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Preface 

This PhD thesis is submitted in fulfilment of the requirements for the 

degree of Philosophiae Doctor (PhD) at the University of Stavanger 

(UiS), Norway. The research was carried out between June 2014 to June 

2018 and it was funded by the LoCrA consortium 

(https://wp.ux.uis.no/locra). During this period, I worked as a research 

fellow in the Department of Energy Resources, Faculty of Science and 

Technology at UiS. My main supervisor is Professor Alejandro Escalona 

(UiS) and my co-supervisor is Professor Nestor Cardozo (UiS). Industry 

collaboration was additionally established with Tore Åkermoem and 

Peter Abrahmson from MultiClient Geophysical, and with Emilie 

O’Neill from WesternGeco. During my PhD, I helped Professor 

Alejandro Escalona with the teaching of the introductory bachelor course 

in Geology (GEO100) and contributed to some courses in the Master of 

Petroleum Geosciences. 

This research has resulted in five publications. Four of these have been 

published in different journals, including: Journal of Geodynamics, 

Journal of Structural Geology, and Marine and Petroleum geology. One 

manuscript has been submitted to Marine and Petroleum geology and is 

currently under review. Besides these publications, I have presented my 

research in several conferences, seminars, and E&P oil and gas 

companies. This thesis is structured similarly to a scientific paper and 

consists of two chapters. The first chapter is an introduction to the thesis, 

with a description of the general problems, motivation, objectives, 

results, discussion, and conclusions. The second chapter is a compilation 

of the five papers forming the main body of the thesis. Supplementary 

material such as conference abstracts are provided in the appendices.  

  

https://wp.ux.uis.no/locra
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Abstract 

Structural styles and stratigraphic patterns along North Atlantic margins 

display a large spectrum of complexity and variability. An extensive 

amount of subsurface data from the north-central and south-western 

Barents Sea are used to: (1) at a larger scale understand how various plate 

tectonics regimes controlled structuring, faulting and sedimentation 

along the northern and southern margins of the Barents Sea; (2) at a 

smaller scale understand how the structural evolution of basin bounding 

faults impacted sedimentation in basins which were affected by one or 

more phases and multiple directions of extension; and (3) improve the 

knowledge about the paleogeography of the Barents Sea. In order to fulfil 

these objectives, this research consists of a systematic analysis which is 

summarized in five journal articles. 

Paper 1 improves the existing knowledge of the Early Cretaceous 

tectonostratigraphic development of the north-central Barents Sea based 

on observations from subsurface data, structural and plate tectonic 

restorations in an area distal from the northern margin of the Barents Sea. 

As result of this work, compressional tectonics in the Early Cretaceous 

is suggested to be induced by the opening of the Canada Basin which 

triggered reactivation of Late Palaeozoic normal faults in reverse mode. 

Reverse movement along these faults caused the formation of NE 

oriented structural highs and anticlines, which controlled and routed the 

progradation of Lower Cretaceous clastic material from the northern to 

the southern margins of the Barents Sea.  

The second paper focuses on understanding the Early Cretaceous 

structural evolution of the Tromsø Basin (proximal southern margin of 

the Barents Sea) in the context of the geodynamic processes acting in the 

southwestern Barents Sea. We propose an Early Cretaceous structural 

evolution of the Tromsø Basin which explains the formation of 

compressional features during rifting in the south-western Barents Sea. 
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2D gravity modelling and 2D structural restoration along a key regional 

composite seismic section, facilitated the interpretation and assessment 

of geodynamic constrains for the deeper structures below the Lower 

Cretaceous. These reveal thinner crust below the Tromsø Basin as 

compared to the Sørvestnaget and Hammerfest basins, which is 

suggested as the result of oblique extension in the southwestern margin 

of the Barents Sea. 

In the third paper and at a smaller scale, we integrate stratigraphic and 

structural observations with throw backstripping and time thickness 

maps to define the growth processes of a basin-bounding normal fault in 

the northern Polhem subplatform. During the initial Early Cretaceous 

rifting, the fault system consisted of at least five en-echelon segments, 

which were ca. 5–10 km long. Throw backstripping indicates that fault 

segments were hard-linked after this initial stage to form a single 40 km 

long fault zone. Cross fault incised valleys provide additional 

information on the topographic response to fault growth. Major valley 

incisions at the fault linkage zones outline the extent of the individual 

fault segments and support early isolated fault growth.  

The fourth paper focuses on a genetic correlation of the Lower 

Cretaceous succession between the north-central and south-western 

Barents Sea and Svalbard. The structural framework defined in paper 1 

is used to locate the main sediment routes and progradation directions. 

The latest Valanginian to earliest middle Albian sequences in the 

offshore Barents Sea are correlated with the onshore Rurikfjellet, 

Helvetiafjellet and Carolinefjellet formations in Svalbard. This results in 

the reconstruction of four paleogeographic maps that show the 

progressive evolution and sediment distribution over the Norwegian 

Barents Sea for: (1) the earliest Valanginian, (2) the latest Hauterivian, 

(3) the middle to late Barremian and (4) the latest Aptian. 

In the fifth paper, three tectonic events are suggested to control the 

deposition of the diachronous Lower Cretaceous clastic wedges around 
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the Loppa High: 1) the latest Jurassic – earliest Cretaceous uplift of the 

Loppa High which triggered the deposition of the older wedges 

progressively eastwards in the northern Hammerfest Basin; 2) the late 

Barremian–Aptian faulting episode in the western flank of the Loppa 

High, which resulted in the deposition of shallow and probably deep 

marine wedges; and 3) the latest Aptian to earliest Albian tilting of the 

Hammerfest Basin and the Loppa High, which modified the 

sedimentation patterns in the region. 

The results of this research can be applied beyond the Barents Sea, as 

they provide insights into margins and basins evolution, specifically on 

how: (1) oblique deformation along margins can control the inversion of 

pre-existing structures and routing of sediments, as well as modify 

paleogeography; (2) the growth of basin-bounding normal faults can 

affect sedimentation, with incised channels reflecting the early stage of 

fault growth; (3) paleogeographic reconstructions that reflect both the 

tectonic and stratigraphic setting can be used to understand sand 

distribution and sediment partitioning.  
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1 Introduction 

The Norwegian Barents Sea is part of an epicontinental basin (Fig. 1A) 

that exhibits a variety of tectonic regimes and structural architectures 

along its margins. Its tectonic history is mainly attributed to: 1) the Late 

Palaeozoic initial rifting that formed NE-SW striking rift basins; 2) the 

Late Jurassic – Early Cretaceous North Atlantic rifting which 

rejuvenated inherited structures; and 3) the Late Cretaceous – Paleogene 

strike-slip and extensional tectonics, which dominated the western and 

northern margins respectively (Breivik et al., 1998; Doré, 1991; Faleide 

et al., 1993; Gudlaugsson et al., 1998; Minakov et al., 2012; Ritzmann 

and Faleide, 2007; Ryseth et al., 2003). 

The Late Jurassic – Early Cretaceous tectonic processes are related to 

changes and reorganizations in plate tectonic configurations in the North 

Atlantic and Arctic regions (Lawver et al., 2002). Plate tectonic models 

for this time are uncertain due to the lack of constrains (e.g. lack of age 

control of magnetic anomalies and limited subsurface data; Hosseinpour 

et al., 2013; Rowley and Lottes, 1988; Seton et al., 2012). Therefore, the 

Early Cretaceous geodynamic processes related to the propagation of the 

North Atlantic rifting, the formation of the Canada Basin, and the 

influence of the High Arctic Large Igneous Province (HALIP) are some 

of the main tectonic events that modified the entire structural and 

paleogeographic setting of the Norwegian Barents Sea (Bryn et al.; 

Glørstad-Clark et al., 2011; Grogan et al., 1998; Grogan et al., 1999; 

Grundvåg and Olaussen, 2017; Henriksen et al., 2011; Kayukova and 

Suslova, 2015; Worsley, 2008). Therefore, understanding of these 

regional tectonic processes in the context of the structural and 

stratigraphic development of the Norwegian Barents Sea is crucial to 

better constrain the timing of tectonic events, geodynamic processes and 

plate kinematics of the North Atlantic and Arctic regions. 
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This study is a part of larger research project named “Lower Cretaceous 

Basin studies in the Arctic” (LoCrA; http://locra.ux.uis.no/), which is a 

consortium between industry and academia with the aim to enhance the 

knowledge of the tectonic configuration and basin infill in the Arctic 

during the Early Cretaceous. This study is focused on various scales of 

observation from margin to sub-basins in order to understand the 

interaction between tectonics and sedimentation, and involves the 

following problems: 
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Figure 1A) Main structural elements of the Barents Sea. The polygons highlight the location of 

the study areas of this research. Papers 1 and 4 (red polygon) are focused on the larger scale of 

the north-central Barents Sea. B) Papers 2, 3 and 5 (grey, blue and red polygons) are focused on 

a basin scale in the southwestern Barents Sea. 
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1.1 Problem 1. Distal impact of margin 

deformation to an intra-cratonic basin and 

development of drainage systems  

The northern margin of the Barents Sea has been less studied as 

compared to the other margins (e.g. southwestern Barents Sea; Fig. 1A). 

This is mainly due to limited data availability and the fact that the area is 

restricted for any commercial exploration. The structural evolution of the 

area is a key element for understanding the complex plate tectonic 

configuration of the Arctic region during the Early Cretaceous (Fig. 2). 

Most authors agree that during the earliest Cretaceous, the northern 

margin of the Barents Sea was dominated by compressional tectonics 

that resulted in the formation of NE oriented structural highs and 

anticlines due to reverse reactivation of the Late Paleozoic normal faults 

(Faleide et al., 2008; Grogan et al., 1998; Grogan et al., 1999). This 

resulted in SW and SE progradation of the Lower Cretaceous clastics 

today outcropping in Svalbard and Franz Josef Land (Glørstad-Clark et 

al., 2011; Henriksen et al., 2011; Worsley, 2008). However, this event is 

poorly described and its link to the tectonic processes in the Arctic region 

remains unknown.  
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Figure 2 Plate tectonic reconstruction for the Barents Sea during the Hauterivian (130 Ma). 

From a plate tectonic model provided by the “Plates” project at the Institute for Geophysics, 

University of Texas. The map shows the major tectonic events during the Early Cretaceous 

along the Barents Sea margins (red arrows and stippled lines). 

1.2 Problem 2. Tectonic basin development 

and its impact on sedimentation along the 

basin margin 

In the southwestern margin of the Barents Sea, the propagation of the 

North Atlantic rifting resulted in extensional tectonics with the 

development of deep basins and highs (Clark et al., 2014; Faleide et al., 

2008; Gabrielsen et al., 1990; Indrevær et al., 2016; Rønnevik et al., 

1982) (Fig. 1B). The interpreted structural framework of the Tromsø 
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Basin consists of faults which cannot be entirely explained by a 

stretching direction perpendicular to the main rift trend, and hence the 

evolution of some structures involving compression (e.g. Senja Ridge, 

Loppa and Veslemøy highs, Tromsø Basin) remains controversial 

(Faleide et al., 1993; Gabrielsen and Færseth, 1988; Indrevær et al., 

2013; Riis et al., 1986) (Figs. 3a – 3c). It has also been suggested that the 

complex structural configuration and sedimentation of the southwestern 

Barents Sea was influenced by inherited Caledonian or even older 

Precambrian basement structures (Barrère et al., 2009; Braathen et al., 

1999; Doré, 1991; Fichler et al., 1997; Gabrielsen, 1984; Gernigon et al., 

2014; Ritzmann and Faleide, 2007; Tsikalas et al., 2012). However, 

despite the apparent continuity and alignment of these structures with 

lineaments identified in the gravity or magnetic data (Tsikalas et al., 

2012; Gernigon et al., 2014; Indrevær et al., 2013), it is not clear how 

pre-existing basement faults controlled the evolution, architecture and 

sedimentation of the Tromsø Basin.  

 

Figure 3. Simplified sketch of previously proposed regional tectonic models for the Late Jurassic 

- Early Cretaceous tectonic evolution of the Tromsø Basin. Notice the differences in the Senja 

Ridge and Veslemøy High interpretations, as compressional structural features are formed by 

either a) sinistral and b) dextral strike-slip faulting along the Bjørnøyrenna and Ringvassoy fault 

complexes (Riis et al., 1986; Gabrielsen and Færseth, 1988), or c) regional extensional system 

with sinistral strike-slip movement along the Bjørnøyrenna fault complex (Faleide et al., 1993)  
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1.3  Problem 3. Impact of basin bounding 

normal faults evolution on sediment 

dispersal  

During the Early Cretaceous, active and growing normal fault systems in 

the southwestern Barents Sea controlled the distribution of the Lower 

Cretaceous clastic wedges along major fault complexes (Glørstad-Clark 

et al., 2011; Henriksen et al., 2011; Seldal, 2005; Sund et al., 1986; Wood 

et al., 1989) (Fig.1B). Most of the studies in the southwestern Barents 

Sea have been focused on the deposition of clastic wedges along major 

faults or structural highs to infer the timing of fault activity and the stage 

of rift development (Knutsen et al., 2000; Marín et al., 2018; Prosser, 

1993). These studies mainly assess the final fault geometries and 

displacements, and rarely look at the impact of fault evolution on the 

topographic and sedimentary response (Cartwright et al., 1995; 

Mansfield and Cartwright, 2001; Peacock and Sanderson, 1991). At a 

smaller scale than that of the northern and southern margins (problems 1 

and 2), assessing the history of growth of basin bounding normal faults 

is important to understand changes in basin paleo-topography during 

fault evolution, as it can provide information about early sedimentary 

entry points and drainage areas (Gawthorpe and Leeder, 2000).  
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2 Research aim and objectives  

This research focuses on multi-scale observations in the north-central 

and the southwestern Barents Sea from (1) far field tectonic effects on 

the Barents Sea margins, to (2) basin scale structural development, and 

to (3) individual fault segments evolution with implications for 

sediments dispersal (Figs. 1a and 1b). Considering this, the main 

objectives are: 

1. Document the structural and stratigraphic evolution of the north-

central Barents Sea during the Early Cretaceous, including the 

understanding of the mechanisms that controlled compressional 

tectonics in the area and its impact on paleogeography. Also 

improve the understanding of the regional tectonic processes in 

the Artic region (e.g. opening of the Canada Basin) and how these 

processes affected the study area.  

