCa?) level 
for the surrounding region illustrating the regional structural configuration. (b) Regional thickness map (TWT, two-way travel time, s) of 
the lower-upper Permian sequence S0 overlaid with the structural configuration based on seismic interpretation in the southeastern and 
southwestern Barents Sea. X1-4: newly interpreted/inferred basins (Hassaan et al., in review). BP, Bjarmeland Platform; FH, Fedynsky High; 
FP, Finnmark Platform; G, Graben; MAF, Middle Allochthon Front; NH, Norsel High; TB, Tiddlybanken Basin; VD, Veslekari Dome. Other 
abbreviations as in Figure 1. Figure modified from Hassaan et al. (in review) 
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(Figures  5a and 6a; Table  5b). Generally, sequence S1 is 
thicker in sub-basin SB3 in comparison with sub-basin SB4. 
Internally, sequence S1 shows bowl and wedge successions 
that are partly eroded to the southeast and onlapping growth 
strata to the NW in the northeastern part of the CNB seg-
ment in the sub-basin SB1 (Figure 9b1; Jackson et al., 2020). 
The SS12 salt stock forms exactly above the thick-skinned 
NNE-dipping M7 normal fault and influences the thickness 
of sequence S1 (Figure 9b,c). Few mini-basins in the CNB 
segment are also rotated (around a horizontal axis) and 

tilted to various directions along with overburden sediment 
accumulation variations (Figures 9b,d and 10a). Sequence 
S1 shows isopachous geometry with minor thickness vari-
ations and is offset by post-salt faults within the CNB seg-
ment, in contrast to the platform regions (Figure 10c).

Adjacent to the SWNB segment, the sediment accumu-
lation rates of sequence S1 decrease from the Bjarmeland 
Platform (ca. 953 m/Myr) to the Norsel High (ca. 878 m/
Myr), but they are overall higher in comparison with 
the ones in the Finnmark Platform (ca. 749–792 m/Myr) 

F I G U R E  5   Time-thickness maps of: (a) lower Triassic sequence S1, (b) lower-middle Triassic sequence S2, (c) upper Triassic sequence 
S3 and (d) upper Triassic-BCU sequence S4 and S5. Maps display regional thickness trends of the prograding sediments in Barents Sea, 
and depocenter variations and salt evacuation within the Nordkapp Basin. Seaward and landward limits are based on the Glørstad-Clark 
et al. (2010)
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(Figures 5a and 6a; Table 5c). Sequence S1 is isopachous 
across the Bjarmeland Platform, the Norsel High and 
the Finnmark Platform with only slight thickness vari-
ations (Figures  11 and 12). Occasionally, sequence S1 
is offset by the thick-skinned Nysleppen Fault Complex 
(Figures 11a and 12c) but is mostly penetrated by post-
salt marginal faults that are decoupled by the thick LES 
from the thick-skinned Måsøy and Nysleppen fault 
complexes. Internally within the SWNB segment, se-
quence S1 thins and onlaps the upturned sequence S0 
and becomes thicker in the local depocenters around 
the salt structures (Figures 2a and 11c). The sediment 

accumulation rates are variable in the individual dep-
ocenters with a gradual decrease from NE (ca. 1,245 m/
Myr) to SW (ca. 999 m/Myr). The prominent upturned 
strata are situated along the SS18 salt stock and SS20 salt 
wall, which is more open towards NE and is confined to 
the SW by the asymmetrical sediment infill across these 
salt structures (Figure  11b,c). The upturned sequence 
S1 is 8 km wide and thins along the flank of the SS18 
salt stock where it reaches to depth of ca. 1,915 ms twt. 
An expulsion rollover structure related to salt dynamics 
is formed along the SS19 salt wall that tilts slightly to 
the southeast. Internally, the reflections of sequence S1 

F I G U R E  5   (Continued)
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onlap the upturned sequence S0 towards NW along the 
SS19 salt wall (Figure 12a). To the southeast, sequence 
S1 is offset by a NW dipping post-salt fault that seems 
to be associated with the pre-salt structural high SH27 
(Figure 12a).

4.2.3  |  Lower-middle Triassic (sequence S2)

The lower-middle Triassic sequence S2 is comprising si-
liciclastic successions of the Klappmyss and Kobbe forma-
tions (Olenekian to early Ladinian) and thickens regionally 

F I G U R E  6   Compiled curve plots 
(a–e for sequences S1–S5, respectively; cf. 
Figure 2) for sediment accumulation rate 
variations of the deposited lower Triassic 
to middle Jurassic successions within the 
Nordkapp Basin NENB, CNB and SWNB 
segments, and on the Finnmark (FP) and 
Bjarmeland (BP) platforms. Numbers 
(1–30) with different colours represent 
locations where 1D backstripping models 
of sediment accumulation rates were 
calculated on selected seismic sections 
(Table 5, locations/points 1–30) 
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(ca. 700 ms twt) towards the Bjarmeland Platform across 
the Nordkapp Basin and then thins (ca. 100 ms twt) farther 
towards NW (Figures  2, 5b and 6b). During Olenekian, 

the sediment progradation from the east was affected by 
the sediment input from mainland Norway in the south 
(Figure 5b; Glørstad-Clark et al., 2010). The time-thickness 

F I G U R E  7   (a–c) Interpreted seismic sections (TWT, two-way travel time, s; vertical exaggeration: 5×) illustrating pre-evaporite 
geometries, layered evaporite sequence (LES), salt structures and post-salt sedimentation patterns in the northeastern (NENB) Nordkapp 
Basin segment. M, Master fault; PFC, Polstjerna Fault Complex; SB, sub-basin; SH, structural high TIFC, Thor Iversen Fault Complex. 
Colour-rasters correspond to interpreted sequences in Figure 2. Open white circles connected by white lines display the thickness variations 
and salt structures (SS) as in Figure 3c. Numbers 1–5 denote the locations of 1D backstripping models that were used to calculate sediment 
accumulation rates as in Figure 6 and Table 5. Profile locations also in Figure 1b. Seismic data courtesy of NPD and TGS 
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F I G U R E  8   (a–c) Interpreted seismic sections (TWT, two-way travel time, s; vertical exaggeration: 5×) illustrating pre-evaporite 
geometries, layered evaporite sequence (LES), salt structures and post-salt sedimentation patterns in the northeastern (NENB) Nordkapp 
Basin segment. M, Master fault; PFC, Polstjerna Fault Complex; SB, Sub-basin; SH, Structural high; TIFC, Thor Iversen Fault Complex. 
Colour-rasters correspond to interpreted sequences in Figure 2. Open white circles connected by white lines display the thickness variations 
and salt structures (SS) as in Figure 3c. Numbers 6–10 denote the locations of 1D backstripping models that were used to calculate sediment 
accumulation rates as in Figure 6 and Table 5. Profile locations also in Figure 1b. Seismic data courtesy of NPD and TGS 
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F I G U R E  9   (a–d) Interpreted seismic sections (TWT, two-way travel time, s; vertical exaggeration: 5×) illustrating pre-evaporite 
geometries, layered evaporite sequence (LES), salt structures and post-salt sedimentation patterns in the central (CNB) Nordkapp Basin 
segment. (d1-2) Un-flattened and flattened seismic sections display internal architecture of a dwarf secondary mini-basin over the segment 
DFa. DF, Dragon foot; M, Master fault; SB, Sub-basin; SH, Structural high; TIFC, Thor Iversen Fault Complex. Colour-rasters correspond to 
interpreted sequences in Figure 2. Open white circles connected by white lines display the thickness variations and salt structures (SS) as in 
Figure 3c. Numbers 11–15 denote the locations of 1D backstripping models that were used to calculate sediment accumulation rates as in 
Figure 6 and Table 5. Profile locations also in Figure 1b. Seismic data courtesy of NPD and TGS 
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F I G U R E  1 0   (a–c) Interpreted seismic sections (TWT, two-way travel time, s; vertical exaggeration: 5×) illustrating pre-evaporite 
geometries, layered evaporite sequence (LES), salt structures and post-salt sedimentation patterns in the central (CNB) Nordkapp Basin 
segment. DF, Dragon foot; M, Master fault; SB, Sub-basin; SH, Structural high; TIFC, Thor Iversen Fault Complex. Colour-rasters 
correspond to interpreted sequences in Figure 2. Open white circles connected by white lines display the thickness variations and salt 
structures (SS) as in Figure 3c. Numbers 16–20 denote the locations of 1D backstripping models that were used to calculate sediment 
accumulation rates as in Figure 6 and Table 5. Profile locations also in Figure 1b. Seismic data courtesy of NPD and TGS 
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map of sequence S2 displays abrupt thickness variations 
around the salt structures in comparison with the regional 
prograding sediment thickness (Figure 5b).

