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Preface 

The present PhD thesis is submitted in fulfilment of the requirements for 

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

(UiS), Norway. This research was carried out between February 2016 to 

December 2019 and was funded by the Ministry of Education of Norway. 

During this period, I worked as a research fellow at the Department of 

Energy Resources, Faculty of Science and Technology at UiS. My main 

supervisor is Professor Nestor Cardozo (UiS) and my co-supervisors are 

Professor Alejandro Escalona (UiS) and Professor Hemin Koyi (Uppsala 

University, Sweden). Collaboration was also established with LoCrA 

and JuLoCrA researchers Dora Marin and Andrés Cedeño at UIS. In 

addition, industry collaboration was established with Sergio Courtade, 

Per Salomonsen and Jan Tveiten from the GPM team at Schlumberger, 

and Emilie O’Neill, Jorn Tore Paulsen, Geir Apeland and Michael 

Branston from WesternGeco. During my PhD, I helped Professor Nestor 

Cardozo teaching his master course Structural Styles and contributed to 

some teaching in the bachelor courses: Basic subsurface interpretation 

methods and Introduction to Geology. 

The PhD has resulted in five publications. Four of these are published in 

different journals including the American Association of Petroleum 

Geologists (AAPG) Bulletin, Basin Research, and Geosciences. The last 

manuscript has been submitted to the Journal of Structural Geology and 

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

my research in several conferences, seminars, and industry forums.  

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

to the thesis, including the research questions, motivation, objectives, 

methodology, results, discussion, and conclusions. The second chapter 

is a compilation of the five papers which are the main body of the thesis. 
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Summary 

In the Norwegian Barents Sea, Mesozoic and Cenozoic mobilization of 

Pennsylvanian-lower Permian layered evaporite sequences (LES) 

resulted in areas with salt tectonics (e.g. Nordkapp, Tromsø and 

Tiddlybanken basins), which affected the development of Upper 

Paleozoic and Mesozoic petroleum systems. Over the last three decades, 

seismic imaging in these salt-bearing basins has been a challenge due to 

the presence of closely spaced salt diapirs and steep minibasin strata. 

Consequently, there is limited information and integrated studies, and 

the dynamics of salt mobilization and its effect on the petroleum systems 

remain poorly understood. This research applies a wide range of methods 

to subsurface data in the Nordkapp and Tiddlybanken basins to: (1) 

provide a tectonostratigraphic evolution of the basins; (2)  understand the 

influence of salt movement on Mesozoic prograding overburdens; and 

(3) address the thermal effect of salt in the petroleum systems of the 

Barents Sea. The results are presented in five papers. 

Paper I improves the understanding of salt tectonics in the Nordkapp 

Basin based on interpretation of subsurface data and structural 

restorations. Our results indicate that a combination of Early Triassic 

basement-involved extension and sediment progradation resulted in 

diachronous salt mobilization and sediment infill along the basin. 

Important processes such as diapirism, minibasins formation, welding, 

and salt depletion occurred earlier in the central and eastern sub-basins 

than in the western sub-basin. The paper also highlights the importance 

of salt rheology and subsalt relief for the nucleation and distribution of 

salt structures and minibasins.  

Paper II aims to understand the controls on suprasalt structural style in 

confined salt-bearing basins based on analogue experiments. The paper 

compares the structural styles resulting from basement involved 

extension and progradational loading. Moreover, it highlights the impact 
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of subsalt relief on suprasalt deformation by comparing different subsalt 

basin configurations. Finally, the models are upscaled and compared to 

seismic sections through the Nordkapp Basin to illustrate the influence 

of these processes on the evolution and structural style of the basin.  

Paper III combines subsurface data, 3D structural restorations and 

forward stratigraphic modelling in the Tiddlybanken Basin to understand 

the influence of salt tectonics on Mesozoic prograding overburdens. The 

paper illustrates how salt mobilization causes drastic vertical and lateral 

changes in relative sea level, which in turn induce lateral variations in 

clinoform geometry and progradation rates. These variations result in 

complex spatial and temporal stacking patterns in salt minibasins. 

Moreover, this study emphasises the importance of forward stratigraphic 

modelling in the study of tectonically active areas such as salt bearing 

basins, since the isolated use of conventional methodologies might lead 

to potential pitfalls with negative consequences for exploration models.   