2. Describe the evolution, geometry and structural style of the major 

faults of the Tromsø Basin and their influence on deposition of 

the Lower Cretaceous sedimentary sequences. This contributes to 

the understanding of the geodynamic processes in the 

southwestern Barents Sea, and explains the formation of 

compressional features in this area.  

3. Understand the structural mechanisms controlling the 

sedimentation patterns and variation of depositional 

environments around the Loppa High. This contributes to a better 

knowledge of tectonic and sedimentation in complex areas which 

experienced more than one phase and multiple directions of 

extension.  

This study is multidisciplinary and it integrates seismic, potential field 

and well data interpretation, sedimentology and biostratigraphy. To 

achieve the above goals, we use a subsurface dataset of 2D and 3D 
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seismic data and wire line logs, which were provided by the Norwegian 

Petroleum Directorate, MultiClient Geophysics and WesternGeco.  

The study comprises three main articles in which I am the first author, 

and two additional articles led by Dora Marin and Sten-Andreas 

Grundvåg, respectively. The main three articles target specific problems 

related to the structural style and kinematics of basin margins and their 

bounding faults. The additional two articles are related to the integration 

of the sequence stratigraphic and tectonic framework of the Barents Sea 

during the Early Cretaceous. To meet the specific objectives of each 

paper, the research was performed as follows:  

In the first paper, a regional subsurface study of the north-central Barents 

Sea was performed. Detailed mapping of major faults and structural 

elements on the Norwegian and the Russian Barents Sea resulted in a 

holistic understanding of the various regional tectonic processes in the 

Arctic region, which affected the northern margin of the Barents Sea 

including its paleogeography.  

In the second paper, a basin scale subsurface study was performed in the 

Tromsø Basin and SW Barents Sea. The main emphasis was given to the 

interpretation of the fault network and detailed timing of fault movement, 

and the relation with the Lower Cretaceous sedimentary sequences. Also, 

gravity modelling along a regional composite seismic section, followed 

by structural restoration of this section that helped to constrain the basin 

configuration in the context of the geodynamic processes in the SW 

Barents Sea. 

The third paper is based on a detailed 3D seismic interpretation in the 

Polhem Sub Platform, SW Barents Sea. Detailed mapping of the footwall 

and hanging wall stratigraphy helped to describe the sequential growth 

of a basin bounding normal fault and how it controlled sediment 

distribution and dispersal patterns during several phases of extension. 
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In the fourth paper led by Sten-Andreas Grundvåg, the Early Cretaceous 

structural and stratigraphic framework of the offshore Barents Sea was 

integrated with that from Svalbard. As a result, a tectonostratigraphic 

link between the southwestern Barents Sea and Svalbard is discussed.  

In the fifth paper led by Dora Marin, a 2D and 3D seismic interpretation 

was performed around the Loppa High, SW Barents Sea. The tectonic 

control on sedimentation patterns around the Loppa High is discussed. 
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3 Study area and geological setting 

The research was carried out in two margins of the Barents Sea: (1) the 

north-central and (2) southwestern margins. These two margins are sub-

divided into basins, platforms and structural highs (Fig. 1). 

3.1 The north-central Barents Sea 

The north-central Barents Sea covers the offshore area between Svalbard 

and the northern part of Novaya Zemlya (Fig. 1a). As mentioned before, 

this area is poorly studied as compared to the remaining part of the 

Barents Sea (e.g. southwestern Barents Sea). 

Previous work in the region has documented a compressional event that 

resulted in tectonic inversion during the Late Jurassic – Early Cretaceous 

(Grogan et al., 1999). This compression resulted in reverse reactivation 

of Late Palaeozoic, NE-SW and E-W striking normal faults (Fig. 2) 

(Antonsen et al., 1991; Grogan et al., 1998; Grogan et al., 1999; Nikishin 

et al., 2014; Nikishin, 2013). Lower Cretaceous clinoforms in the 

southern Barents Sea reveal clastic source located to the NW and NE 

which builds the shelf southwards (Grundvåg and Olaussen, 2017; 

Kayukova and Suslova, 2015; Marin et al., 2017). These northernly to 

southernly progradation of the Lower Cretaceous clastic materials was 

related to uplift, formation of structural highs and anticlines in the north-

central Barents Sea (Kayukova and Suslova, 2015; Olaussen et al., 2019; 

Smelror et al., 1998). The north-central Barents Sea was also affected by 

the formation of the High Arctic Large Igneous Province (125–122 Ma), 

which resulted in extrusive magmatism and formation of WNW–ESE 

trending dykes (Corfu et al., 2013; Dibner, 1998; Evenchick et al., 2015; 

Polteau et al., 2016; Senger et al., 2014).  

During the Cenozoic, transpressional and transtensional deformation 

occurred between NE Greenland and the western Barents Sea. This 

deformation was responsible for the formation of the Vestbakken 
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provinces and the Svalbard fold and thrust belt (Bergh and Grogan, 2003; 

Faleide et al., 2008). These events modified the structural configuration 

of the north-central Barents Sea, by amplifying several structural highs 

and basins (Anell et al., 2014; Grogan et al., 1999). This was followed 

by glaciation and a tectonic uplift which caused erosion and exhumation 

of the northern Barents Sea (Dimakis et al., 1998; Knies and Gaina, 

2008). 

3.2 The southwestern Barents Sea 

The southwestern Barents Sea is located offshore of the north-western 

corner of the Norwegian mainland (Fig. 1b). Starting from the Late 

Palaeozoic, regional extension between Greenland and Norway resulted 

in the formation of NE–SW and E–W trending grabens and half grabens 

that were covered by Upper Carboniferous to Lower Permian carbonate 

platforms and thick evaporites (Gudlaugsson et al., 1998; Larssen et al., 

2002). The Early Triassic is marked by a rift episode, which has been 

documented in the North Atlantic region (Tsikalas et al., 2012). This 

rifting episode may have continued until the Middle Triassic (Smelror et 

al., 2009). During the Middle Jurassic – Early Cretaceous, northward 

advance of the Atlantic rifting enhanced a NE–SW and E–W Late 

Palaeozoic fault system and formed deep basins in the southwestern 

Barents Sea such as the Harstad, Tromsø, Bjørnøya and Sørvestnaget 

basins (Fig. 2) (Faleide et al., 2008; Gernigon et al., 2014). The Early 

Cretaceous rift episode along the NE–SW and E–W trending fault 

complexes (e.g. Ringvassøy–Loppa, Bjørnøyrenna, Asterias and Troms-

Finnmark) led to rapid subsidence and accumulation of the Lower 

Cretaceous sediments (Clark et al., 2014; Faleide et al., 2008); 

(Gabrielsen et al., 1990; Indrevær et al., 2016; Rønnevik et al., 1982). 

The Tromsø, Sørvestnaget and Bjørnøya basins experienced salt related 

deformation during this rifting event (Gabrielsen et al., 1990; Larssen et 

al., 2002; Sund, 1984). Three Early Cretaceous rift phases have been 

interpreted in the southwestern Barents Sea: Berriasian–Valanginian, 
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Hauterivian–Barremian and Aptian–Albian (Faleide et al., 1993). Local 

compression during the earliest Cretaceous has been identified in the 

northern part of the Tromsø Basin. This has been suggested to be the 

result of dextral strike slip movement along the Asterias Fault complex 

(Berglund et al., 1986; Gabrielsen et al., 1990; Sund, 1984), or localized 

tectonic inversion due to differential uplift of the Loppa High (Indrevær 

et al., 2016). 
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4 State of the art 

This section is a short review of previous studies regarding (1) oblique 

deformation and (2) fault growth styles along basin margins. 

4.1 Oblique deformation  

Commonly, oblique deformation occurs along margins where the 

extension direction is not orthogonal to the rift (Dewey et al., 1998; 

Sanderson and Marchini, 1984). The influence of obliquity on the 

structural styles of rift systems varies. This is often due to the rift setting, 

which is mainly controlled by tectonic inheritance (Hodge et al., 2018; 

Manatschal et al., 2015; Morley, 2017; Phillips et al., 2018), or from 

changes in crustal composition and configuration (Brune et al., 2017; 

Molnar et al., 2017; Mondy et al., 2018; Sippel et al., 2017). It is difficult 

to interpret oblique deformation using 2-D plane strain (Brune et al., 

2018). However, there are some key characteristics that can be attributed 

to this process, for instance segmented en échelon border faults oblique 

to the rift trend (Agostini et al., 2009; Brune and Autin, 2013; Clifton et 

al., 2000; Corti, 2008; Withjack and Jamison, 1986), or uncommon 

crustal thinning (e.g. sharp transitions) along the margin (Montési and 

Behn, 2007).  

In the Norwegian Barents Sea, propagation of the North Atlantic rifting 

from the southwest towards the north-central margins was aborted during 

the Cretaceous (Faleide et al., 2008) (Fig. 2). This has been associated 

with complete reorganization of crustal extension which led to oblique 

deformation in the southwestern Barents Sea (Faleide et al., 2008; 

Gernigon et al., 2014). Early Cretaceous oblique deformation in the 

southwestern parts of the margin is partially evident in the Tromsø and 

Bjørnøya basins, where the fault trends are oblique to the regional, 

inherited structural grain (Breivik et al., 1998; Gabrielsen et al., 1990; 

Gernigon et al., 2014; Henriksen et al., 2011; Ritzmann and Faleide, 

2009; Smelror et al., 2009). Most of the plate tectonic reconstructions for 
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the Early Cretaceous place the Canada Basin adjacent to the northern 

margin of the Barents Sea (Barnett-Moore et al., 2018; Doré et al., 2015; 

Seton et al., 2012). Opening of the Canada Basin (∼145–126 Ma) 

resulted in large scale crustal up-doming which affected the northern 

margin of the Barents Sea (Alvey et al., 2008; Grogan et al., 1999). The 

models for opening of the Canada Basin are still a matter of debate, and 

they are supported by inconclusive or indirect observations (Cochran et 

al., 2006; Døssing et al., 2013; Dove et al., 2010; Lawver and Scotese, 

1990). Recent studies (Alvey et al., 2008; Hadlari et al., 2016) reveal 

evidences supporting oblique deformation along the northern margin of 

the Barents Sea (e.g. northern margin of the Lomonosov Ridge; 

Evangelatos and Mosher, 2016; Gaina et al. 2014). These studies 

document Early Cretaceous oblique deformation in the context of 

regional tectonic processes along the margins of the Norwegian Barents 

Sea. However, no studies have been conducted to understand the impact 

of oblique deformation on inherited basins and sedimentation.  

4.2 Fault growth and linkage 

Observations from outcrop and subsurface datasets, and analogue and 

numerical models suggests two main ways of fault growth: (1) the 

isolated fault model, where growth and linkage of individual fault 

segments occur through displacement and lateral propagation of their 

tiplines (Cartwright et al., 1995; Dawers and Anders, 1995; Dawers et 

al., 1993; Walsh and Watterson, 1988; Watterson, 1986) (Fig. 4a), and 

(2) the constant length fault model, where faults reach their near-final 

length relatively early in their slip history, and accumulation of 

displacement occurs without further lateral tipline propagation (Childs et 

al., 2003; Giba et al., 2012; Jackson and Rotevatn, 2013; Morley, 2002; 

Nicol et al., 2016; Schlagenhauf et al., 2008; Tvedt et al., 2016; Walsh et 

al., 2003; Walsh et al., 2002) (Fig. 4b). In the last 30 years, these two 

models have been a matter of discussion and debate, as the styles of fault 

growth and rate of tipline propagation impact the tectono-stratigraphic 
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development of sedimentary basins (Gawthorpe and Leeder, 2000; 

Henstra et al., 2016; Jackson et al., 2017). The character of the initial 

stage of fault growth remains unclear, since very few studies have been 

able to capture the earliest (and short lived) stage of fault growth 

(Schlagenhauf et al., 2008) (Fig. 1c). 

In the Norwegian Barents Sea, most of the major fault complexes have 

been analyzed with the aim of establishing fault geometry, architecture 

and processes controlling faulting (Braathen et al., 2009; Fisher and 

Knipe, 2001; Gabrielsen et al., 1990; Gabrielsen et al., 2016). To our 

knowledge, there are no studies in the Barents Sea documenting how 

fault growth affects sediment distribution (Fossen and Rotevatn, 2016; 

Torabi et al., 2019).  

 

 

 

Figure 4 Top views illustrating the (A) isolated and (B) constant length models of fault growth. 