In the NENB segment, the seismic observations 
and the time-thickness map demonstrate that the dep-
ocenter of sequence S2 migrated to the NNW with time 

F I G U R E  1 1   (a–c) Interpreted seismic sections (TWT, two-way travel time, s; vertical exaggeration: 5×) illustrating pre-evaporite 
geometries, layered evaporite sequence (LES), salt structures and post-salt sedimentation patterns in the southwestern (SWNB) Nordkapp 
Basin segment. MFC, Måsoy Fault Complex; NFC, Nysleppen Fault Complex; SB, Sub-basin; SH, Structural high. Colour-rasters correspond 
to interpreted sequences in Figure 2. Open white circles connected by white lines display the thickness variations and salt structures (SS) as 
in Figure 3c. Numbers 21–25 denote the locations of 1D backstripping models that were used to calculate sediment accumulation rates as in 
Figure 6 and Table 5. Profile locations also in Figure 1b. Seismic data courtesy of NPD and TGS 
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(Figures  5b and 7a). The sediment accumulation rates 
at the Bjarmeland Platform are slightly higher (ca. 171–
181 m/Myr) than the Finnmark Platform (ca. 146–152 m/

Myr), whereas in the NENB segment the rates in-
crease from NE (ca. 223 m/Myr) to SW (ca. 424 m/Myr) 
(Table 5a). The internal reflections in sequence S2 display 

F I G U R E  1 2   (a–c) Interpreted seismic sections (TWT, two-way travel time, s; vertical exaggeration: 5×) illustrating pre-evaporite 
geometries, layered evaporite sequence (LES), salt structures and post-salt sedimentation patterns in the southwestern (SWNB) Nordkapp 
Basin segment. MFC, Måsoy Fault Complex; NFC, Nysleppen Fault Complex; SB, Sub-basin; SH, Structural high. Colour-rasters correspond 
to interpreted sequences in Figure 2. Open white circles connected by white lines display the thickness variations and salt structures (SS) as 
in Figure 3c. Numbers 26–30 denote the locations of 1D backstripping model that were used to calculate sediment accumulation rates as in 
Figure 6 and Table 5. Profile locations also in Figure 1b. Seismic data courtesy of NPD and TGS 
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isopachous geometry across the Finnmark Platform and 
are affected by the NNW-dipping post-salt fault over the 
SH2 structural high (Figure  7a). Sequence S2 increases 
gradually in thickness towards NW with progressive 
shifting of depocenters, whereas its thickness is uniform 
across the Veslekari Dome (Figure 7a). Towards farther 
SW within sub-basin SB1, sequence S2 thickens drasti-
cally over the limb of the turtle structure to the south-
ern flank of the SS1 salt wall in contrast to the northern 
flank (Figure  7b). However, dramatically thicker sedi-
ments of sequence S2 were accumulated asymmetrically 
towards NNW in contrast to the south-southeast side 
of the SS1 salt wall in vicinity of the turtle structure to 
SW (Figure 7b,c). Within sub-basin SB2, sequence S2 is 
thickening towards southeast in the collided mini-basin 
between the secondary welds, and farther SW between 
the SS4 and SS5 salt stock (Figure 8b,c).

Adjacent to the CNB segment, the sediment accumula-
tion rates of sequence S2 on the Finnmark (ca. 163–173 m/
Myr) and Bjarmeland (ca. 171–174 m/Myr) platforms are 
almost similar. However, in the CNB segment the rates are 
relatively lower in the NE (ca. 411 m/Myr) compared with 
the SW (ca. 504  m/Myr) (Figures  5b and 6b; Table  5b). 
Reflections within sequence S2 display tabular geometry 
over the Finnmark and Bjarmeland platforms, whereas 
the sequence becomes thicker near the salt structures in 
the CNB segment (Figures  9a,b and 10b,c). Within sub-
basin SB3 sequence S2 thickens to the south-southeast 
along with the rotation (around a horizontal axis) of ear-
lier formed mini-basin and development of salt wing to the 
segment DFg (Figure  9b). Internally, the wedge-shaped 
and tabular geometries are evident, and in some cases, 
the sequence S2 displays thickening in the opposite direc-
tion in comparison with the earlier deposited sequence 
S1 (Figure 9b,b2). The salt wing is ca. 3 km wide and ca. 
5.5 km long, and is formed on the southeastern side of seg-
ment DFg and strikes NE-SW with SE dip (Figures 3c and 
9b). Sequence S2 is thickest in the mini-basin along the 
DFb salt segment where internally the stacked growth se-
quences are slightly migrating towards NW (Figure 10c). 
In the outlier sub-basin SB4, sequence S2 thickens and on-
laps both the salt walls DFe and SS11 (Figure 10a,b).

Within the SWNB segment, the sediment accumula-
tion rates (ca. 349–381 m/Myr) are decreasing from the 
NE to SW. The rates on the adjacent Finnmark (ca. 141–
171 m/Myr) and Bjarmeland (ca. 202 m/Myr) platforms, 
and Norsel High (ca. 165 m/Myr) show a similar trend 
(Figures  5b and 6b; Table  5c). The internal sequence 
S2 reflections on the Norsel High, and Finnmark and 
Bjarmeland platforms show isopachous geometry where 
mostly post-salt faults and occasionally the thick-skinned 
Nysleppen Fault Complex offset the strata at the basin 
margin (Figures  11 and 12). In the northeasternmost 

depocenter of sub-basin SB5, sequence S2 displays simi-
lar thickness variations and growth successions as within 
sub-basin SB3 (Figures 10c and 11a). In sub-basin SB6, 
the sequence S2 thins and upturns along the flanks of 
salt stock SS18 and salt wall SS20 (Figure 11b,c). In addi-
tion, sequence S2 onlaps sequence S1 over the expulsion 
rollover structure that developed on the southeastern 
side of the SS19 salt wall (Figure 12a). Overall, depocen-
ters containing thick successions of sequence S2 have 
been developed towards the Norsel High (Figures  11c 
and 12b,c).

4.2.4  |  Upper Triassic (sequence S3)

The upper Triassic sequence S3 consists of successions 
belonging to the Snadd Formation (Ladinian to early 
Carnian) and thickens regionally from the southeast (ca. 
100 ms twt) to NW (ca. 700 ms twt) (Figures 2 and 5c). 
In the different Nordkapp Basin segments, sequence S3 
displays distinct thickness variations along the margins of 
salt structures in contrast to the platform regions, and the 
sequence generally thickens in the opposite fashion from 
NE to SW (Figures 5c and 6c).