Paper IV combines subsurface data and minibasin/prospect-scale 

restorations to describe near-diapir deformation and minibasin 

subsidence in the Nordkapp Basin. Diapir growth resulted in different 

scales of drape folding such as megaflaps, minibasin-scale folding, and 

composite halokinetic sequences, which could work as structural traps. 

Salt growth also produced sediment erosion and reworking of the 

Triassic overburden, which explains the deposition of peridiapiric 

wedges at diapir flanks. This paper also illustrates the role of minibasin 

subsidence on the temporal and spatial distribution of Triassic 

depositional environments, where salt withdrawal caused the 

retrogradation of Triassic fluviodeltaic systems and favoured local 

embayments with deposition of source rocks.   

Paper V combines structural restorations from paper I and thermal 

modelling to show the impact of salt tectonics on the thermal evolution 

and petroleum system of confined salt-bearing basins such as the 

Nordkapp Basin, commonly characterized by narrow minibasins and 



 

viii 

closely-spaced diapirs. The results indicate that thermal anomalies 

associated to closely-spaced diapirs mutually interfere and induce a 

combined anomaly that reduces the overall temperature in the basin. The 

presence of isolated diapirs also reduce the temperature in adjacent 

minibasins. However, this effect is laterally limited and depends on the 

shape and width of the diapir. Finally, the paper emphasises the 

importance of integrating structural restorations and thermal modelling 

in confined salt-bearing basins since the thermal effect of evolving salt 

structures can unlock new exploration concepts such as deep 

hydrocarbon kitchens and reservoirs.  

This PhD thesis has implications for the understanding of salt tectonics, 

minibasin infill, and the petroleum system of confined salt-bearing 

basins in the Norwegian Barents Sea. Furthermore, the results contribute 

to the understanding of these processes in similar basins worldwide. 
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1 Introduction 

Pennsylvanian to lower Permian layered evaporite sequences (LES) 

from the Gipsdalen Group are widespread across the Norwegian Barents 

Sea (Stemmerik, 2000; Henriksen et al., 2011b; Rowan and Lindsø, 

2017), including the onshore territories of Spitsbergen (Sorento et al., 

2019). Late Paleozoic multiphase rift events accompanied by an arid 

climate led to the isolation of grabens and half grabens (e.g. Tromsø, 

Nordkapp, and Tidllybanken basins; Fig. 1A), which resulted in the 

deposition of synrift to early postrift halite-rich sequences (Jensen and 

Sørensen, 1992; Stemmerik, 2000; Worsley, 2008). Graben shoulders 

and surrounding platforms (e.g. Finnmark and Bjarmeland platforms) 

were, on the other hand, characterized by deposition of carbonate and 

gypsum-rich evaporite sequences with relatively minor halite content 

(Stemmerik, 2000; Nordaunet-Olsen, 2015; Sorento et al., 2019). The 

occurrence of LES played an important role in the tectonostratigraphic 

evolution of the Barents Sea. Thin LES commonly act as detachment 

levels of listric faults in extensional systems (e.g. Hammerfest Basin) 

and thrusts in compressional systems (e,g, Spitsbergen; Henriksen et al., 

2011b), whereas the Mesozoic and Cenozoic mobilization of thick 

halite-rich LES in confined grabens (e.g. Nordkapp Basin) resulted in 

areas dominated by salt tectonics (Jensen and Sørensen, 1992; Koyi et 

al., 1995b; Nilsen et al., 1995; Rowan and Lindsø, 2017).   

The Norwegian Barents Sea is known to host various petroleum systems 

(Ohm et al., 2008; Henriksen et al., 2011b). Discoveries such as the 

Snøhvit and Goliat fields in the Hammerfest Basin prove the existence 

of Triassic and Jurassic source rocks (Mohammedyasin et al., 2016; 

Mulrooney et al., 2017), while the Alta and Ghota discoveries in the 

Loppa High prove the presence of upper Permian source rocks. 

Furthermore, outcrops in Svalbard and shallow wells in the Finnmark 

platform prove the existence of a gas-prone Carboniferous source rock. 
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B) 

Figure 1. Main structural 

elements of the Barents 

Sea. The Tromsø, 

Nordkapp, and 

Tiddlybanken basins are 

salt-bearing basins with 

abundant diapiric 

structures. B) Structural 

elements of the Nordkapp 

and Tiddlybanken basins. 