Numbers represent fault growth stages: (1) initiation, (2) interaction, and (3) linkage. (C) 

Displacement versus length through time for the two models. 
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5 Summary of papers 

5.1 Paper 1: Early Cretaceous 

tectonostratigraphic evolution of the north-

central Barents Sea  

In this paper, we investigate the structural evolution of the north-central 

Barents Sea during the Early Cretaceous, and the influence of fault 

activity on sedimentation in the area. This is achieved by integrating 2D 

seismic data, two exploration wells, and information of shallow cores 

from the Norwegian and Russian sectors. As result of this work (Fig. 5), 

three fault families, two Lower Cretaceous seismic sequences, and seven 

seismic facies, are interpreted in the area. During the Hauterivian–Early 

Barremian (sequence 1), a syn-tectonic phase is observed, where fault 

families 1 and 2 of Late Paleozoic age were reactivated as reverse faults 

and induced the uplift of NE–SW and E–W structural highs on the Kong 

Karls Land Platform and the North Barents Basin. During the Early 

Barremian–Early Aptian (sequence 2), the study area experienced a 

tectonically quiescent period, where the increase of clastic supply from 

the N–NE was responsible for sediment progradation towards the S–SW 

Barents Sea. The progradation was controlled and routed by structural 

highs inherited from the Hauterivian–Early Barremian inversion. Later, 

a post Early Cretaceous reactivation was responsible for the reactivation 

of the Late Jurassic – Early Cretaceous inverted faults and structures. Our 

results suggest that three main regional tectonic events controlled the 

inversion of the Late Paleozoic faults, resulting in development of 

structural highs in the north-central Barents Sea (Fig. 5): 1) dextral 

transpression along Novaya Zemlya, which was responsible for 

inversion on the ESE flanks of the North Barents Basin; 2) dextral 

movement along a paleo-boundary of the northern margin of the 

Lomonosov Ridge during opening of the Amerasia Basin, which 

controlled the inversion in the Kong Karls Land platform and the Olga 

Basin; and 3) a compressional event in the present day NE Greenland, 
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and Ellesmere Islands and the NW Barents Sea (NW Svalbard), which 

contributed to uplift in Svalbard and inversion in the rest of the study 

area. 

 

Figure 5 Plate reconstruction map from the “Plates” project (https://ig.utexas.edu/marine-and-

tectonics/plates-project/) for the Hauterivian (130 Ma) overlain with the interpreted structural 

elements in paper 1 and integrated with previous studies.  

5.2 Paper 2: The Early Cretaceous evolution of 

the Tromsø Basin, SW Barents Sea, 

Norway  

Extensional basins developed along oblique or transform margins are 

less studied as compared to those basins developed along orthogonally 

extended margins. This study presents an example of a basin developed 

along an oblique margin, namely the Tromsø Basin, which developed 

along the southwestern Barents Sea transform margin. Three previous 

models have been proposed to explain the tectonic evolution and 

architecture of the basin, but still there is no consensus on the 

development of individual structures and compressional faults in this 

basin. In this study, we use fairly new 2D industry seismic reflection 
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data, potential field and well data, as well as previously published 

information, to understand the Early Cretaceous structural evolution of 

the Tromsø Basin in the context of the geodynamic processes in the 

southwestern Barents Sea. Modeled gravity anomalies along a depth 

converted 2D regional seismic section facilitated the interpretation of 

crustal structures, which then were structurally restored. We propose a 

revised Early Cretaceous structural model for the Tromsø Basin, which 

involves oblique extension and formation of an intra-basinal, 

transpressional transfer zone (Figs. 6a – 6c). This can explain reverse 

faulting in the study area. Basement heterogeneity played an important 

role in focusing and localizing strain. 2D sequential restoration of a 

regional profile above yields an estimate of ca. 35 km of crustal extension 

in the SW Barents Sea margin, from the earliest Cretaceous until the 

present, which is relatively smaller than previous estimations (e.g. 85 km 

by Breivik et al. 1998). Discrepancies are attributed to the differences in 

the calculation methods, where our results were based on 2D structural 

restoration, and Breivik et al., 1998 derived extension from crustal 

stretching factor. Moreover, from the earliest Cretaceous until Albian 

(seismic unit 2), the Tromsø and Sørvestnaget basins developed as a 

single large basin in the SW Barents Sea margin. Crustal thickness along 

the gravity modeled 2D regional section displayed a thinner crust below 

the Tromsø Basin as compared to the Sørvestnaget and Hammerfest 

basins. This is considered as uncommon for orthogonally rifted passive 

margin models and observations, where crustal thickness typically 

decreases towards (e.g. Sørvestnaget Basin) the continent – oceanic 

boundary (Peron-Pinvidic et al., 2013). Therefore, we suggest that the 

abnormal crustal thickness within the necking zone area is the result of 

oblique rifting and segmentation in the margin, where increase in 

obliquity decreases stretching and crustal thinning (Montési and Behn, 

2007). This study illustrates the importance of detailed and regionally 

integrated analysis of rifted basins for reconstructing their evolution, as 

analysis of oblique rifted basins using two-dimensional plane strain can 

lead to erroneous assessment of faulting style and deformation. 
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Figure 6. Proposed structural model for the Tromsø Basin and distribution of the main 

depocenters (grey polygons) during Early Cretaceous: A) Valanginian – Late Barremian 

extension was accommodated by west dipping boundary faults of FF1 (e.g. fault segments of 

TFFC and BFC), which resulted in the formation of the internal fault system FF2; B) The Aptian 

– Albian is marked by a transpressional setting along a transfer zone which is related to the 

oblique opening of the Tromsø Basin, where basement heterogeneity localized strain; and C) The 

Cenomanian is considered a tectonically quiescent period, where most of the fault activity 

occurred in the western and north-western flanks of the Tromsø Basin. 

 

5.3 Paper 3: Growth and linkage of a basin-

bounding fault system: Insights from the 

Early Cretaceous evolution of the northern 

Polhem Subplatform, SW Barents Sea 

Observations from outcrop and subsurface datasets, as well as physical 

and numerical models suggest two ways of fault growth: (1) growth and 

linkage of individual fault surfaces through lateral propagation of the tip-

lines (isolated model), or (2) near-final fault length formed relatively 

early in the slip history and displacement accumulation without lateral 

propagation of the tip-lines (constant-length model). This study 

integrates stratigraphic and structural observations with throw 

backstripping and time thickness maps to define the growth of a normal 
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fault in the northern Polhem Subplatform, SW Barents Sea (Figs. 1b and 

7a – 7d). During the initial 15 My of Early Cretaceous rifting, the studied 

fault was comprised of at least five en-echelon segments (ca. 5–10 km 

long). Throw backstripping indicates that these fault segments were 

hard-linked after this initial stage to form a single 40 km long fault (Fig. 

7d). Major incised valleys coincide with the location of the fault linkage 

zones and outline the extent of the individual fault segments, supporting 

early isolated fault growth (Fig. 7c). Based on fault throw backstripping, 

valley incision was able to keep up with fault slip, such that it remained 

unaffected by the fault linkage stage. This study highlights the 

importance of integrating stratigraphic and structural observations 

during reconstruction of fault growth history, where syn-rift erosional 

features, sediment thickness variations, sediment distribution, stratal 

geometries and onlaps/truncations are critical for estimating the growth 

of these structures. 
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Figure 7 (A) Time thickness map along the studied fault in the Polhem Subplatfrom showing 

distribution of depocenters. (B) Composite line along the fault (red line in A). (C) Composite line 

in B flattened to the top S1 horizon, illustrating the distribution of scoop-shaped depocenters in 

the S0 interval. (D) Interpreted paleo-location of isolated fault segments and hanging wall 

depocenters. 

5.4 Paper 4: The Lower Cretaceous 

succession of the western Barents Shelf: 

onshore and offshore correlations 

This paper was led by Sten-Andreas Grundvåg. My main contribution 

was related to the correlation of the Lower Cretaceous sequences and 

providing examples and descriptions of the clinoforms in the north 

central Barents Sea. In this paper, we integrate biostratigraphic analysis, 

outcrop data and seismic and well information of the north-central 

Barents Sea, with the aim of establishing a genetic link of the Lower 

Cretaceous successions onshore and offshore. In addition, this study 
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discusses the regional paleogeography, depositional controls, sediment 

partitioning and sand distribution in the area. This information is key to 

understand the basin infill and the sedimentary processes that occurred 

in the western part of the Barents Sea during the Early Cretaceous. We 

suggest that three sequences defined in the southwestern Barents Sea, 

with an age of latest Valanginian–earliest middle Albian (S1–S3), 

correlate with the Rurikfjellet (Valanginian – Hauterivian/early 

Barremian), Helvetiafjellet (early Barremian – early Aptian ) and 

Carolinefjellet (early Aptian, middle Albian) formations in Svalbard. 

Based on age control, we propose that the Barremian clinoforms 

(sequence 1) identified in the western Olga Basin, Fingerdjupet subbasin 

and western part of the Bjarmeland platform correlate with the upper part 

of the Rurikfjellet Formation and a Barremian unconformity identified 

in Svalbard (Figs. 8a and 8b). In addition, the southeastward 

progradation direction of these offshore clinoforms reflect a similar 

pattern that the paleocurrents of the Rurikfjellet and Helvetiafjellet 

formations. This suggests that the offshore and onshore depositional 

system were under the influence of the same paleo-drainage. The 

apparent lack of sandstone in the shelf-margin clinoforms is interpreted 

as a result of the physiographic conditions of the basin, such as storm 

waves, tidal and alongshore currents. These conditions may have 

contributed to the sand being trapped in areas such as the inner shelf. 

Finally, four paleogeographic reconstructions are made: 1) the earliest 

Valanginian, characterized by a carbonate platform, sediment starvation 

and the development of clastic wedges in basins such as the Hammerfest 

Basin; 2) the latest Hauterivian, when Greenland is proposed as the 

source of the southeastward directed shallow marine wedges in the 

western part of the study area; 3) the middle to late Barremian, 

characterized by a fluvio-deltaic system triggered by the uplift of the 

northern Barents Sea; and 4) the latest Aptian, when the main platform 

areas were flooded and a seaway connected the Barents Sea and the 

Canada Basin.  
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Figure 8 Summary of paper 4 showing the suggested A) offshore and B) onshore genetic link of 

the Lower Cretaceous sequences (for more information the reader is referred to the full article). 

 

5.5 Paper 5: Effects of adjacent fault systems 

on drainage patterns and evolution of 

uplifted rift shoulders: The Lower 

Cretaceous in the Loppa High, 

southwestern Barents Sea 

This paper was led by Dora Marin. In this study, we integrate the 

information from the previous papers, in addition to new observations 

from the western flank of the Loppa High, in order to describe the 

distribution and timing of diachronous clastic wedges around the Loppa 

High (Fig. 9). Additionally, this paper aims to understand how 

multidirectional and diachronous tectonic activity in the area conditioned 

the Lower Cretaceous sedimentation. Based on detailed mapping of 

seismic wedges within a chronostratigraphic framework, and 
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palynological analysis, we propose that three events controlled the 

distribution of the Lower Cretaceous wedges: 1) an uplift event of the 

Loppa High during the latest Jurassic–earliest Cretaceous (Sund et al., 

1986; Berglund et al., 1986; Wood et al., 1989; Glørstad-Clark, 2011; 

Clark et al., 2014), which deposited progressively younger wedges 

towards the east of the Hammerfest Basin as result of lateral and vertical 

fault propagation. This induced eastward switching of the sediment input 

points. The northernmost part of the Loppa High is interpreted as a local 

depocenter during the early Barremian, due to the proximity of clinoform 

progradation. 2) Faulting in the western flank of the Loppa High along 

the Ringvassøy-Loppa and Bjørnøyrenna fault complexes, which 

triggered the deposition of syn-rift wedges during the late Barremian–

Aptian. The wedges were partially deposited in shallow marine 

environments, but probably also in deep marine environments. An upper 

Barremian to lower Aptian syn-rift unconformity is interpreted in the 

western flank of the Loppa High and in the Fingerdjupet Sub-basin. 3) A 

renewed uplift and eastwards tilting event of the Loppa High and 

Hammerfest Basin during the late Aptian–early Albian. This event is 

supported by: the eastward migration of the depocenter location, a 

deflection towards the east of submarine fans deposited in the 

northwestern part of the basin, an unconformity in the western and 

southwestern flanks of the Loppa High, and progressively deeper 

environments towards the eastern part of the Hammerfest Basin and the 

Bjarmeland platform. The last observation is based on the height of the 

clinoforms (80–200 m in the eastern part of the Hammerfest Basin and > 

500 m in the Bjarmeland Platform). This event redirected the drainage 

system away from the Tromsø Basin towards a gentler slope, where it 

sourced the clinoforms in the northeastern part of the Hammerfest Basin. 

Fault activity in the western flank of the Loppa High contributed to the 

uplift of the northernmost part of the Loppa High. 
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Figure 9. 3D cartoons illustrating the three main events controlling the deposition of the clastic 

wedges around the Loppa High. For a more detailed explanation of these figures, please see paper 

5. 
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6 Discussion 

This section describes the contribution of the thesis to the knowledge of 

the tectonostratigraphic evolution of the Norwegian Barents Sea 

margins, as well as the global implications of this study. Specifically, we 

discuss the implications of both, margins and basin scale deformation on: 

1. deposition of the Lower Cretaceous sediments, 2. fault growth and the 

physiographical and tectonostratigraphic evolution of rift basins, 3. the 

variables controlling the bypass of coarse-grained sediments into the 

basin, and 4. regional paleogeography. 