In the NENB segment, a prominent depocenter with 
thick growth strata was developed between the north-
eastern edge of salt wall SS1 and the Veslekari Dome. The 
sediment accumulation rates of sequence S3 are higher 
within segment NENB (ca. 24–37 m/Myr) in contrast to 
the Finnmark (ca. 18–27 m/Myr) and Bjarmeland (ca. 22–
25 m/Myr) platforms adjacent to it (Figure 5c; Table 5a). 
Within sequence S3, parallel seismic reflections show 
tabular geometry over the Finnmark and Bjarmeland 
platforms. In addition, within the NENB mini-basins, se-
quence S3 displays parallel reflections and thins near the 
salt structures (Figures 5c, 6 and 7).

The sediment accumulation rates in the CNB segment 
are higher (ca. 31–51 m/Myr) than in the Finnmark (ca. 
25–26  m/Myr) and Bjarmeland platforms (ca. 28–30  m/
Myr) adjacent to it (Figure  6b; Table  5b). Sequence S3 
shows isopachous geometry on the platforms and is offset 
by the post-salt marginal faults when it enters the basin 
(Figures 9 and 10). Within the CNB segment, sequence S3 
comprises parallel seismic reflections and its thickness is 
variable in the different mini-basins. Sequence S3 thins 
and onlaps the salt structures and occasionally sub-crops 
at the seafloor (Figures 9 and 10). Farther SW of the CNB 
segment, sequence S3 thickens towards the margins and 
thinning against the crest of the turtle anticline at the 
mini-basin axis, which was developed between segment 
DFb and the SS13 salt stock (Figure 10c). Sequence S3 ex-
hibits higher sediment accumulation rates (ca. 38–57 m/
Myr) in the SWNB segment than the NENB and CNB 
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segments (Figure 6b; Table 5c). In addition, sequence S3 
shows sub-parallel seismic reflections and isopachous 
stacked geometry over the Finnmark and Bjarmeland 
platforms. Gradually, sequence S3 becomes thicker in the 
mini-basins and onlaps the salt structures in contrast to 
the tabular strata on the Finnmark and Bjarmeland plat-
forms. In particular, sequence S3 displays asymmetric 
deposition and thins towards the SS20 salt wall due to the 
development of the upturned strata (Figure 11b,c). Clear 
thinning of sequence S3 can be observed above the SS26 
salt stock that never pierced through the upper Triassic to 
Cenozoic strata (Figure 12c).

4.2.5  |  Upper Triassic-lower/middle Jurassic 
(sequence S4) to upper Jurassic (sequence S5)

Sequences S4 and S5 comprise siliciclastic successions 
of the Fruholmen, Tubåen, Nordmela, Stø, Fuglen 
and Hekkingen formations (Figure  2). The combined 
regional thickness map for the sequences display 
an NW increase reaching ca. 300  ms twt thickness. 
Individually, the low sediment accumulation rates of 
sequences S4 (ca. 6–15  m/Myr) and S5 (ca. 10–20  m/
Myr) contrast the ones for sequences S1–S3 (Figures 5d 
and 6d,e; Table  5). The sediment accumulation rate 
curve for sequence S4 follows the same trend as se-
quence S3 and increases to the SW within the Nordkapp 
Basin (Figure 6).

In the NENB segment, a depocenter of sequence S4 
was formed between the northeastern edge of the SS1 salt 
wall and the Veslekari Dome. Minor thickness variations 
can be observed around the SS2 salt wall and in the de-
pocenter that was formed between the SS1 and SS3 salt 
walls (Figures 5d and 7a,b). Sequence S4 is characterized 
by parallel reflections, it shows tabular geometry on the 
Finnmark and Bjarmeland platforms and is offset by the 
post-salt marginal faults. Furthermore, sequence S4 is 
upturned along the flanks of the salt structures and sub-
crops at the seafloor (Figures 7 and 8). In particular within 
sub-basin SB2, the southeastern side of the collided mini-
basin is pushed up due to the thick-skinned reverse fault 
(Figure 8b, red arrow) where a thin S4 sequence sub-crops 
at the seafloor.

In the CNB segment, sequence S4 thickens within the 
mini-basins in contrast to the Finnmark and Bjarmeland 
platforms where it displays tabular geometry (Figures 9 and 
10). Most of the lower successions of sequence S4 onlap the 
salt structures, whereas the upper successions of the se-
quence are upturned along their flanks and sub-crop at the 
seafloor. A dwarf secondary mini-basin (sensu Jackson & 
Hudec, 2017) was developed over the DFa segment where 
the mini-basin is tilted towards the east. The western part of 

the dwarf secondary mini-basin together with the salt wall 
sub-crop at the seafloor (Figure 9d). It is noteworthy that 
sequence S4 shows thickness variations within the partially 
eroded dwarf secondary mini-basin above segment DFa 
(Figure 9d). In the SWNB segment, sequence S4 thickens in 
the mini-basins and onlaps the salt structures (Figures 11 
and 12). In the same segment, sequence S5 comprises 
highly condensed successions that are upturned along the 
flanks of the salt structures and sub-crop at the seafloor.

4.2.6  |  Cretaceous (sequence S6) to Cenozoic 
(sequence S7)

Sequences S6 and S7 comprise the Lower Cretaceous 
Knurr, Klippfisk, Kolje and Kolmule formations and 
Cenozoic strata (Figure  2). Sequence S6 displays paral-
lel and inclined seismic reflections on the Finnmark and 
Bjarmeland Platforms, and on the Norsel High. Within 
the Nordkapp Basin, sequence S6 shows considerable 
thickness in the mini-basins, whereas the seismic reflec-
tions are upturned along the flanks of the salt structures 
and sub-crop at the seafloor (Figures  7–12). Regionally, 
sequence S6 thins from the NE to the SW. Finally, al-
though the entire sequence S7 is missing in the NENB and 
CNB segments a considerably thick Cenozoic (Paleocene) 
sequence S7 can be observed in the SWNB segment where 
it is upturned along with sequence S6 and both sub-crop 
at the seafloor (Figures 11 and 12).

4.3  |  Structural restoration

To investigate the temporal evolution of the Nordkapp 
Basin, 2D structural restoration of the selected depth-
converted seismic sections was performed in time-steps 
corresponding to the ages of the interpreted horizons. We 
considered mobile and non-mobile LES as a single layer 
for modelling purposes. The residual LES at the present-
day stage of all models correspond to non-mobile evapo-
rites in the Nordkapp Basin (Figures 13–16).

4.3.1  |  Pennsylvanian to late Permian

The Pennsylvanian to early Permian LES (Gipsdalen 
Group, Figure  2) was accumulated during syn-rift to 
early post-rift conditions, and the LES sediment facies 
and deposition were influenced by the basement faults, 
structural highs and half-graben architecture (Figure 3b; 
Hassaan et al.,  2021b). Within the different segments of 
the Nordkapp Basin, the sub-basins were further sub-
divided by the structural highs that later localised the 
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salt structures and post-salt depocenters (Figures  13A1–
B1, 14A1, 15A1–B1, and 16A1–B1). During the early to 
late Permian, carbonate-dominated successions of the 
Bjarmeland and Tempelfjorden groups (sequence S0; 
Figure  2) were deposited in the Nordkapp Basin and in 
the platform regions. The restored thickness of sequence 
S0 seems to be uniform over the LES in the NENB and in 
the northeastern part of the CNB segments but influenced 
by the minor faulting caused by the mid-late Permian re-
gional extension (Figures 13A1–B1, 14A1, and 15A1–B1). 
Within the SWNB and southwestern part of the CNB seg-
ments, sequence S0 thins to a minimum above inflated 
salt over the structural highs, whereas it thickens in the 
depocenters surrounding it that are partially controlled 
by minor normal faulting caused by the mid-late Permian 
regional extension (Figures 4b and 16A1–B1). The minor 
faulting and salt mobilisation developed residual topogra-
phy that mimics the pre-salt rift architecture and created 
preferential sediment deposition locations for the later 
prograded sediments in the Nordkapp Basin. Slight local 
thickness variation of sequence S0 is also visible over the 
Finnmark and Bjarmeland platforms (Figures  13A1–B1 
and 14A1–B1).