6.1 Implications of margin-scale oblique 

deformation on structural styles  

Oblique deformations produce 3D strain which cannot be characterized 

by simplified 2D plane strain (Brune et al., 2018). In the southwestern 

and north-central Barents Sea, most of the Early Cretaceous 

compressional features have been analyzed assuming 2D plane strain, 

where the analyzed cross section is parallel to the postulated contraction. 

This leads to a poor explanation of the compressional structures in the 

context of the overall Late Jurassic – Early Cretaceous tectonic setting 

of the margins (Antonsen et al., 1991; Grogan et al., 2000; Grogan et al., 

1999; Faleide et al., 1993; Gabrielsen et al., 1990; Rønnevik et al., 1982), 

though several attempts have been made to relate the compression to 

basement heterogeneity, which could be locally responsible for the 

change of strain (Barrère et al., 2009; Braathen et al., 1999; Doré, 1991; 

Fichler et al., 1997; Gabrielsen, 1984; Gernigon et al., 2014; Ritzmann 

and Faleide, 2007; Tsikalas et al., 2012; Indrevær et al., 2016). In this 

research, compilation of the regional tectonic events, deformation 

patterns, mapping of key faults and their associated structures, and 

mapping of the Lower Cretaceous clastic wedges allowed us to constrain 

in more detail the tectonic events that operated during this period.  
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In the north-central Barents Sea (paper 1), the interpreted compression 

along NE – SW trending faults is caused by the counterclockwise 

opening of the Canada Basin (Grantz et al., 1998; Lawver et al., 2002; 

Shephard et al., 2013). This was responsible for the formation of 

restraining and releasing bends along the paleo-position of the 

Lomonosov ridge (Evangelatos and Mosher, 2016; Minakov et al., 

2012). We suggest that reactivation/inversion of the inherited Late 

Paleozoic normal faults is the result of transpressional deformation along 

the northern margin. These processes are very similar to those observed 

along the present day Dead Sea transform fault (DSTF; Weber et al. 

2009). Particularly, in the northern part of the DSTF, transpressional 

deformation produced restraining bends which resulted in the formation 

of several anticlines that are oblique to the DSTF (Gomez et al., 2007). 

This is an analogue of far field strain caused by oblique deformation 

along margins, which reactivate inherited weak fault zones in reverse 

mode. 

In the southwestern Barents Sea (paper 2), plate tectonic reorganization 

during the Early Cretaceous resulted in progressive changes in the 

direction of extension (Lawver et al., 2002; Bernett-Moore et al., 2018; 

Dore et al., 2016; Seton et al., 2012). The latest plate tectonics models 

by Barnett-Moore et al., 2018, suggest that from 200 Ma until 80 Ma, the 

plate tectonics movement between Greenland and Norway had mainly a 

NW – SE direction, which shifted at 80Ma to an almost N – S direction. 

Hence, we suggest that before shifting to the N – S direction, the 

southwestern Barents Sea margins was subjected to oblique deformation 

that affected the basin evolution. The proposed oblique opening of the 

Tromsø Basin generated secondary intra-basinal normal faults (Gernigon 

et al., 2014; Faleide et al., 2008), which are oblique to the inherited fault 

network (consistent with Bonini et al. 1997 and McClay and White, 

1995). Compressional faulting in the northern Tromsø Basin can be 

explained as an intra-basinal, transpressional transfer zone, which overall 
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fits the oblique opening of the basin (McClay et al., 2002; McClay et al., 

2004).  

Modeled gravity anomalies along the composite 2D regional seismic 

section facilitated interpretation of the crustal structures. The distribution 

of the crustal stretching (β) factor in the southwestern Barents Sea is 

unlike orthogonally rifted margins (Peron-Pinvidic et al., 2013). The 

crust below the narrow and confined Tromsø Basin appears to be thinner 

than in the more distal Sørvestnaget Basin, thus not follow the expected 

values proposed for extensional margins (consistent with Breivik et al., 

2018, Gernigon et al., 2014; Osmundsen and Peron-Pinvidic, 2018). This 

may suggest that in addition to the expected thinning of the crust during 

formation of the margin within the necking zone, Early Cretaceous 

rifting in the southwestern Barents Sea was involved to a certain degree 

of obliquity where rift parallel deformation most likely decreased crustal 

thinning (Crosby et al., 2011; Montési and Behn, 2007). Therefore, it is 

important to integrate the regional tectonic setting in order to understand 

the basin-scale faulting style and architecture, particularly for complex 

margins that were subjected to changes in extension direction. This study 

could serve as a subsurface analogue for basins that developed during 

oblique extension with inherited basement structures.  

6.2 Implications of normal fault growth for the 

physiographical and tectonostratigraphic 

evolution of rift basins 

The growth history of basin bounding normal faults and interaction with 

deposition of the Lower Cretaceous clastic wedges are discussed in 

papers 3 and 5. The two main models of fault growth, isolated versus 

constant-length, are undistinguishable after the faults have attained their 

final displacement and length as seen in figure 4 a-b. During the last 30 

years, both models have been a matter of discussion and debate (Childs 

et al., 2017; Jackson et al., 2017). A major difference in these two models 
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is the early growth history of fault displacement versus length (Figs. 4a 

and 4b), which requires detailed knowledge of fault evolution. In paper 

3, a large normal fault (854 m throw) with good record of syn-

sedimentary strata in the hanging wall and footwall was chosen to 

analyze fault growth. Based on fault throw backstripping, we suggest that 

initially the fault grew in accordance with the isolated model and its near 

final length was obtained at ∼37.5% of its slip history. This is longer 

than the time suggested by recent compilations by Jackson et al. (2017) 

and Childs et al. (2017), who suggest that final fault length is established 

within ∼10 – 33% of the fault slip history. Limited vertical seismic 

resolution (>30 m) and absence of hanging-wall well data introduce 

additional uncertainties for understanding of the earliest stages of fault 

growth. Therefore, incised valleys served as key markers for unraveling 

the growth of the interpreted fault. Thickness map analysis and throw 

backstripping suggest that fault segments formed earlier than the incised 

valleys, and hence controlled paleo-drainage, where low areas developed 

between the fault segments during the early stages of fault growth were 

exploited by the incised valleys (this is consistent with Gawthorpe and 

Leeder, 2000). This suggests that the categorical distinction between the 

isolated versus the constant-length fault growth model may be too 

simplistic, at least for large basin bounding faults. Detailed interpretation 

of stratigraphic features, in this case incised valleys, may provide 

additional information for understating the fault evolution. 

6.3 Implications for the regional 

paleogeography 

Most sedimentary processes are related to tectonic processes to some 

extent (Dickinson, 1974). Their direct or indirect relationship can vary 

from coarse sediments sourced from uplifted areas or fault scarps to fine 

sediments deposited in broad sheets away from any direct tectonic 

influence. In the Barents Sea, structural adjustment in the northern 

margin (e.g. opening of the Canada Basin, HALIP) triggered southward 
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progradation of Lower Cretaceous clastic material (Marin et al., 2017; 

Kayukova and Suslova., 2017; Grundvag et al., 2017). Although the 

main source of the siliciclastics has been suggested to be the area in the 

N (e.g. North Kara region, Frans Josef Land, etc.) and W-NW (e.g. 

Greenland), inverted NE – SW striking structural highs in the north-

central Barents Sea served as local sediment sources and controlled 

regional sediment dispersal by funneling fluvio-deltaic systems in a SW 

direction. This has implications for the paleogeography and tectonic 

reconstructions of the Arctic. For instance, it implies that during the 

Early Cretaceous, continental areas were present along the northern 

edges of the Barents Sea and sourced siliciclastic material to the S and 

SW Barents Sea.  

Previous works in the northern Barents Sea (including the Russian 

sector) provide general paleogeographic maps for mainly three intervals 

corresponding to the Valanginian, Barremian and Albian (Smelror et al., 

2009 and Worsley, 2008). These maps mainly give information about the 

location of the continental areas, the shelf and the deep-water 

environments. In contrast to these previous works, we constructed 

paleogeographic maps for four time intervals, where mapping of the 

structurally uplifted and eroded highs, and distribution of clinoforms 

allowed us to define possible continental areas, deltas and shorelines 

(papers 1 and 4). The main strength of these paleotectonic and paleo-

depositional reconstructions is the integration of several geological 

observations, such as sequence stratigraphy and seismic facies analysis, 

sedimentological descriptions of core data and outcrops, and 

biostratigraphy. These paleogeographic reconstructions help to 

understand the source of silisiclastics and predict the distribution of 

potential reservoir sandstones in the study area.  

6.4 Limitations 

Although this research has significant implications for the understanding 

the tectonic processes in the Norwegian Barents Sea, it is important to 
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highlight the main limitations related to the data and methods. 

Highlighting these limitations is essential for future research as it may 

promote the development of new seismic processing techniques (e.g. de-

multiple) and seismic acquisition methods (e.g. shallow water source 

configurations).  

Seismic data 

It is well known that acquisition of 2D and 3D seismic data in the Barents 

Sea is often related to hydrocarbon exploration. The north-central 

Barents Sea is restricted for any hydrocarbon exploration activities. 

Consequently, it is covered by a sparse 2D seismic grid with average 

distance ca. 15 km. This makes difficult the seismic interpretation of key 

horizons and faults. Poor imaging and abundancy of seafloor multiples 

due to shallow water depths require better processing techniques. 

Additionally, the 2D seismic sections are often oblique to the main 

structural lineaments, which affect the understanding of their true 

geometries (e.g. faults, clinoforms). 

Well data 

A limited amount of exploration wells in the north-central and 

southwestern Barents Sea contribute to the uncertainty in time-to-depth 

conversion and structural restoration. The lack of exploration wells 

makes difficult the correlation between gamma-ray logs and seismic 

facies. We experienced this limitation in papers 1 and 3 where several 

seismic facies have not been drilled by exploration wells, and the 

interpretation of depositional environments was based only on seismic 

reflectivity and internal architectures. 

 

 



Recommendation for future work 

43 

7 Recommendations for future work 

Plate tectonic reorganization can often lead to changes in the stress and 

strain fields along margins (Brune et al., 2018). Most previous works, 

including our research in paper 2, focus on specific cases of rifted 

systems, which involve a certain degree of obliquity (Fournier et al., 

2004; Lizarralde et al., 2007; Klimke and Franke, 2016; Phethean et al., 

2016). Quantification of rift obliquity through time is more difficult since 

it requires detailed documentation of syn-rift evolution. Further research 

should be oriented towards validating such quantifications, as it may 

provide better kinematics constrains for plate tectonics reconstructions.  

The detailed fault growth history from paper 3 indicates that the ongoing 

debate between the two competing fault growth models (isolated versus 

constant length) may be too categorical. Some authors claim that there is 

an overall bias in favor of the isolated fault growth model, while the 

majority of the natural examples of active or extinct fault systems show 

characteristics of the constant length model (Nicole et al., 2016; Rotevatn 

et al., 2018; Rotevatn e t al., 2019). Therefore, future research related to 

the growth of normal faults should be oriented to better document the 

initial lengthening stages of fault evolution. This might be achieved by 

integrating high-resolution seismic imaging techniques and well data 

(e.g. biostratigraphy), which can allow mapping fault structure and 

associated growth strata (Taylor et al., 2004; Nicol et al., 2005).  
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8 Conclusions  

Based on detailed analysis of subsurface data, this research has improved 

the geological understanding of the structural elements and depositional 

patterns of the north-central and southwestern Barents Sea margins. Our 

main findings are: 

1) The inverted pre-existing fault network in the north-central Barents 

Sea guided the deposition and progradation of the Lower Cretaceous 

clastics. The interpreted deformation pattern and structural imprint of 

the area supports a counterclockwise model for the opening of the 

Canada Basin. This interpretation may contribute to the 

understanding of how deformation along margins can affect fault 

evolution and sediment distribution in distal areas. 

2) Basins that evolved in an oblique setting (e.g. Tromsø Basin), likely 

display a complex fault pattern with abnormal crustal thickness and 

compressional structures that can be easily misinterpreted. Analyzing 

major basin bounding faults in the context of the overall plate 

tectonics setting and basin configuration is key to understand the 

main factors controlling fault distribution. 

3) Detailed analysis of a basin bounding normal fault shows that the 

categorical distinction between isolated versus the constant-length 

fault growth models may be too simplistic, at least for large basin 

bounding faults. Analysis of sedimentation or erosional processes 

(e.g. incised valleys) can provide key information for unraveling the 

early growth history of these faults.  

4) In contrast to previous works, more refined and detailed regional 

paleogeographic maps for the Norwegian Barents Sea were built. 

Each time interval reflects the structural and stratigraphic evolution 

of the area. These paleogeographic maps can help to predict 

sandstone distribution, and better understand the evolution of the 

Arctic during the Early Cretaceous. 
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ABSTRACT 

Extensional basins developed along oblique or transform margins are 

least studied basins as comparted to those developed along orthogonally 

extended margins, therefore their evolutionary models are controversial. 

This study present an example of the basin, namely Tromsø, which 

developed along the Southwestern Barents Sea transform margin. Three 

previous models have been proposed to explain the tectonic evolution 

and architecture of the basin, but still no consensus on how the 

development of the individual structures is reached. In this study, we use 

2D industry seismic reflection data, potential field and wells data, as well 

as previously published information to understand the Early Cretaceous 

structural evolution of the Tromsø Basin in the context of the 

geodynamic processes in the south-western Barents Sea. Modelled 

gravity anomalies along a composite 2D regional seismic section 

facilitated the interpretation of crustal structures, which then were used 

for a 2D structural reconstruction. Unlike any previous models, we 

propose a new Early Cretaceous structural evolutionary model for the 

Tromsø Basin, which involves oblique extension and the formation of an 

intra-basinal transfer zone with transpressional strike slip fault systems. 