4.3.2  |  Earliest Triassic

In the NENB segment, the mini-basins were filled with 
successions of the lower Triassic fluvio-deltaic sequence 
S1 (Havert Formation; Figure 2), which prograded from 
the east, and this caused progressively salt expulsion to 
the NNW (Figures  13A1–B1 and 14A2–A7). Sequence 
S1 can be sub-divided into three units, the lower, mid-
dle and upper, within the NENB segment. The lower unit 
seems to be influenced by the base-salt structural relief 
and the salt pillow formation over the SH1 structural 
high (Figure  14A2). The thick middle unit consists of 
several growth packages in the southern mini-basin that 
progressively led to depletion of the LES underneath. The 
growth packages onlap the lower unit that is upturned 
along the flank of the rising SS1 salt wall (Figure 14A3–
A7). It is noteworthy that the depositional thickness of 
sequence S1 is comparatively less in the northern mini-
basin. The upper unit thins gradually towards the SS1 
salt wall and thickens to the south over the salt pillow as 
salt initiated to deplete from it and probably moved to-
wards the adjacent SS2 salt wall (Figures 7b,c and 14A7–
A8). Farther SW in the NENB segment, two narrow 
salt stocks that were formed over the fault structurally 
blocks have affected the development of the mini-basins 
(Figure 13B2). It seems that the salt structures were nu-
cleated above the intra-basinal highs whereas the minor 
mid-late Permian normal faulting was amplified by the 

accelerated sediment accumulation and loading. In the 
northeastern part of the CNB segment, sequence S1 filled 
the mini-basin between the SS8 salt stock and segment 
DFg in a similar fashion as the southern mini-basin of 
the SS1 salt wall was progressively filled (Figures 14A7 
and 15A2). Eventually, the thickness of sequence S1 
gradually decreases farther SW in the CNB and SWNB 
segments (Figure 16A1–B1).

4.3.3  |  Early-mid-Triassic

In the NENB segment, growth strata of the prograding se-
quence S2 onlap sequence S1 over the salt pillow and form 
the NNW migrating depocenters. The asymmetric depo-
center is rotated (around a horizontal axis) and tilted to the 
northwards due to the progressive salt expulsion from the 
earlier pillow structure in the SB1 sub-basin (Figure 13A3). 
The restoration illustrates that the SS1 salt wall was mainly 
sourced by salt evacuated from beneath the northern mini-
basin, and the longest depocenter was formed due to this salt 
depletion (Figures 5b and 14A9–A11). At the same time, the 
depocenter also shifted to the south as the salt started to de-
plete from the salt anticline and moved into the SS2 salt wall 
(Figures 7b,c and 14A9–A11). Farther SW in the SB2 sub-
basin, sequence S2 thickens to the south between the two 
narrow salt structures and is rotated (around a horizontal 
axis) and tilted to the southeast together with sequence S1 
underneath it (Figure 13B2–B3). It seems that the increase 
in thickness of sequence S2 is also facilitated by the pre-salt 
fault-block arrangement in the structurally highly active re-
gion due to transfer zone (Figure 13B1). In the northeastern 
part of the CNB segment (SB3 sub-basin), the internal suc-
cessions of sequence S1 in the mini-basin between the SS8 
salt stock and segment DFg are rotated (around a horizontal 
axis) due to the shift in salt withdrawal and the thickening of 
sequence S2 towards the south (Figure 15A3). This intense 
salt evacuation and the rotation of the mini-basins facili-
tated the development of the salt wing on the southern flank 
of the DFg segment (Figure 15A3). Overall, the thickness of 
sequence S2 is increasing towards the SW within the CNB 
segment (Figure  8b). In the SWNB segment, the thickest 
depocenters formed towards the Norsel High and the evacu-
ated mobile salt beneath them moved into the adjacent salt 
structures. During this time, the upturned strata started to 
develop due to the asymmetric salt evacuation caused by the 
prograding sequence S2 (Figures 11b,c and 16A3).

4.3.4  |  Late Triassic to mid-Jurassic

Within the NENB segment, the migrating depocenters 
were developed at the southern edge of the Veslekari Dome 
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F I G U R E  1 3   Sequential structural restoration of the interpreted and depth-converted sections (vertical exaggeration: 2×) Profile A 
(Figure 7a) and Profile B (Figure 8b) showing the post-salt evolution of the northeastern (NENB) Nordkapp Basin segment. The models 
display the salt flow direction (within and out of plane or three dimensions), influence of the far-field stresses during the Triassic–Jurassic 
transition and early-mid Eocene, and rotation of mini-basins. FTB, fold-and-thrust belt; LES, layered evaporite sequence; M, Master fault; 
PFC, Polstjerna Fault Complex; SB, Sub-basin; SH, Structural high; SS, Salt structure; TIFC, Thor Iversen Fault Complex. See the text for 
details and discussions. Inset map shows location of the sections as in Figure 1b 
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F I G U R E  1 4   Sequential structural restoration of the interpreted and depth-converted section (vertical exaggeration: 2×) Profile A 
(Figure 7c) showing the post-salt evolution of the northeastern (NENB) Nordkapp Basin segment. The models shows the salt flow direction 
(within and out of plane or three dimensions), influence of the far-field stresses during the Triassic–Jurassic transition and early-mid 
Eocene, and rotation of mini-basins. FTB, fold-and-thrust belt; LES, layered evaporite sequence; M, Master fault; PFC, Polstjerna Fault 
Complex; SB, Sub-basin; SH, Structural high; SS, Salt structure; TIFC, Thor Iversen Fault Complex. See the text for details and discussions. 
Inset map shows the location of the section as in Figure 1b 
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F I G U R E  1 5   Sequential structural restoration of the interpreted and depth-converted sections (vertical exaggeration: 2×) Profile A 
(Figure 9b) and Profile B (Figure 10a) showing the post-salt evolution of the central (CNB) Nordkapp Basin segment. The models display 
the salt flow direction (within and out of plane or three dimensions), influence of the far-field stresses during the Triassic–Jurassic transition 
and early-mid Eocene, and rotation of mini-basins. DF, Dragon foot; FTB, fold-and-thrust belt; LES, layered evaporite sequence; M, Master 
fault; SB, Sub-basin; SH, Structural high; SS, Salt structure; TIFC, Thor Iversen Fault Complex. See the text for details and discussions. Inset 
map shows the location of the sections as in Figure 1b 
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due to the NNW salt expulsion and the deposition of the 
prograding sediments (Figure 13A4–A5). Farther SW, the 
salt structures display significant growth but are eventu-
ally encompassed by thin strata that belong to sequences 
S3 and S4 forming composite halokinetic sequences (CHS) 

associated with the diapir downbuilding (Figure  14A12–
A13) (sensu Giles & Rowan, 2012; Pichel & Jackson, 2020). 
In the CNB segment, the salt structures display downbuild-
ing as sequence S3 thickens in the mini-basins and onlaps 
the flanks of the salt structures (Figure 15A4–A5, B4–B5). 

F I G U R E  1 6   Sequential structural 
restoration of the interpreted and depth-
converted sections (vertical exaggeration: 
2×) Profile A (Figure 11c) and Profile 
B (Figure 12b) showing the post-salt 
evolution of the southwestern (SWNB) 
Nordkapp Basin segment. The models 
show the salt flow direction (within 
and out of plane or three dimensions), 
influence of the far-field stresses during 
the Triassic–Jurassic transition and 
early-mid Eocene, and rotation of mini-
basins. FTB, fold-and-thrust belt; LES, 
layered evaporite sequence; MFC, Måsoy 
Fault Complex; NFC, Nysleppen Fault 
Complex; SB, Sub-basin; SH, Structural 
high; SS, Salt structure. See the text for 
details and discussions. Inset map shows 
the location of the sections as in Figure 1b 
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A dwarf secondary mini-basin formed at the crest of seg-
ment DFd and was filled with successions of sequence S4 
(Figure  15B5). The mini-basins around the DFg segment 
show the complex development as thick successions of 
sequences S3 and S4 onlap the northern flank of the seg-
ment, whereas within the southern mini-basin the same 
sequences thin and onlap the earlier deposited strata 
(Figure 15A4–A5). Within the SWNB segment, the thickest 
depocenters developed towards the Norsel High due to the 
significant salt evacuation from the LES as thick mobile salt 
was available in the deep ponds towards the structural high 
(Figure  16A4–A5, B4–B5). Occasionally due to the mini-
basin development, sequences S3 and S4 were influenced 
by the thin-skinned faults and onlap the salt structures 
(Figure 16B4–B5). The upturned strata were further devel-
oped along with the SS20 salt wall, as it is evident by the 
asymmetric sediment deposition (Figure 16A4). Sequences 
S3 and S4 thin towards the northwestern flank, whereas 
thicken towards the southeastern flank of the SS20 salt wall 
(Figure 16A4–A5).

4.3.5  |  Mid-Jurassic to present

During the mid-Jurassic to early Cretaceous, slight growth 
of the salt structures can be observed while condensed 
upper Jurassic successions are draped over them in the en-
tire Nordkapp Basin. Regionally, the lower Cretaceous strata 
thin, whereas the Palaeocene strata become thicker towards 
the SW (Figures  13A7 and 16A7). Inside the Nordkapp 
Basin, however, these prograding sediments thicken in the 
mini-basins, but are relatively thin above the salt structures 
(Figures 13A6–B6, 14A14, 15A6–B6, and 16A6–B6). During 
the Eocene, the salt structures were rejuvenated by contrac-
tional deformation and the late Triassic to Palaeocene strata 
became upturned along the flanks (Figures 13A7–B7, 14A15, 
15A7–B7, and 16A7–B7). At the same time, the Eocene sedi-
ments probably onlapped the rising Palaeocene strata due to 
the growth of the salt structures. However, re-distribution of 
eroded lower Cretaceous and Palaeocene sediments around 
the peripheral sinks cannot be ruled out. In the Neogene, 
due to uplift and erosion, approximately 1,500 m of strata 
were removed above the Nordkapp Basin (Figures  13A8–
B8, 14A16, 15A8–B8, and 16A8–B8).

5  |   DISCUSSION

5.1  |  Pre-salt rift architecture and 
layered evaporite sequence distribution

The basement topography comprised the Timanian and 
Caledonian structures that facilitated the creation of the 

seven sub-basins SB1-7 during the late Devonian-early 
Carboniferous and late Carboniferous extensional phases in 
the Nordkapp Basin (Figure 4a; Hassaan et al., 2021b). The 
late Carboniferous-early Permian LES accumulation was in-
fluenced by the syn- to early post-rift processes, the internal 
configuration of the sub-basins as a result of cross-cutting 
master faults, and the arrays of structural highs (Figure 3b). 
However, not only the facies and the thickness of the LES in-
fluence by the pre-salt basin topography that vary from the 
margin to the deep basin, but so do the relative movement of 
the master faults and the architecture of the structural highs 
that have created the isolated ponds within the sub-basins 
(Figure 3b; Gabrielsen et al., 1992; Jensen & Sørensen, 1992; 
Clark et al., 1998; Jackson & Hudec, 2017; Jackson et al., 2018; 
Rodriguez et al., 2018; Rowan et al., 2019). Furthermore, the 
facies variations of the LES from mobile to non-mobile are 
dependent on the siliciclastic sediment input in the basin, 
mineralogy, fluid-supported mineral transformations and the 
depositional environment during the evaporite accumula-
tion processes (Warren, 2016). For example, the paleo-hinged 
margin contains in average present-day thicker evacuated 
mobile salt (sub-basin SB1: ca. 2.3 km) than the deep graben 
(sub-basin SB5: ca. 1.6 km) of the Nordkapp Basin (Figure 3). 
However, the residual non-mobile LES is thicker in sub-basin 
SB5 than sub-basin SB1, probably due to the additional input 
of eroded siliciclastics from the Norsel High (Figures 7c and 
11a; Hassaan et al., 2021b). We suggest that these discrepan-
cies and lithological changes would also influence the later 
salt mobilisation and rate of salt structure rise.

The scattered structural highs and master faults acted 
as precursors for the localisation of the salt structures that 
influenced the post-salt sedimentation in the Nordkapp 
Basin (Figures  7–12). These salt structures were fed 
through multiple ponds filled with LES where deeper 
pond contained thicker mobile salt that controlled their 
along-strike structural development, that is, the DF salt 
structure (Figure 3; Hassaan et al., 2021b). The sub-basins 
with variable rift architecture and thick LES are likely to 
respond differently to the sediment loading compared 
with the platform areas (Figures 7–12). The downbuilding 
of the thick strata was promoted by the drastic salt evacua-
tion from the isolated ponds filled with the LES (Figure 3). 
The thicker post-salt clastic successions are found within 
the axial zone of the rift or in locations of high extension 
that could contain the thicker LES and are indirectly re-
flected in the rift architecture (Rojo et al., 2019; Stewart 
et al., 1997; Withjack & Callaway, 2000). Conversely, the 
areas with thinner LES, that is, faulted basin margins and 
hinged-margins, may not have a drastic effect other than 
the decoupling of the deformation above and below the 
LES. Furthermore, the relative presence of mobile (i.e. 
halite) versus non-mobile (i.e. anhydrite and carbonate) 
lithologies within the thinner LES would also influence 
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the structural style at the margins. The formation of fault-
related salt wedges and post-salt fault complexes would 
be promoted if the mobile salt contents are higher in con-
trast to non-mobile evaporite along the margins due to salt 
mobilisation (Figures 7 and 9a,b; Jackson & Hudec, 2017; 
Stewart, 2007). However, the observed structural styles are 
characterized by the lack of salt pillows and thick-skinned 
faults between the basement and post-salt strata at the lo-
calities where the LES is mainly dominated by non-mobile 
anhydrite and carbonate lithologies (Figures 8, 9c, 11a and 
12c) (Rojo et al., 2019).

5.2  |  Timing and triggering mechanisms 
for salt mobilisation

5.2.1  |  Mid-late Permian extension

The post-salt sedimentation following LES accumu-
lation was initiated with the deposition of the late 
Palaeozoic cold-water carbonates of the Bjarmeland 
and Tempelfjorden groups (Figure 2) in the Barents Sea 
(Larssen et  al.,  2002; Stemmerik,  2000). At the same 
time, a regional extension took place during the mid-late 
Permian and influenced the fault dynamics and subsid-
ence in the southwestern Barents Sea (Blaich et al., 2017; 
Clark et  al.,  2014; Faleide et  al.,  1984, 2018; Tsikalas 
et al., 2021). We suggest that the deep Caledonian struc-
tures beneath the Nordkapp Basin were slightly reacti-
vated due to the mid-late Permian extensional phase and 
caused minor fault activity at the base Carboniferous 
level (Figure 4). At the same time, the salt from the LES 
was slightly mobilised towards the structural highs, and 
relatively thick lower-upper Permian strata were accu-
mulated in the mini-basins separated by minor normal 
faults in the SWNB segment (Figures 5b, 12c, and 16A1–
B1). On the other hand, the regional extension seems to 
have less influenced the Timanian basement-structures 
underneath the Nordkapp Basin but caused minor nor-
mal faulting and thickness variations in the lower-upper 
Permian strata (Figure 5b). Minor salt evacuations in the 
platform regions appear to be localised and have created 
an overall pre-kinematic relation with the non-mobile 
LES (Figures  7–9; Rojo et  al.,  2019; Rowan & Lindsø, 
2017). The basement-influenced extension had termi-
nated within the Nordkapp Basin but the remnant to-
pography caused by the minor normal faulting and salt 
mobilisation existed at the onset of the Triassic (Hassaan 
et  al.,  2021b). The remnant topography was mimicking 
the pre-salt rift architecture and created preferential sed-
iment deposition locations for the later prograded sedi-
ments in the Nordkapp Basin.