The basement heterogeneity suggested to have played important role in 

focusing and localizing strain in the area. The 2D sequential restoration 

of the regional profile yields an estimate of ca. 35 km of crustal extension 

from the earliest Cretaceous until present. Thinner crust below the 

Tromsø Basin as compared to Sørvestnaget and Hammerfest basins is 

suggested to be additional characteristics favoring the oblique rifting of 

the margin. This study illustrates the importance of integrating regional 

tectonic settings when reconstructing the evolution of basin-bounding 

faults.  
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INTRODUCTION  

The structural evolution of orthogonally extended passive margins and 

basins are well documented through outcrop and subsurface studies 

(Badley et al., 1988; Bell et al., 2009; Ebinger, 1989; Jackson and 

Rotevatn, 2013; Lehner and De Ruiter, 1977; Moustafa, 1993; Sharp et 

al., 2000; Spathopoulos, 1996; Withjack et al., 1998; Ziegler, 1992), as 

well as numerical and physical analogue modelling (Corti et al., 2003; 

Huismans et al., 2001; McClay et al., 2002; Naliboff and Buiter, 2015). 

Due to tectonic inheritance and irregular shapes of the plate boundaries, 

passive margins and basins include segments where oblique or sheared 

tectonics is prevailing (Brune et al., 2018; Dewey et al., 1998; Hodge et 

al., 2018; Manatschal et al., 2015; Morley, 2017; Phillips et al., 2018; 

Sanderson and Marchini, 1984). Frequently, evolution of such segments 

are assessed using models assuming an orthogonal alignment of relative 

plate motion and plate boundary, which may lead to erroneous 

assessment of the subsidence pattern and faults evolution (Brune, 2014; 

Brune et al., 2016; Huismans and Beaumont, 2011; Lavier and 

Manatschal, 2006; McKenzie, 1978; Naliboff et al., 2017; White, 1993). 

Despite the general knowledge of the extensional basins that involve 

certain degree of obliquity (Atwater and Stock, 1998; Corti, 2008; 

Fletcher et al., 2007; Fournier et al., 2004; Klimke and Franke, 2016; 

Lizarralde et al., 2007; Mart et al., 2005; Phethean et al., 2016), the 

structuring and kinematics of the past rift basins remains under-

researched.  

Therefore, in this study, we analysis tectonic evolution of the Tromsø 

Basin which located along the sheared margin of the SW Barents Sea and 

has a complex tectonic history that involved both orthogonal and sheared 

rifting (Faleide et al., 1993). In general, it is accepted that the basin 

formed in response to Late Jurassic – Early Cretaceous rifting in the SW 

Barents Sea (Faleide et al., 1993), but there is no clear consensus on basin 

evolution and tectonic model. Early works proposed at least two models 
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to explain the Late Jurassic – Early Cretaceous evolution and structuring 

of the Tromsø Basin: 1) Strike-slip model with either (a) sinistral or (b) 

dextral strike-slip system along the northern basin bounding faults (e.g. 

Bjørnøyrenna Fault Complex; (Gabrielsen and Færseth, 1988; Riis et al., 

1986), and 2) Large scale extensional model with sinistral strike-slip 

faults (Fig. 2B) (Faleide et al., 1993). Timing and direction of major fault 

movements in these models are controversial, where for instance, the 

structural highs along the western margin (e.g. Senja Ridge and 

Veslemøy High; Fig. 2A) have either an extensional (Faleide et al., 1993; 

Indrevær et al., 2013; Riis et al., 1986) or a compressional origin that 

resulted from strike slip tectonics (e.g. along Ringvassøy – Loppa and 

Bjørnøyrenna fault complexes; (Gabrielsen and Færseth, 1988). Later 

work, using potential field (magnetic and gravity) data, proposed a new 

crustal scale “boundinage” model for the SW Barents Sea (Gernigon et 

al., 2014). Indirect observations from neighboring basin suggested a 

highly thinned crust and abundancy of low angle fault systems below the 

Tromsø Basin, which still requires better constrains in terms of basin 

evolution (Fig. 2C). Disagreements regarding the tectonic models are 

also attributed to a limited well control and poor imaging of the deep 

basin by seismic reflection profiles that increases uncertainty in the 

interpretation (Breivik et al., 1998; Faleide et al., 2008; Faleide et al., 

1993; Gabrielsen, 1984; Mosar et al., 2002). 

Although all models explain the present-day configuration of the basin, 

choosing one or another model can lead to an erroneous assessment of 

the tectonic and geodynamic settings. Therefore, in this paper we aim to: 

(1) understand the Early Cretaceous tectonic processes in the Tromsø 

Basin and revise structural evolutionary models; and (2) by restoring 2D 

regional a crustal profile constrain the development of the area to 

understand pre-drift configuration of the margin.  
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Figure 10 A) Location of the study area with main structural elements of the SW Barents Sea 

(TB = Tromso Basin; HB = Hammerfest Basin; BB = Bjørnøya Basin; SB = Sørvestnaget Basin; 

LH = Loppa High; SH = Stappen High; VH =Veslemøy High; SR = Senja Ridge; VVP = 

Vestbaken Volcanic Province; FP = Finnmark Platform; BKFC = Bothnian Kvænangen Fault 

Complex; BSFC = Bothnian-Senja Fault Complex; TFFC = Troms-Finnmark Fault Complex; 

TFFC = Tromsø Finnmark Fault Complex; RFLC =Ringvassøy- Loppa Fault Complex; BFC = 

Bjørnøyrenna Fault Complex; BFZ = Billefjorden Fault Zone; HFC = Horsund Fault Complex; 

SFZ = Senja Fracture Zone). B) Location of the 2D seismic profiles and wells. 
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GEOLOGICAL SETTING  

The Tromsø Basin is characterized as an elongated NNE–SSW-striking 

basin, with a length of 140 km and a width of 60 km (Fig. 1A; 

(Gabrielsen et al., 1990). The southern boundary is a transition towards 

the Harstad Basin and termination against the Troms – Finnmark Fault 

Complex (TFFC) (Fig.1A; (Gabrielsen et al., 1990). The northern 

boundary is defined by the Veslemøy High and the Bjørnøyrenna Fault 

Complex (BFC), which separate the Tromsø Basin from the Bjørnøya 

Basin (Fig.1B). The eastern boundary, towards the Hammerfest Basin, is 

delineated by the Ringvassøy-Loppa Fault Complex (RLFC), while the 

western boundary is limited to the Senja Ridge and the Veslemøy High 

(Fig.1B(Gabrielsen et al., 1990). 

The tectonic history of the Tromsø Basin, can be traced back to 

approximately 400Ma, when the Caledonian orogeny was formed by 

collision of the Laurentian and Baltic plates with development long lived 

reversed fault zones with a variety of nappes and thrust sheets over the 

Fennoscandia Shield (Gabrielsen, 1984; Gasser, 2013; Gee et al., 2006; 

Gee et al., 2008; Roberts, 2003). Towards the end of the Paleozoic, 

regional extension caused collapse of thrust sheets resulting in formation 

of grabens and half grabens that were covered by Upper Carboniferous 

to Lower Permian carbonate platforms and thick evaporates deposits 

(Gudlaugsson et al., 1998; Larssen et al., 2002). 

The Early Triassic is marked by a rift episode, which has been 

documented in the North Atlantic region (Tsikalas et al., 2012). It has 

been suggested that the same Early Triassic rift episode may have 

continued until the Middle Triassic around the Tromsø Basin (Smelror 

et al., 2009). The Triassic succession is comprised of prograding and 

retrograding cycles of marine, deltaic and continental clastic deposits 

sourced from the ESE (Glørstad-Clark et al., 2010; Klausen et al., 2015). 
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From the Middle Jurassic to Early Cretaceous, northward advance of the 

Atlantic rifting formed deep basins in the southwestern Barents Sea such 

as the Harstad, Tromsø, Bjørnøya and Sørvestnaget basins (Faleide et al., 

2008; Gernigon et al., 2014). In the Tromsø Basin, the Early Cretaceous 

rift episode along the NE – SW trending Ringvassøy–Loppa and 

Bjørnøyrenna fault complexes led to rapid subsidence and accumulation 

of thick Cretaceous sediments (Clark et al., 2014; Faleide et al., 2008; 

Faleide et al., 1993; Gabrielsen et al., 1990; Indrevær et al., 2016; 

Rønnevik et al., 1982). The central part of the basin experienced salt 

related deformation during this rift event (Faleide et al., 1993; Gabrielsen 

et al., 1990; Larssen et al., 2002; Sund, 1984). Three Early Cretaceous 

rift phases have been interpreted for the Tromsø Basin: Berriasian–

Valanginian, Hauterivian–Barremian and Aptian–Albian (Faleide et al., 

1993). Local compression during the earliest Cretaceous has been 

identified in the northern part of the basin. This has been suggested to be 

the result of dextral strike slip movement along the Asterias Fault 

complex (Berglund et al., 1986; Gabrielsen et al., 1990; Sund, 1984) or 

as a localized tectonic inversion due to differential uplift of the Loppa 

High (Indrevær et al., 2016). In terms of the Lower Cretaceous 

stratigraphy, a major break in deposition occurred from the Boreal 

Berriasian/Volgian to Valanginian to Barremian, forming a regional 

unconformity known as the Base Cretaceous Unconformity (BCU) 

(Århus et al., 1990; Lundin and Dore, 1997; Marin et al., 2017b; Mork 

et al., 1999). The BCU is expressed as a high amplitude seismic reflector 

and its age and stratigraphic significance is complex (Gabrielsen et al., 

2001; Nottvedt et al., 1995). In the areas of the southwestern Barents Sea, 

where basin margins are affected by Late Jurassic to Early Cretaceous 

tectonism, the BCU represents an unconformity, whereas, in the deeper 

basins, it is a conformable surface (Marin et al., 2017b). The Lower 

Cretaceous succession of the SW Barents Sea is divided into four main 

formations: Knurr, Klippfisk, Kolje and Kolmule, which consist mainly 

of grey claystone with minor interbedded limestone and sandstone 

deposited in an open marine environment (Dalland et al., 1988; Mork et 
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al., 1999). More recently, these formations were divided into seven 

genetic sequences (sequences 0–6; Fig. 3A; Marin et al., 2017b). These 

sequences are bounded by flooding surfaces, some of which can be 

correlated on a regional scale (Grundvåg et al., 2017; Marin et al., 

2017b).  

The Late Cretaceous – Paleocene period is associated with dextral strike-

slip movement between the western Barents Sea and northern Greenland 

(Faleide et al., 1996). This event divided the margin into two shear 

margins, the Hornsund in the north and Senja in the south (Faleide et al., 

2008) (Fig. 1A). The Paleocene – Eocene transition (55 – 54 Ma) is 

marked by a continental breakup of the North Atlantic margin, followed 

by separation of the Barents Sea and the eastern Greenland margin, and 

opening of the Fram Strait (Faleide et al., 1996). During the same period 

the Barents Sea experienced onset of a tectonic uplift that caused 

exhumation and erosion of the northern and western margins of the 

Barents Sea (Dimakis et al., 1998; Henriksen et al., 2011; Knies and 

Gaina, 2008). 

Relationship of onshore basement lineaments and offshore 

structural trends 

It has been suggested that the Early Cretaceous evolution and structural 

configuration of the SW Barents Sea has been influenced by inherited 

Caledonian or even older Precambrian basement structures (Barrère et 

al., 2009; Braathen et al., 1999; Doré, 1991; Fichler et al., 1997; 

Gabrielsen, 1984; Gernigon et al., 2014; Ritzmann and Faleide, 2007; 

Tsikalas et al., 2012). There are three well-constrained, long-lived fault 

complexes identified on the northern mainland of Norway that have 

affected the structuring of the southern and southwestern Barents Sea:  

1) The Trollfjorden-Komagelva Fault Zone (TKFZ), a major 

Precambrian WNW-ESE striking fault zone that was episodically 

reactivated during the Paleozoic and Mesozoic (Fig. 1A) (Gabrielsen, 
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1984; Herrevold et al., 2009; Karpuz et al., 1993; Rice et al., 1989; 

Roberts, 1972; Roberts et al., 2011; Roberts and Lippard, 2005; 

Siedlecka and Siedlecki, 1967). The TKFZ is characterized as a transfer 

fault system that has an increasing component of extension toward the 

adjacent Hammerfest Basin (Berglund et al., 1986; Gabrielsen and 

Færseth, 1989; Gabrielsen, 1984). This relationship has been well 

constrained with magnetic data (Gernigon et al., 2014);  

2) The Bothnian-Senja Fault Complex (BSFC) and 3) The Bothnian–

Kvænangen Fault Complex (BKFC) are two major Precambrian NNW-

SSE striking ductile shear zones that were periodically reactivated during 

Paleozoic and Mesozoic times (Fig. 1A) (Doré et al., 1997; Indrevær and 

Bergh, 2014; Indrevær et al., 2013; Olesen et al., 1997). The Senja Shear 

Zone and Fugløya transfer zone have been proposed as offshore 

northward extension of the BSFC and BKFC, respectively (Fig. 1A) 

(Faleide et al., 1993; Gabrielsen et al., 1997; Indrevær et al., 2013). 

Moreover, the Hornsund Fault Complex (HFC) and Billefjorden Fault 

Zone (BFZ) identified in Svalbard are suggested to be part of the same 

NNW – SSE structural trend (Fig. 1A) (Doré et al., 1997). Despite the 

apparent continuity of onshore and offshore structural expressions, 

connection of these faults is not supported by direct evidence or reliable 

documentation. 
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Figure 11 Simplified sketch of previously proposed regional tectonic models for Late Jurassic - 

Early Cretaceous structuring of the Tromsø Basin. Please note differences in the Senja Ridge and 

Veslemøy High interpretations as a positive structural feature. A) a) Sinistral and b) dextral  

strike-slip system along Bjørnøyrenna and Ringvassoy Fault complexes (Riis et al., 1986; 

Gabrielsen and Færseth, 1988) ; B) Large scale extensional system with sinistral strike-slip along 

Bjørnøyrenna Fault complex (Faleide et al., 1993) and C) A propagating system of highly thinned 

crust dominated by reactivated listric fault system (Gernigon et al., 2014) 
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DATASET  

The database for this study comprises a post-stack time migrated, 2D 

reflection seismic surveys provided by the Norwegian Petroleum 

Directorate (NPD) and a MultClient Geophysical AS (MCG) (Fig. 1B). 

It is important to mention that the 2D seismic data acquired by MCG in 

2016 have a better quality in imaging and coverage of the study areas. 

The seismic profiles covers the area of ca. 2500 km2, where the average 

distance between seismic lines is 2-5 km. The seismic data penetrates 

depths of 6-9 seconds in two-way-traveltime (TWT) with dominant 

frequency range between 10-40 Hz. In general, the quality of the seismic 

data is moderate to good, except the southern part of the study area, 

where continuity of the seismic reflectors is poor. 

The well data used include five exploration wells 7019/1-1, 7119/9-1, 

7220/10-1, 7119/7-1 and 7117/9-2 (Fig. 1B). All wells have a full set of 

logs and biostratigraphic data were obtained from well reports publically 

available in the NPD web page (http://factpages.npd.no), from the 

“Lower Cretaceous basins in the high Arctic” consortium project 

(LoCrA; http://locra.ux.uis.no) and previous publications (e.g. Marin et 

al., 2017b). Free air gravity map of Sandwell et al. (2014) was used to 

model anomalies along selected seismic profiles.   
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Figure 12 A) Stratigraphic framework based on well correlation of interpreted Lower Cretaceous 

seismic units with defined sequences of Marin et al., (2017) in the Hammerfest Basin (well 

7120/10-2); B) Long distance correlation of the interpreted Lower Cretaceous unit. Please note 

that wells in the Tromsø Basin do not reach deeper seismic units. 
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METHODOLOGY  

Seismic interpretation: 

Based on reflection terminations and regional continuity of the reflectors, 

four horizons (BCU, K1, K5 and K6) that subdivide three seismic units 

(U1, U2 and U3) were selected and mapped to constrain the Early 

Cretaceous evolution of the Tromsø Basin.  

In order to establish the regional tectonostratigraphic framework, age of 

interpreted horizons have been constrained by biostratigraphic data and 

correlated with flooding surfaces of Marin et al. (2017a) in the 

Hammerfest Basin (e.g. well 7120/10-2; Figs. 3A and 3B). Seismic 

horizons and their correlative flooding surfaces are: Base Cretaceous 

Unconformity (BCU), Late Barremian (K1), Late Albian (K5) and Late 

Cenomanian (K6) (Fig. 3B). It is important to state that the BCU and K1 

have never been penetrated by wells in the Tromsø Basin. Interpretation 

of these horizons was based on seismic reflector configurations and long 

distance correlations (Fig. 3B). Consequently, seismic units were also 

correlated with sequences (S0 – S6) of Marin et al. (2017a), as follow: 

U1 with S0 – S1; U2 with S2 – S5; and U3 with S6 (Fig. 3A). Stacking 

patterns and sand/shale indicators from the gamma ray (GR) well logs 

were used to constrain the depositional setting and to support age 

determination where biostratigraphic evidence is limited (Galloway, 

1989) (Fig. 3A). Internal characteristics of each seismic unit such as 

growth strata, lap relationships were included in the seismic 

interpretation to outline main periods of faults activity and quiescence.  

Faults were interpreted and grouped into fault families based on the 

similar structural style, orientation and relative age. Time-thickness 

maps were created to determine variations in structural styles in the 

basin, including uplifted areas and main depocenters during the main 

episodes of fault activity.  
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Figure 13 A) Gravity anomalies model along (B) composite regional 2D seismic sections. 

Coloured polygons represents areas with constant density, and correspond to the main sequence 

boundaries described in the seismic interpretation (grey, red and orange coloured polygons; Table 

1). Note the differences between modelled (dashed line) and interpreted (red line) basement depth 

below the Loppa High and Hammerfest Basin. Regional profile and gravity modelling: 
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In order to understand the regional structural configuration around the 

Tromsø Basin, a composite 2D seismic section has been interpreted 

through the major structural elements of the SWBS (seismic sections in 

Fig. 4B). Seismic sections have been selected through areas that were not 

affected by salt diapirs. Two additional horizons below the Base 

Cretaceous unconformity have been included into interpretation of the 

regional section: (1) Top Paleozoic has been interpreted and correlated 

from the neighboring Hammerfest Basin (purple horizon in Fig. 4B; 

Indrevaer et al 2016, Gernigon et al., 2014); (2) Top Basement, which 

has been penetrated by several wells on the Loppa High, and tied to the 

closest projected (12 km) well 7220/11-2s (red horizon in Fig. 4B). 

Furthermore, the regional section and interpretations were depth 

converted using internal velocities obtained from check shot data of 

wells 7117/9-2 and 7119/7-1 for shallow parts, and from well 7119/9-1 

for the deeper parts (Table 1).  

In order to facilitate interpretation of deeper structures and delineate its 

lateral extent, a simple 2D free air gravity anomaly modelling was 

performed along the depth converted regional section (Fig.4A). Gravity 

modelling was performed using the GM-SYS Profile Modelling software 

from Geosoft (https://www.geosoft.com). A 2D model has been divided 

into constant density polygons corresponding to the main sequence 

boundaries described in the seismic interpretation (Table 1; grey, red and 

orange colored polygons on Fig. 4B). The average densities for 

sedimentary and crustal rocks are derived from the publication of 

Gernigon et al. (2014). Top-basement and Moho were used as main 

density contrasts in the lithosphere (Fig. 4B).  

The results of the gravity anomalies modelling showed that the Moho 

depth is consistent with compilation of the crustal depths of Ritzmann et 

al. (2007) and therefore used as a reference contrast. Discrepancy 

occurred between modeled and actual (interpreted) basement depth 

below the Loppa High and Hammerfest Basin (dashed and red horizons 

in Fig. 4B). Adjustment of modelled basement depth to a shallower level 
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would have resulted in offsetting the Moho depth to a deeper and more 

unrealistic results. Therefore, it has been decided to use the interpreted 

basement depth with the key assumption that basement rocks below the 

Loppa High and Hammerfest Basin are likely to have higher densities 

than modelled. Despite of the uncertainties in the gravity anomalies 

modeling, for the purpose of this study, it was much more important to 

constrain the sizes and geometries of the structures than to constrain the 

relative densities. 

Table 1 Density polygons and stratigraphy for the gravity model, and interval velocities for depth 

conversion. Densities were obtained from publication of Gernigon e al. (2014). Interval velocities 

obtained from check shot data of wells 7117/9-2, 7119/7-1, and 7119/9-1. 

 

2D structural restoration: 

A 2D structural restoration of a regional profile was performed to show 

the sequential evolution of the Tromsø Basin. 2D Move software 

(https://www.mve.com) was used to produce a 2D kinematic restoration. 

The workflow and methods consist of:  

1. Erosion estimates, where missing sediments were restored on top 

of the section. This is important to compensate for isostasy due to 

sediment unloading. Missing sediments were given properties of the 

underlying stratigraphy.  
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2. Compaction and decompaction. The 2D 

compaction/decompaction tool in the software includes default 

compaction curves, which define different relationships between 

porosity and depth. The Sclater-Christie compaction curve were selected, 

as it is most appropriate for sandstones and mixed sedimentary sequences 

(Sclater and Christie, 1980). Compaction is only applied for missing 

sediments (eroded) in order to place removed sediments back and 

compensate for isostatic load. Decompaction was used sequentially for 

each restoration step by removing the uppermost sedimentary units. This 

is applied to correct for the effects of physical compaction in the 

sedimentary succession and vertically shift this part of the section to 

simulate an isostatic adjustment for each time-step. Flexural isostasy was 

applied to consider the isostatic response to sedimentary unloading 

during decompaction. Average values have been used for sediment (2400 

kg/m3; Table 1) and mantle (3300 kg/m3; Robertson (1966)) densities, 

as well as elastic thickness (15000 m; Roberts et al. (1998)) and Young’s 

modulus (70000 Mpa; Watts et al. (1982));  

3. 2D unfolding has been applied extensively during restoration. 

This option allowed geological horizons to be restored to a pre-deformed 

stage. The horizons were unfolded using “Simple Shear” and “Flexural 

Slip” methods (Gibbs, 1983; Verrall, 1981; Withjack and Peterson, 

1993). The Simple Shear algorithm is best suited for flattening a regional 

dip that does not dip too steeply, but the limiting factor with this 

algorithm is that line length is not preserved. The Flexural Slip algorithm 

works by rotating the limbs of a fold to a datum or assumed regional 

geometry. Layer parallel shear is then applied to the rotated fold limbs in 

order to remove the effects of the flexural slip component of folding. In 

the study area, Simple Shear and Flexural Slip Unfolding is carried out, 

following the restoration of the faulted displacement at the surface. Most 

of the normal faults indicate shear angle ranging between 60° and 90° 

and the main fold deformation is in the hanging wall side of the main 
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faults and are associated either with fault propagation folding or fault-

ramp-faulting.  

4. Fault reconstruction. This method use the "Fault Parallel Flow" 

algorithm (Egan et al., 1997), where offset horizons on hangingwall and 

footwall were restored to its pre-faulted levels. The Fault Parallel Flow 

algorithm subdivide the fault into discrete dip domains and flow lines, 

along which, hanging wall material moves, maintaining line-length and 

area.  
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Figure 14 A) Un-interpreted and B) interpreted NW – SE seismic sections though the northern 

parts of the Tromsø Basin displaying basin configuration. Note distribution of main Lower 

Cretaceous sequences and interpreted fault families around the Veslemøy High and Ringvassøy-

Loppa Fault Complex. 
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LOWER CRETACEOUS SEISMIC UNITS  

Seismic unit 1 (U1): BCU – Late Barremian  

Description. U1 has been penetrated by wells 7019/1-1, 7119/9-1 and 

7220/10-1 in the eastern flank of the Tromsø Basin, where it is 

characterized by either very condensed (30 – 50 m) or missing pre – 

Barremian strata (Fig. 3A). The lower boundary of U1 is delimited by 

the BCU (green horizon; Figs. 5 – 10), which is represented by a high 

amplitude and continuous seismic event with an angular relationship to 

its underlying reflectors (Figs. 5A and 5B). The upper boundary is 

marked by a prominent continuous seismic event that correspond to the 

Late Barremian horizon (red horizon; Figs. 5B and 8B). Internally, it is 

characterized by a discontinuous and sometimes chaotic seismic 

reflectors in the southern part and by continuous, parallel and divergent 

reflectors in the northern part of the basin (Figs. 7A and 7B).  

This seismic unit was deposited in the central part of the basin and thins 

out towards the margin (e.g. Veslemøy High and Senja Ridge; Figs. 5B 

and 6B). Local and segmented depocenters with maximum thickness of 

up to 2 seconds (TWT) are observed along the axis of the basin (Fig. 

11A).  

Interpretation. This unit is interpreted as early syn-tectonic deposition as 

suggested by the presence of growth strata and wedge-like geometry 

(Figs. 5B and 6B). Condensed and missing pre-Barremian strata along 

the eastern flank support active tectonic settings (wells 7019/1-1 and 

7220/10-1; Fig. 3A). Previous interpretation from wells 7120/10-2, 

7019/1-1 and 7220/10-1 in the same interval suggest turbidite and outer 

shelf deposits distributed along the eastern margin of the basin, in the 

Hammerfest Basin, Finnmark Platform and Loppa High (Fjeld and 

Escalona, 2014; Marin et al., 2017a; Marin et al., 2017b; Seldal, 2005). 

Therefore, distal equivalents of these sediments might have been 

deposited in depocenters, in the central part of the Tromsø Basin.  
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Figure 15 A) Un-interpreted and B) interpreted NW – SE seismic sections though the southern 

parts of the Tromsø Basin displaying basin configuration. Note distribution of main Lower 

Cretaceous sequences and interpreted fault families around the Senja Ridge and southern extent 

of the Ringvassøy-Loppa Fault Complex.  
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Seismic unit 2 (U2): Aptian – Albian  

Description. The GR pattern for this interval is spiky and irregular with 

relatively higher values than in U1, and well reports and previous 

publication suggest main lithology consists of siltstone and claystone 

rocks (Fig. 3A) (Fjeld and Escalona, 2014; Marín et al., 2017a; Marin et 

al., 2017b; Seldal, 2005).  