5.2.2  |  Triassic sediment progradation: 
Depositional fairways and sediment 
routing patterns

Initiated during the earliest Triassic, the sedimentary 
wedges of the regionally developed Triassic delta system 
were sourced from the Urals in the southeast and prograded 
into the South Barents Sea Basin (Gilmullina et al., 2021) 
and farther westwards under regional subsidence con-
ditions in the Norwegian Barents Sea (Eide et  al.,  2018; 
Glørstad-Clark et al., 2010; Klausen et al., 2015; Figures 5a 
and 17). The thickness of the earliest Triassic sequence S1 
decreases to the WNW and SW distal parts, and gradually 
thins on the Bjarmeland and Finnmark platforms paral-
lel to the strike of the Nordkapp Basin axis (Figure  5a). 
Furthermore, the updated regional thickness map of the 
earliest Triassic sequence S1 (including interpretation of 
all new available seismic) displays significant changes 
in contrast to the earlier similar map of Glørstad-Clark 
et al. (2010); this can be attributed to the internal variation 
of clinothems within the deltaic system (Figure 5a). We 
suggest that in the earliest Triassic the dominant sediment 
influx direction into the Nordkapp Basin was from the 
east to the west (Figures 5a and 6a) instead of southeast to 
northwest as proposed earlier (Glørstad-Clark et al., 2010; 
Grimstad, 2016; Rojo et al., 2019).

Hence, the prograding and quickly accumulating se-
quence S1 entered the Nordkapp Basin within the NENB 
segment first from the east (Figures 5a and 6a; Table 5). 
Several studies have recently proposed the Triassic pro-
gradational loading as the triggering mechanism of salt 
mobilisation to explain the observed post-salt geome-
tries and structural style in the NENB segment (Figure 7; 
Grimstad, 2016; Rojo et al., 2019; Rowan & Lindsø, 2017). 
We support this and offer additional details in this con-
text. The sediment accumulation was influenced by the 
syn-kinematic salt mobilisation due to the differential 
loading imposed by the prograding sediments of sequence 
S1 within the basin (Figures 6a, 7, and 14A2–A8). It seems 
that the salt structures were nucleated above the intra-
basinal highs, whereas the minor mid-late Permian nor-
mal faulting was amplified by the accelerated sediment 
accumulation and loading of sequence S1.

The intense salt mobilisation strongly influenced the 
formation of depositional fairways and sediment rout-
ing patterns along the basin axis within the Nordkapp 
Basin. However, the formation of the initial depositional 
fairways also depends on the sediment influx direction 
over a highly complex base-salt rift architecture filled 
with LES (Figures  3, 4a, and 5A1). The progressive salt 
expulsion caused by the loading of prograding sediments 
formed the prominent NNW migrating depocenters and 
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expulsion-rollover structures along with the turtle struc-
ture (Figure 7; Ge et al., 1997). The internal growth ge-
ometries are minimised towards SW following the bend 
of the SS1 salt wall where differential salt flow along 
the strike of the salt structure played an important role 
and caused differential mini-basin sink development 
(Figures 3c, 7b,c, 8a, and 14A2–A8). We suggest that the 
strike of precursor structural highs or master faults was 
as crucial as the velocity and direction of the prograding 
deltaic system for the complex salt structures formation. 
The rapid salt mobilisation created significant local to-
pography and gave rise to the formation of mini-basins 
around the growing salt structures. The resulting basin to-
pography strongly influenced the Triassic progradational 
fairways and dictated both where the initial deposition 

could occur and the formation of distinct sediment rout-
ing patterns (Figure  5A1-2,B1-2). The depositional fair-
ways and sediment routing patterns were primarily 
formed by differential loading and density-driven sub-
sidence caused by the progradational sedimentation and 
have reduced the subsidence in the mini-basins that fall 
outside them (Figure 14A3–A6; Fernandez et al.,  2020). 
Eventually, within the southwestern part of the CNB and 
the SWNB segments, the strata became isopachous simi-
lar to the Finnmark and Bjarmeland platforms due to less 
sediment input and thus insignificant salt mobilisation. 
We, therefore, suggest that the maximum sediment pro-
gradation and gravitational loading caused the most pro-
nounced salt mobilisation to occur in the NENB segment, 
whereas these effects are more modest towards the SWNB 

F I G U R E  1 7   (a–b) Interpreted un-flattened and flattened seismic sections illustrating post-Permian sedimentary strata influenced by 
the salt structures (SS23 and SS25) in the southwestern (SWNB) Nordkapp Basin segment. (c–d) Interpreted un-flattened and flattened 
seismic sections outside of the Nordkapp Basin to the farther southwest shows no impact of the fault activity in the Triassic strata. It is 
noteworthy that in the Triassic the prograded sediments from the east were deposited under regional post-rift conditions in the Barents Sea 
(Eide et al., 2018; Glørstad-Clark et al., 2010; Klausen et al., 2015). TWT, two-way travel time, s; vertical exaggeration: 10×. Location of the 
sections as in Figure 1b 



3288  |    
EAGE

HASSAAN et al.

segment. Similarly, the salt was depleted from the LES 
diachronically along the strike of the Nordkapp Basin as 
the earliest passive diapirism occurred in the NENB seg-
ment due to the sediment influx direction, and then pro-
gressed to the CNB and SWNB segments (Figure 5a). We 
conclude that all the above processes led to a deformation 
outcome that outplayed the effect of the mid-late Permian 
extension in the Nordkapp Basin (Figures 5a, 6a, 14A2–
A8, and 16A2–B2).

Continued salt mobilisation and passive diapirism 
significantly influenced the accumulation of the lower-
middle Triassic sediments (sequence S2) and outpaced the 
effects of the prograding delta (Figures 5b and 6b; Table 5). 
The sediment input and loading direction had shifted 
from the east to the NW and had caused the formation of 
mini-basins to the northwest and intense salt evacuation 
to the south together with the rotation of the mini-basins 
where base-salt relief also facilitated the differential salt 
flow (Figures  13A3–B3, 14A9–A11, and 15A3–B3). The 
mini-basin rotation also depends on the progradational 
sedimentation direction and contraction (Figures  8b,c 
and 9b) (Callot et al., 2016; Duffy et al., 2021; Fernandez 
et al., 2020). The salt depletion and sediment accumula-
tion were now mainly focused in the CNB segment, and 
were gradually minimised within the NENB and SWNB 
segments (Figure  6b; Table  5). Differential loading and 
NNW salt expulsion supported by the sediment prograda-
tion created NW migrating patterns and gave rise to the 
laterally most extensive depocenter in the NENB segment 
(Figures 7a, 10c, and 14A9–A11). As most of the salt was 
already evacuated from the LES, where the initial sedi-
ment routing patterns were located, these regions turned 
now into sediment by-pass areas where salt started to 
evacuate around them until the salt system had reached 
an equilibrium state, for example, the northern mini-
basin of the SS1 salt wall (Figure 14A9–A11). Therefore, 
the preferred deposition locations for the thick prograd-
ing sequence S2 were mini-basins that were positioned 
adjacent to the initial depositional fairways and areas 
with thinner successions belonging to the S1 sequence 
(Figure 5A1–B1). Most of the salt beneath the NENB and 
CNB segments was evacuated by the end of sequence S2, 
probably due to the prominent differential loading and 
consequent intense salt expulsion. It is noteworthy that 
the sediment input direction was similar for the CNB and 
SWNB segments during the early-mid Triassic, but the 
salt evacuation and sediment accumulation were faster in 
the CNB segment (Figures  5b and 6). The restored LES 
thickness (mobile and non-mobile) along with seismic fa-
cies analysis suggest that the relative greater presence of 
non-mobile to mobile lithologies in the LES of the SWNB 
segment played an important role (Figures 11, 12, 15A1–
B1, and 16A1–B1) and caused relatively slow passive 