The lower and upper boundaries of the U2 are limited by Late Barremian 

and Late Albian horizons, which are characterized by very prominent 

continuous high amplitude seismic events (red and dark blue horizons; 

Figs. 5 – 10). Internally, this unit is characterized by discontinuous to 

chaotic seismic reflectors in the southern part (Fig. 7B); and by relatively 

continuous, parallel and divergent reflectors in the northern part of the 

basin (Figs. 5B and 8A). Downlap on the underlying seismic unit U1 

(Late Barremian horizon) and growth strata in the lower part of the U2 

are locally observed in the northern part of the basin, along the 

southwestern terraces of the Loppa High (Fig. 8A). Furthermore, in the 

upper part of the U2, several packages of divergent reflectors that 

downlap on continuous high amplitude reflectors are observed along salt 

diapirs in the central part of the basin (Fig. 8B). The external geometry 

of these packages resemble wedge-like shape that are stacked along salt 

walls (Fig. 8B). This seismic unit 2 distributed in entire basin and is 

characterized by a thick, wedge-shape sedimentary package (Figs. 5B 

and 6B). The northern part of the basin serves as a main depocenter with 

maximum thickness reaching 3 s (TWT) (Fig. 11B). 
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Figure 16 A) Un-interpreted and B) interpreted NE – SW seismic sections though the basin axis 

of the Tromsø Basin. Note distribution of main Lower Cretaceous sequences and interpreted fault 

families. Salt diapirs most likely masking some faults of FF2 
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Interpretation. U2 is interpreted as the main syn-tectonic period, as 

suggested by the presence of growth strata and thickening of this interval 

towards the main faults (Figs. 4A and 5B). Abrupt changes in the 

thickness of U2 along the margins also support active tectonism (Fig. 

6B). Divergent reflectors packages along salt diapirs flanks are 

interpreted as peridiapiric wedges (Rojo and Escalona (2018); Fig 8B). 

They indicate periods of salt movement towards the end of the U2 

(Albian) that may have caused the uplifts along the axis of the basin. 

Previous interpretations from wells 7120/10-2, 7019/1-1 and 7220/10-1 

on the same interval suggest shallow shelf deposits with clastic wedges 

along downfaulted terraces of the Hammerfest Basin, Finnmark Platform 

and Loppa High (Fjeld and Escalona, 2014; Marin et al., 2017a; Marin 

et al., 2017b; Seldal, 2005). Therefore, a deeper or distal depositional 

environment is suggested for the Tromsø Basin with exposed and 

isolated domal structures related to upward movement of the salt diapirs. 

Seismic unit 3 (U3): Cenomanian 

Description. U3 is composed of relatively thin (20 – 70 m) interval that 

has been penetrated by all wells in the Tromsø Basin. The main lithology 

consists of siltstone and claystone rocks with occasional dolomite 

stringers (Fig. 3A). The GR pattern is relatively consistent with lower 

values compared to U2 (Fig. 3A). 

The lower and upper boundaries of U3 are constrained by Late Albian 

and Cenomanian horizons, which are represented by continuous, high 

amplitude seismic events (purple and dark blue horizons; Figs. 5 – 10). 

Internally, this unit is characterized by discontinuous and sometimes 

chaotic seismic reflectors in the southern part and by continuous, parallel 

and divergent high amplitude reflectors in the northern part of the basin 

((Figs. 7A and 7B). Laterally, U3 thickens towards the central part of the 

basin and pinches out against the margins (Figs. 5B and 6B). Seismic 

packages with wedge shape geometries are observed in the small half 

grabens on the Veslemøy High (Fig. 5B and 10B). This unit is mostly 
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distributed in the central and southern parts of the Tromsø Basin with a 

southwestward increase in thickness, where it reaches a maximum of 2 

seconds (TWT) (Fig. 11C). 

Interpretation. The U3 is interpreted as syn-tectonic deposition, as 

supported by the presence of growth strata and wedges towards the axis 

of the basin (Figs. 5B and 6B). Based on the abundance of siltstones and 

dolomites, an outer shelf (open marine) depositional environment is 

suggested for this period.  

 

Figure 17 A) Un-interpreted and interpreted NW – SE section along terraces of the Ringvassøy 

– Loppa Fault complexes illustrating detailed seismic configurations of the interpreted Lower 

Cretaceous units; B) Un-interpreted and interpreted NE – SW section showing peridiapiric 

wedges stacked along salt walls. 
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FAULTS 

Three main fault families (i.e. faults with similar structural style, strike 

and age) affecting the Lower Cretaceous units are interpreted in the study 

area. Most these faults are interpreted as thick skin basement involved 

faults, but some thin skin faults were also recognized. 

Fault family 1 (FF1) consists of a series of NE–SW striking faults 

interpreted in the northern and southern parts of the Tromsø Basin (Fig. 

12). The lateral extent of these faults is interpreted as a part of the 

southern segments of the Bjornøyrenna and Troms-Finnamrk fault 

complexes (Fig.12). These faults are characterized as normal faults, 

which are interpreted along the Veslemøy High and Senja Ridge, and the 

southern segments of the Ringvassøy-Loppa Fault Complex (Figs. 5B 

and 6B). Faults are almost planar for the Paleocene and Cretaceous 

intervals, but have a listric expression at depth, where they merge into a 

low-angle plane below 5 - 6 s (TWT) (Fig. 6B). Horizon offset varies 

from approximately 300 to 500 ms (TWT), with a maximum in the Late 

Barremian horizon (Fig. 6B). Interpreted growth packages in the Lower 

Cretaceous U1 and U3, as well as in the Upper Cretaceous and Paleocene 

indicates fault activity during these periods (Figs. 5B and 6B).  

Fault family 2 (FF2) comprises N–S striking normal faults interpreted in 

the central part and along the eastern flank of the Tromsø Basin (Fig. 12). 

FF2 consist of (1) thick and (2) thin skin fault systems:  

(1) Thick skin faults are interpreted as a normal faults along the eastern 

boundary of basin (Fig. 8A). These faults are almost planar for the 

Paleocene and Cretaceous intervals, and become low-angle below 8 - 9 

s (TWT) (Figs. 5B). The maximum offset of ca. 400 ms (TWT) observed 

at the Late Barremian horizon (Fig. 5B). Fault activity is supported by 

several growth and wedge shape seismic packages observed in the Lower 

Cretaceous seismic units U1, U2 and U3 (Figs. 5B and 6B). West facing 

faults of FF1 interpreted as a part of the west-facing Ringvassøy – Loppa  
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Fault Complex (RFLC) that separates the Tromsø Basin from the Loppa 

High and the Hammerfest Basin. Laterally, these faults are straight to 

slightly curved including some en echelon fault segments with various 

degree of linkage, from soft-links via relay ramps to hard-links (Fig. 12). 

A few faults are interpreted in the central part of the basin and are masked 

by salt diapirs, therefore defining their age and amount of displacement 

is problematic (Figs. 6B and 7B).  

 

Figure 18 A) Un-interpreted and B) interpreted N – S seismic sections between northern Senja 

Ridge and Veslemøy High. Interpreted asymmetric folds with a long limb dipping to the south 

were formed in response to the reverse movement of FF4 faults. Please refer to Figure 8 for colour 

legend and location. 
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(2) Thin skin faults of FF2 consist of normal faults observed along the 

eastern flank of the Veslemøy High and Senja Ridge. These east-facing 

faults are only developed within the Lower Cretaceous U1 and U2, and 

detach at the BCU horizon and Upper Jurassic interval (Fig. 5B). The 

amount of offset at the late Barremian horizon fluctuates between 10 – 

25 ms (TWT) (Fig. 5B). Fault activity most likely occurred during the 

Albian stage, since all these faults are tipping out towards the end of U2.  
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Figure 19 A) Un-interpreted and B) interpreted NW – SE seismic sections along the Veslemøy 

High. Note interpreted strike slip fault of FF3, left lateral movement is suggested from eastward 

lateral extension of these faults that coincide with compression and strike slip faults observed on 

the Polhem Sub Platform and the Loppa High (e.g. Indrevaer et al., 2016; Gabrielsen et al., 2011; 

Omosanya et al., 2019; Ahlborn et al., 2014). Please refer to Figure 8 for colour legend and 

location. 



Paper 2 

105 

Fault family 3 (FF3) consists of several E – W striking faults that were 

interpreted under the Veslemøy High (Fig. 12). These faults steepened 

with depth and form positive flower-like structure that tips at the 

Cretaceous strata (Fig. 10B). Minor growth and wedge shaped seismic 

packages towards faults were observed in the Lower Cretaceous U1 and 

U2, suggesting main periods of fault activity (Fig. 10B). These faults are 

interpreted as strike slip faults, and eastward lateral extension of these 

faults are coincide with compression and strike slip faults observed on 

the Polhem Sub Platform and the Loppa High (Ahlborn et al., 2014; 

Indrevær et al., 2016; Omosanya et al., 2017) (Fig. 12). These strike slip 

faults have left – lateral movement that support by changed fault 

polarities east dipping FF2 to west dipping FF1 across the strike of FF3 

(Fig. 12), and displaced structural lineaments on the Polhem Sub 

Platform (e.g. tilt derivative map of Gernigon et al., 2014) and Loppa 

High (e.g. Swaen Graben; Omosanya et al., 2017).  

Fault family 4 (FF4) include WNW-ESE-striking faults that are observed 

only along the northern tip of the Senja Ridge (Fig. 12). These faults are 

interpreted as a steep reverse faults that tip or truncated at the Paleocene 

strata and become listric at depth (Fig. 49B). It is difficult to examine the 

lateral extent of these faults due to salt diapirs along the axis of the basin 

(Fig. 12). Interpreted asymmetric folds with a long limb dipping to the 

south were formed in response to the reverse movement of these faults. 

The largest offset observed at BCU horizons with ca. 400 ms (TWT). 

Growth sequences and wedge-shaped packages are interpreted at the 

Lower Cretaceous seismic units U1 and U3; and Paleocene intervals 

indicating main faults activity, which may have triggered the uplift of the 

northern part of the Senja Ridge (Fig. 9B). 
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Figure 20 Series of time thickness maps of the Cretaceous units. A) Valanginian – Late Barremian 

shows early segmentation and isolated depocenters. Note that Veslemøy High and Senja Ridge 

uplift during this period. B) Aptian - Albian shows segmentation of the basin into a northern and 

southern segments, where northern segment is a major depocenter. This period is also associated 

with movement of the salt diapirs (grey arrows). C) Cenomanian shows shift of the depocenter 

towards southernmost parts of the Tromsø Basin. Note that during this period the Senja Ridge 

and Veslemøy High experienced major inversion and uplift. Salt movement also affecting this 

unit. 
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2D STRUCTURAL RESTORATION 

Six restored steps reproduce the geological evolution of the Tromsø 

Basin from the Early Cretaceous until present (Figs. 13A – 13F). 

Furthermore, restored sections were grouped into three stages: (1) Pre – 

Cretaceous basin configuration, (2) Early Cretaceous and (3) post – Early 

Cretaceous evolution. Emphasis were given to basin geometry; timing of 

major fault activity; depocenter distribution; and the amount of extension 

honoring the data and interpretation as much as possible. Although, the 

pre and post Early Cretaceous history are not the main objective, they 

were included to highlight important episodes of the margin evolution, 

which may have implication to the Early Cretaceous evolution.  

Stage 1. Pre-Cretaceous basin configuration  

The early regional tectonic events during Permian – Carboniferous and 

Jurassic – Triassic marked the location of the proto Tromsø Basin with 

up to 15 km thick sediment sequences overlying basement (Fig. 13F). 

Until the end of the Late Jurassic, Tromsø and Sørvestnaget basins were 

a formed a single basin dominated by west facing listric faults of FF2 

along the Loppa High (Fig. 10F). The SWBS margin was 35 km 

narrower compared to present day. Main uncertainties with the Late 

Jurassic – BCU restoration step were related to the poor seismic imaging 

below 7 seconds (TWT) and absence of well control to the NW of the 

Loppa High (Fig. 3B). Therefore, interpretation was speculative and 

primarily based on seismic reflection configuration and gravity 

modelling (Fig. 4B).  
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Figure 21 Fault interpretation maps. Location and subdivion of main interpreted fault families. 

Note interpreted strike slip fault on the Loppa High adapted from previous works of Indrevaer et 

al., 2016; Gabrielsen et al., 2011; Omosanya et al., 2019; Ahlborn et al., 2014. Location of 

proposed transfer zones in the North of the Tromsø Basin (red polygon) is coincide with 

westward lateral extent of the previously defined strike faults. 
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Stage 2. Early Cretaceous evolution 

This stage includes two restoration steps: (1) Late Barremian and (2) 

Cenomanian (Figs. 13D and 13 E). The Late Barremian step corresponds 

to the Lower Cretaceous seismic unit U1 (Fig. 13E). The main 

depocenter observed along the Veslemøy High (Fig. 13E). At this step, 

the margin extended up to 13 km from Late Jurassic, where most of the 

displacement of 150 – 200 m was accommodated by faults of FF1 and 

FF2 along the western boundary of the Tromsø Basin (Fig. 13E). Minor 

compression might have been accommodated by sinistral strike slip 

movement along FF3 fault, which triggered the slight uplift of the 

Veslemøy High and resulted in the division of the Tromsø and 

Sørvestnaget basins at this time (Figs. 10B and 13E). Continues rifting 

led to additional extension of the margin by 9km during the Lower 

Cretaceous U2 and U3 step (Fig. 13D), increase subsidence led to bypass 

the Veslemøy High, and as the result, the Sørvestnaget and Tromsø 

basins acted as a single basin capturing up to 7 km of the Lower 

Cretaceous sediments (Fig. 13D). The main fault activity migrated 

towards the eastern margin of the Tromsø Basin, where the Ringvassøy 

– Loppa fault complex accommodated the main displacement of 300 – 

400 m (FF2) (Fig. 13D). At this step, the margin extended up to 9 km 

more from Late Barremian step (Fig. 9D). It is suggested that some of 

this extension possibly attenuated by the Cenomanian (U3) inversion of 

FF3 and FF4 (Figs. 9B and 10B), that resulted in uplift of the Veslemøy 

High and northern Senja Ridge, and consequently reinforced the 

isolation of the Tromsø from the Sørvestnaget basins (Fig. 4A). 
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Figure 22 2D structural reconstruction of crustal cross section. Six restoration steps (A – F) are 

represent the geological evolution of the Tromsø Basin from the Early Cretaceous until present. 

For location of the line is see Figure 4. 
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Stage 3. Post Early Cretaceous evolution 

This stage contains three restoration steps: (1) Late Cretaceous, (2) 

Paleocene and (3) Present day (Figs. 13A – 13C).  

During the Late Cretaceous, most of the faulting occurred along the 

western flanks of the Veslemøy High (Fig. 13C). At this time, the margin 

extended up to 7 km from Cenomanian step, where major displacement 

of 800 m was accommodated by west facing listric faults of FF1 along 

the western flank of the Veslemøy High (Figs. 5B and 13C). Footwall 

uplift of the Veslemøy High resulted in erosion and degradation, as well 

as separation of the Sørvestnaget and Tromsø basins, where former were 

considered as main depocenter (Fig. 13C). The Paleocene step is 

characterized by ongoing faulting of FF1 along the Veslemøy High 

resulting to additional 4,5 km of extension (Fig. 13B). The Sørvestnaget 

Basin was still a major depocenter at this time containing up to 5 km of 

sediments (Fig. 13B). Most of the faulting occurred in the Sørvestnaget 

Basin, while the Tromsø Basin was relatively passive (Fig. 13B). Onlap 

and thinning of the Paleocene seismic reflectors suggest that Veslemøy 

High continued to uplift at least during initial period of this step (Figs. 

6B and 10B). At the present day step (Eocene and younger), the margin 

extended 1,5 km (Fig. 13A). Main deformation at this time occurred to 

the West of the Sørvestnaget Basin, therefore the study area was only 

subjected to a minor extension (Fig. 13A). The main depocenter shifted 

towards the continent oceanic boundary.  
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DISCUSSION 

Proposed evolutionary model  

Most of the plate tectonic restorations in the North Atlantic margin from 

145 Mya until 55 Mya, suggest that the SW Barents Sea was adjacent to 

the NE offshore Greenland (Barnett-Moore et al., 2018; Doré et al., 2015; 

Seton et al., 2012), and NE-SW structural lineaments were predominant 

in both margins. Latest compilation and comparison of various plate 

models suggest that main extension directions were orthogonal to the 

main NE-SW structural lineaments at least during the Early Cretaceous 

(e.g. plate flowlines of Barnett-Moore et al. (2018); Fig. 14A). 

Structural evolution of the Tromsø Basin during the Early Cretaceous 

was vastly controlled by the NE-SW trending regional TFFC and BFC, 

which interpreted as FF1 in the study area (Fig. 14A and 14B). In contrast 

to FF1, the N-S striking FF2 is limited to the extent of the basin (Fig. 

12), and most likely represent intra rift fault system (McClay et al., 2004; 

McClay et al., 2002). Presence of en echelon faults of FF2, which 

generated breached relay ramps along the western border of the Tromsø 

Basin, suggest that basin may have evolved in oblique manner (Fig. 12) 

(Agostini et al., 2009; Brune and Autin, 2013; Clifton et al., 2000; Corti, 

2008; Withjack and Jamison, 1986). Oblique opening of the Tromsø 

Basin is also supported by the interpreted by strike slip faults of FF3 (Fig. 

10B), which determine location of the intra basin transfer zone that 

responsible of changes in faults polarities of FF1 and FF2 (e.g. Corti, 

2008; Mc Clay et al., 2002; Fig. 12).  

Based on timing of fault activity and kinematics, it is suggested that the 

Tromsø Basin experienced three major episodes of deformation: (1) 

Valanginian – Late Barremian; (2) Aptian – Albian; and (3) Cenomanian.  

1)Valanginian – Late Barremian (U1): Ongoing rifting  
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Wells 7220/10-1 and 7019/1-1 located along the eastern margin of the 

Tromsø Basin indicate a condensed or absent Lower Cretaceous unit U1, 

suggesting that these areas were uplifted during rifting (Figs. 3A and 3B). 

Most of the Valanginian – Late Barremian extension was accommodated 

by west facing boundary faults of FF1 (Figs. 5B; 6B and 14A). Isolated 

depocenters along the axis of basin suggest on complex interaction 

between faults of FF1 (e.g. fault segments of TFFC and BFC), which 

resulted in formation of internal fault system of FF2 (Fig. 12). The N-S 

strike of FF2 that outline the WSW extent of the Loppa High suggest that 

basement heterogeneity possibly guided formation of FF2 by localizing 

strain (Baudon and Cartwright, 2008; Nicol et al., 2005; Richard and 

Krantz, 1991).  

At this stage, the Veslemøy High and Senja Ridge were characterized as 

minor structural features that separated the Tromsø from Bjørnøya and 

Sørvestnaget basins (Figs. 6B and 13E). Onset of complex tectonic 

interaction between the Veslemøy High and northern Senja Ridge 

occurred through left lateral movement along faults of FF3 resulting in 

transpressional setting and slight uplift of the Veslemøy High (Figs. 9B 

and 10B). Previously, based on structural evolution of the neighboring 

Hammerfest Basin, it has been suggested that this episode comprises two 

rifting phases, Berriasian – Valanginian and Hauterivian – Barremian 

(Faleide et al. (1993)). However, considering the poor seismic imaging 

below 5 seconds (TWT) and the lack of well control in the deeper parts 

of the Tromsø Basin, these tectonic phases cannot be neither confirmed 

nor excluded. 

2) Aptian – Albian (U2): Rift culmination  

Major extension was accommodated by the intra basin faults of FF2 (e.g. 

RLFC; Figs. 12 and 14B). This is also supported by a large depocenter 

in the northern part of the Tromsø Basin (Fig. 11B). Towards the end of 

this stage, possible during Albian – Cenomanian, complex tectonic 

settings between the Veslemøy High and the northern Senja Ridge 
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resulted in uplift of both (Fig. 14B). Previously, formation of the Senja 

Ridge and Veslemøy High as positive structural features were attributed 

to either sinistral or dextral strike-slip movement along Bjørnøyrenna 

Fault Complex (Figs. 2A and 2B; Gabrielsen and Færseth, 1988; Riis et 

al., 1986). Our study suggest that uplift is most likely caused by the 

transpressional settings along FF3, which is also responsible for 

formation of compressional structures and faults of FF4 (Fig. 9B). One 

plausible explanation could be that during transpressional conditions, the 

strike-slip (e.g. FF3; Fig 10B) and dip-slip (e.g. FF4; 9B) components 

accommodated on separate but relatively parallel structures (e.g. the 

Veslemøy High and northern Senja Ridge; Fig. 12), whilst decoupling 

possibly occurred at pre Cretaceous sequences. Transpressional 

deformation along transfer zone is most likely related to the oblique 

opening of the Tromsø Basin, where basement heterogeneity localized 

strain distribution. Furthermore, towards the end of this stage, rapid 

increase of subsidence and differential loading triggered salt movement 

that have resulted in diapirism in the central part of the basin and 

development of the halokinetic sequences (Fig. 8B).  

3) Cenomanian (U3): Post rift deformation and inversion  

This episode is considered as tectonically quiescent in the central and 

eastern parts of the basin (Fig. 14C). Most the of the fault activity (FF1) 

occurred in the western and northwestern flanks of the Tromsø basin 

(Fig. 13C). Pinching out of the Lower Cretaceous unit U3 against the 

Veslemøy High and the Senja Ridge suggests that these structures were 

uplifting (Figs. 5B and 6B). Uplift is suggested to be caused by the same 

transpressional conditions along FF3 and FF4 (Fig. 9B) (Blaich et al., 

2017; Breivik et al., 1998; Brekke and Riis, 1987; Riis et al., 1986). The 

uplift of Senja Ridge and Veslemøy High caused the isolation of the 

Tromsø Basin from the Sørvestnaget Basin during this time (Fig. 14C). 
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Figure 23 Proposed structural evolutionary model of the Tromsø Basin during Early Cretaceous: 

A) Valanginian – Late Barremian extension was accommodated by west facing boundary faults 

of FF1 (e.g. fault segments of TFFC and BFC), which resulted in formation of internal fault 

system of FF2; B) Aptian – Albian marked by a transpressional settings along transfer zone which 

is related to the oblique opening of the Tromsø Basin, where basement heterogeneity most likely 

localized stress and strain distribution; and C) Cenomanian episode is considered as tectonically 

quiescent, where most the of the fault activity occurred in the western and northwestern flanks of 

the Tromsø basin. 

Margin extension and crustal thinning 

The constructed crustal section through the Tromsø Basin is considered 

to be the most representative of the direction of extension for the SWBS 

margin. It is almost perpendicular to the major structural elements (Fig. 

4B). Constructed and subsequently restored section resembles the 

“boundinage” model of Gernigon et al., 2014 (Fig. 2C), where the origin 

of the listric faults (e.g. FF1) is suggested to be the remnants of 

Caledonian thrust faults that reactivated in response to rifting (Gernigon 

et al., 2014). The Early Cretaceous reactivation most likely caused 

backsliding of the Caledonian thrust and triggered upward propagation 

of fault segment from pre-existing basement faults (Baudon and 

Cartwright, 2008; Nicol et al., 2005; Richard and Krantz, 1991). The 

result of sequential restoration suggests that these faults were responsible 

for 35 km margin extension from the Earliest Cretaceous to the present 
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day (Figs. 13A – 13F). Previous work by Breivik et al. (1998) estimated 

a post-middle Jurassic extension of 70 – 85 km. Such discrepancies most 

likely related to calculation methods, where our calculations of 35 km of 

extension over such time interval seems reasonable and more reliable. 

Based on the modelled depths of the basement and Moho (Figs. 4 and 

13A), post-rift crustal thickness below the Tromsø Basin reaches 

minimum of 8 km. Assuming that the original pre-rift crustal thickness 

was 30 – 35 km (Barrère et al., 2009; Clark et al., 2013; Ritzmann and 

Faleide, 2007), and after dividing pre-rift by post-rift crustal thicknesses 

we estimated a cumulative crustal thinning (β) factor of 3,7 – 4,4 and 2,9 

– 3,1 below the Tromsø and Sørvestnaget basins since the BCU. The 

calculated β factor is consistent with previous estimation by Breivik et 

al. (1998) for the Tromsø Basin (β factor of ca.4). Globally, the β factors 

of rifted margins generally increase towards the continent–oceanic 

boundary (COB), where the maximum crustal thinning is usually occurs 

at the location of breakup (Crosby et al., 2011; Montési and Behn, 2007). 

In case of SWBS, crust is thinner below the Tromsø Basin as compared 

to a Sørvestnaget Basin, which is relatively closer to a COB. Therefore, 

common characteristics for rifted margins (Peron-Pinvidic et al. 2013), 

where crust thins towards the distal domains is not applicable for the 

SWBS margin. This difference can be attributed to a transform or oblique 

nature of the Early and post – Early Cretaceous extension in the SWBS, 

where increase in obliquity of rifting may decrease crustal thinning and 

stretching towards the continental breakup (Montési and Behn, 2007). 

This is also advocating to the oblique opening of the Tromsø Basin. 

Moreover, high crustal thinning (β factor of 3) is observed below the 

Bjørnøya Basin by Clark et al. (2013) and Gernigon et al. (2014), which 

suggest that both Tromsø and Bjørnøya basins may have similar origin 

and were influenced by the same tectonic regimes.  
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CONCLUSIONS 

• The Early Cretaceous evolution of the Tromsø Basin is 

influenced by the inherited basement structures from the Caledonian 

orogeny. The presence of west facing low angle detachment faults below 

the Tromsø Basin supports the idea of post orogenic collapse of 

Caledonian thrust sheets, that were periodically reactivated or backslided 

in response to an Early Cretaceous extensional episode.  

• The proposed structural model for the Early Cretaceous evolution 

involve oblique opening of the Tromsø Basin and formation of the intra 

basinal transfer zone with compressional strike slip faults (Figs. 13A – 

13C). This model differs from any previously proposed models and 

partially resembles both Faleide et al. (1993) and Gernigon et al., (2014) 

models (Figs. 2B and 2C).  

• Extension of 35 km is proposed for the SWBS margin since the 

Earliest Cretaceous. Among the Cretaceous extensional episodes, the 

Valanginian – Late Barremian is considered as the period of major 

crustal extension (13 km) in the SWBS margin (Figs. 13E and 13F). 

During most of the Early Cretaceous, the Sørvestnaget and Tromsø 

basins were a single large basin and were separated by activity of FF3 

and FF4 faults, resulting in the uplift of the Veslemøy High and northern 

Senja Ridge.  

• Distribution of the crustal thinning (β factor) in the SWBS is 

unlike for common rifted margins. Crust below narrow and confined 

Tromsø Basin is suggested to be thinner than in the Sørvestnaget Basin. 

This supports that the Early Cretaceous rift in the Tromsø Basin involved 

certain degree of obliquity. 
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