diapirism in the SWNB segment in contrast to the CNB 
segment (Figure 5B1–B2).

In the late Triassic (sequence S3), the sediment accu-
mulation and consequent salt mobilisation were primarily 
focused in the SWNB segment as most of the salt from the 
LES was evacuated in the CNB and NENB segments by the 
end of the sequence S2 deposition (Figures 5c1-2 and 6c; 
Table 5) (Rojo et al., 2019). In the NENB segment, the NNW 
migrating depocenters moved to the southeastern edge of 
the salt-cored ‘Veslekari Dome’ anticline that formed due 
to progressive salt expulsion (Figures  5c, 7a, and 13A4). 
Passive diapirism continued as it is evident from the strata 
onlapping the salt structures forming CHS (i.e. tabular 
vs. tapered) and the downbuilding of mini-basins within 
the Nordkapp Basin (Figures  7, 11C1, 13B4, and 16A4–
B4) (sensu Giles & Rowan, 2012; Pichel & Jackson, 2020). 
However, the along-strike growth development of few salt 
structures, that is, SS1 salt wall, was complicated during 
sediment deposition due to the amount of available mo-
bile salt that was also influenced by the earlier intense salt 
depletion from the LES (Figures 7, 8b and 9b–d).

5.3  |  Rejuvenation of salt structures: 
Influence of far-field stresses

5.3.1  |  First rejuvenation phase: Triassic–
Jurassic transition

During the late Triassic–mid Jurassic, most of the salt was 
already depleted from the LES in the NENB and CNB seg-
ments and the salt structures were covered by the thin 
sedimentary successions of sequence S4 (Figures  13A5–
B5 and 14A5–B5,A13). However at the Triassic–Jurassic 
transition, the salt structures were rejuvenated and the 
salt-cored Veslekari Dome was formed due to reactivation 
of the deep Carboniferous structures caused by the propa-
gated far-field stresses from the Novaya Zemlya fold-and-
thrust belt (Figure  9b–d) (Faleide et  al.,  2018; Hassaan 
et al., 2020, 2021b; Indrevær et al., 2018; Müller et al., 2019). 
The SWNB segment had retained large amounts of salt 
in the LES, and this has facilitated the continued passive 
growth of the salt structures with acceleration due to the 
effect of the far-field shortening (Figures  5d1–2, 11, 12 
and 16A5–B5). We suggest that the slight contractional 
rejuvenation of the salt structures has influenced the salt–
sediment interactions, the type of evolved CHS, and the ro-
tation of mini-basins in the Nordkapp Basin (Figures 11c1 
and 15A5–B5; Callot et  al.,  2016; Giles & Rowan,  2012). 
The rejuvenation could also affect the style and routing 
of sediment dispersal systems in the mini-basins, as the 
along-strike growth of the salt structures is heterogene-
ous, and this could have influenced the distribution of the 
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upper Triassic–lower Jurassic reservoirs (within sequence 
S4) in the Nordkapp Basin.

A transition from tabular to tapered CHS are expected 
to occur for the upper Triassic and lower Jurassic strata 
in the NENB and CNB segments because the sediment 
accumulation rate outpaced the relative rate of salt struc-
ture growth when most of the salt has been evacuated 
(Figures 8a and 9b). However, the CHS-type also depends 
on the individual salt structural development, the sedi-
ment influx direction, the mini-basin rotation, and the 
rejuvenation intensity as some faults could be more reac-
tivated in contrast to others (Hassaan et al., 2021a; Pichel 
& Jackson, 2020). In the SWNB segment, the rejuvenation 
became accelerated in cases with enhanced relative rate 
of salt structure growth in comparison with the sediment 
accumulation in the mini-basins and formed tabular CHS 
along the flanks of the salt structures (Figure 11b,c; Giles 
& Rowan, 2012; Rojo & Escalona, 2018). Deposition at or 
near the axial traces of drape folds within the CHS occur 
in salt-influenced rift basins, so that potential reservoir 
sandstones become deposited in channels and lobes that 
will pinch out up-dip. In this context, the transition from 
tabular to tapered or tabular dominated CHS would have 
significant implications for the distribution of the upper 
Triassic-lower Jurassic reservoirs (within sequence S4) 
in the mini-basins and for the development of strati-
graphic traps at the diapir flanks (Figure  11b,c; Giles & 
Rowan, 2012; Hassaan et al., 2021a; Hearon et al., 2014; 
Pichel & Jackson,  2020). Therefore, the tabular CHS 
may have reservoir facies that are in direct contact with 
the diapir or that pinch-out less than 200 m away from it 
(Figure 11b,c) in contrast to the tapered CHS, which may 
contain reservoirs that pinch-out 300–1,000 m away from 
the diapir (Figure 9d; Pichel & Jackson, 2020).

At the same time, the reactivation of the Carboniferous 
structures, that is, faults and structural highs, and the ro-
tation of the mini-basins have also facilitated the forma-
tion of the dwarf secondary mini-basins over the crest 
of the salt structures, that is, the DFa and DFd segments 
(Figures 9d and 10a). We suggest two possible scenarios 
for the formation of dwarf secondary mini-basins in the 
Nordkapp Basin at the Triassic–Jurassic transition: (1) 
fault reactivation that transferred the stress towards one 
side or flank of the salt structure and slightly rejuvenated 
it in contrast to the static side or flank, in this way facili-
tating extension at the centre of the feeder and creating a 
sag basin over the crest of the salt structure (Figure 9d2) 
or (2) due to far-field stresses few salt structures have been 
rejuvenated preferentially more than others and this cre-
ated rotation of the mini-basins, whereas the precursor 
early-mid Triassic mini-basin rotation was caused by the 
sediment progradation. The mini-basin rotations in oppo-
site direction may create extension at the axis of the feeder 

and form dwarf secondary mini-basins over the crest of 
salt structures (Figure 15B5). In addition, the mobile salt 
from the source LES was almost exhausted that facilitated 
the dwarf secondary mini-basins development over the 
precursor diapirs. We suggest that these composite pro-
cesses along with the formation of the tabular to tapered 
CHS, the salt wings and the megaflaps have all created a 
heterogeneous sedimentary environment for the deposi-
tion of the upper Triassic–lower Jurassic reservoirs in the 
Nordkapp Basin (Figures 9d and 11b–c).

A continued growth of the salt structures took place 
in the late Jurassic-early Cretaceous during the regional 
extension that affected the marginal fault complexes in 
the Nordkapp Basin and facilitated additional accom-
modation space (Figures 13A6–B6, 14A14, 15A6–B6 and 
16A6–B6). During this time, the moderate growth of the 
salt structures can be attributed to gravity gliding and 
local salt evacuation (Nilsen et al., 1995; Rojo et al., 2019). 
Eventually, the entire Nordkapp Basin became covered by 
the prograding lower Cretaceous shelf-platform complex 
(Midtkandal et al., 2020) and the subsequent Paleocene 
sediments during a tectonically and halokinetically qui-
escent period (Figures  13A6–B6, 14A14, 15A6–B6 and 
16A6–B6). However, the large thickness differences for 
the lower Cretaceous to Paleocene strata in the mini-
basins compared with the same strata over the crest of 
the salt structures could be related to differential com-
paction and comparable with tertiary peripheral sinks 
developed around former highs above the salt structures 
(Jackson & Hudec, 2017; Trusheim, 1960). This is because 
the salt structures consist of non-compacted lithologies, 
whereas the siliciclastics in the mini-basins are prone to 
compaction below the overburden succession. Sediment 
loading and differential compaction have created addi-
tional accommodation space in the mini-basins that gives 
an impression of salt mobilisation due to large thickness 
variations (Figures 13B6, 14A14, 15A6–B6 and 16A6–B6).

5.3.2  |  Second rejuvenation phase: Eocene

Another main phase of rejuvenation occurred likely during 
the early-mid Eocene, when reactivation of Carboniferous 
structures took place in response to far-field stresses from 
the transpressional Eurekan/Spitsbergen orogeny farther 
to the NW, and the strata that buried the salt structures 
were upturned along their flanks (Figures  13A7–B7, 
14A15, 15A7–B7 and 16A7–B7; Gac et al., 2020; Hassaan 
et  al.,  2020, 2021a). In the Nordkapp Basin, the far-field 
stresses inverted some of the pre-salt normal faults along 
with reactivation of the structural highs depending on 
their orientation and controlled the style of salt reactiva-
tion (Figures  13A7–B7, 14A15, 15A7–B7 and 16A7–B7). 
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However, the rejuvenation intensity of the salt structures 
is partially dependent on the far-field stress propagation 
direction against the base-salt rift architecture but mainly 
to the salt structures type (walls vs. stocks), dip of the dia-
pir flanks and distance of the salt structures with respect 
to the deformation front (Duffy et  al.,  2018; Hassanpour 
et al., 2021a, 2021b; Santolaria et al., 2021; Figures 3, 8b, 
and 9d1). It is worth noting that within sub-basin SB2 this 
reactivation turned the pre-salt normal fault into a reverse 
fault. The latter reached to the seafloor along with move-
ment of the fault-block that raised the southern side of the 
mini-basin, squeezed the narrow salt structure and formed 
a secondary weld (Figures  8b and 13B6–7). We suggest 
that this specific reverse-fault could be related to the NTZ, 
which separates the NENB and CNB Nordkapp Basin seg-
ments (Figure 3b; Hassaan et al., 2021b).

The rejuvenation led to slight rotation of the mini-
basins and made the potential near-diapir stratigraphic 
traps to become steeper and the late Triassic–mid Jurassic 
reservoirs (within sequence S4) at the centre of the mini-
basins to become more tilted (Figures  13A7–B7, 14A15, 
15A7–B7 and 16A7–B7). The steeper and tilted units are 
likely to develop over-pressure due to the upward rota-
tion of strata, creating a large pressure head with top 
seal rocks that are unable to hold back a significant hy-
drocarbon column (Cumberpatch et  al.,  2021; Giles & 
Rowan, 2012; Heidari et al., 2019). Finally, the Cenozoic 
shelf uplift eroded post-middle Triassic to Eocene succes-
sions depending on the individual salt structure dynamics 
and increased the risk of leakage of significant volumes 
of hydrocarbons for possible earlier traps in the Nordkapp 
Basin (Figures 13A8–B8, 14A16, 15A8–B8 and 16A8–B8; 
Baig et al., 2016; Grimstad, 2016; Rojo et al., 2019).

6  |   CONCLUSIONS

We used a large data set comprising regional 2D seismic 
reflection profiles, 3D seismic data, and available wells (ex-
ploration and shallow boreholes), in conjunction with 2D 
structural restoration and 1D backstripping to study the 
post-salt evolution of the Nordkapp Basin in the Barents 
Sea. The composite Nordkapp Basin evolved above a com-
plex Carboniferous pre-salt rift architecture that resulted 
from the interaction of earlier (Timanian and Caledonian) 
basement structures and two extension phases and has af-
fected the thickness and depositional facies of a laterally 
varying LES.

Initially, regional mid-late Permian extension influ-
enced more the Caledonian than the Timanian struc-
tures beneath the Nordkapp Basin and reactivated 
pre-salt Carboniferous faults, leading to minor normal 
faulting in the lower-upper Permian strata and slight 

salt mobilisation towards the structural highs. The main 
salt mobilisation in the Nordkapp Basin took place in 
the earliest Triassic during sediment transport from 
the east, rapid sedimentation and differential load-
ing. The intense salt depletion influenced the initial 
sediment transport and this caused sediment routings 
along the basin axis, which reduced the subsidence in 
the surrounding mini-basins. We suggest that the input 
direction, velocity and thickness of the approaching 
prograding sediments triggered and sustained the early 
to late passive diapirism, salt expulsion and the deple-
tion of mobile salt from the ponds filled with the LES. 
However, the effect of the base-salt relief was also im-
portant as the smooth base-salt surface promoted a salt 
expulsion rollover structures accurately in the north-
eastern segment. However, the complex and dynamic 
base-salt relief dominated in the central segment of the 
Nordkapp Basin. In the early-mid Triassic, the input 
of prograding sediments and the regional thickness di-
rection have changed towards the NW, facilitating pro-
gressive salt expulsion, shift in salt evacuation towards 
the south and rotation of mini-basins. By the end of the 
mid Triassic, most of the salt from the LES was depleted 
in the northeastern and central segments. In the late 
Triassic, passive diapirism focused on the southwestern 
segment, while some of the salt structures in the north-
eastern and central segments were covered by prograd-
ing sediments emphasizing, in this way, the along-strike 
salt structure development.

During the Triassic–Jurassic transition, minor rejuvena-
tion of the salt structures took place due to reactivation of 
pre-salt Carboniferous structures caused by far-field stresses 
from the Novaya Zemlya fold-and-thrust belt to the east. We 
suggest that this minor rejuvenation caused further rotation 
of the developed mini-basins, formation of dwarf second-
ary mini-basins, and has influenced the sediment disper-
sal routings. Eventually, the prograding lower Cretaceous 
shelf-platform complex and subsequent Paleocene sedi-
ments buried the entire Nordkapp Basin during the tec-
tonically and halokinetically quiescent period. A second 
phase of main rejuvenation of the salt structures likely 
took place in the early-mid Eocene due to far-field stresses 
from the transpressional Eurekan/Spitsbergen orogeny to 
the NW. The propagated stress potentially inverted pre-salt 
Carboniferous faults along with reactivation of the struc-
tural highs depending on their orientation. Finally, the 
Cenozoic shelf uplift caused the erosion of post-middle 
Triassic to Eocene successions in the Nordkapp Basin.

The current study highlights the significance of the in-
terplay between sediment progradation, laterally varying 
LES, and the pre-salt rift architecture for the post-salt evolu-
tion in the Nordkapp Basin. The complex salt mobilisation 
and rejuvenation of the salt structures have influenced the 
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sediment dispersal in the mini-basins that may ultimately 
affect the distribution of potential reservoirs and source 
rocks within the Nordkapp Basin. The revealed processes 
and study outcomes can provide guidelines to understand 
other evaporite-dominated basins in the Barents Sea and 
salt-influenced rift basins in a worldwide perspective.
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