The blue square highlights 

the location of the 

Nordkapp Basin, which is 

the subject of papers I, II, 

IV, and V. The red square 

highlights the location of 

the Tiddlybanken Basin, 

which is the subject of 

paper III. 
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(Bugge et al., 1995; Worsley, 2008). Based on these arguments, 

equivalent age petroleum systems could be present in salt-bearing basins, 

where salt mobilization influenced the distribution of reservoirs and 

source rocks, the style and timing of structural and stratigraphic traps, 

and the maturation and migration of hydrocarbons (Jackson and Hudec, 

2017; Rowan and Lindsø, 2017). Nevertheless, salt-bearing basins such 

as the Nordkapp and Tiddlybanken basins are frontier areas of 

exploration. Seismic imaging and interpretation in these basins are 

challenging due to the presence of closely-spaced salt diapirs and high- 

dipping minibasin strata (Jones and Davison, 2014; Rojo et al., 2016). 

Consequently, there is limited information, few integrated studies, and 

poor understanding of the following three main problems: 

1.1 Problem 1. Tectonostratigraphic evolution of 

the Nordkapp Basin 

The Nordkapp Basin is a NE-SW Upper Paleozoic salt-bearing rift basin. 

It is one of the best examples of salt tectonics in the southwestern Barents 

Sea (Gabrielsen et al., 1992; Jensen and Sørensen, 1992). The basin is 

subdivided into three sub-basins or rift segments: a NE-SW western sub-

basin; a E-W central sub-basin; and a NE-SW eastern sub-basin (Rowan 

and Lindsø, 2017; Fig. 1B). Most of the publications describing the 

tectonostratigraphic evolution of the Nordkapp Basin date back to the 

1990s. These studies are based on observations from 2D seismic 

reflection data across the western and central sub-basins (Dengo and 

Røssland, 1992; Gabrielsen et al., 1992; Jensen and Sørensen, 1992), 

combined with observations from analogue models (Koyi et al., 1993b; 

Koyi et al., 1995a; Koyi et al., 1995b; Nilsen et al., 1995). Most authors 

in the 1990s agreed that Early Triassic basement-involved extension 

triggered salt mobilization, resulting in the formation of closely-spaced 

diapirs and thick Triassic minibasins (Jensen and Sørensen, 1992; Koyi 

et al., 1995a; Koyi et al., 1995b; Nilsen et al., 1995; Fig. 2A). These 

studies were contradicted by Dengo and Røssland (1992) who proposed  
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Figure 2. Possible models explaining the structural styles of the Nordkapp Basin. A) 

Basement-involved extension (modified from Jackson and Hudec, 2017). B) 

Progradational loading (modified from Ge et al., 1997). 
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progradational loading and salt mobilization in response to Early Triassic 

northwest-progradation of Triassic clinoforms (Fig. 2B). With the recent 

opening for exploration of the eastern sub-basin, Rowan and Lindsø 

(2017) document examples of Triassic salt tectonics driven by sediment 

progradation with no evidence of extension. Previous publications 

describe the tectonostratigraphic evolution of the Nordkapp Basin based 

on observations from one or two sub-basins. Important factors 

controlling the suprasalt structural style such as base salt relief and salt 

lithological variation have been barely addressed. Moreover, there is 

limited information and integrated regional studies combining isochore 

maps and structural restorations in the three sub-basins. Therefore, the 

evolution and along-strike variability of salt mobilization, depocenter 

distribution, welding and salt depletion remain poorly understood.  

1.2 Problem 2. The influence of salt tectonics on 

the Mesozoic prograding sediments 

Along its geological history, the Barents Shelf has experienced two 

periods of clinoform progradation: the Triassic (Fig. 3A) and the 

Cretaceous (Fig. 3B), with the Jurassic as a transitional period between 

these two (Worsley, 2008; Henriksen et al., 2011b). During the Triassic, 

prograding shelf-edge and coastal/deltaic clinoforms sourced from the 

Urals and Fennoscandia prograded towards the northwestern part of the 

shelf (Riis et al., 2008; Glørstad-Clark et al., 2010; Klausen et al., 2015; 

Eide et al., 2017; Klausen et al., 2018; Fig. 3A). During the Cretaceous, 

on the other hand, the clinoforms were sourced from the northern part of 

the shelf and prograded towards the southeast and southwest (Grundvåg 

et al., 2017; Marin et al., 2017; Fig. 3B). Based on seismic observations 

and paleogeographic maps in the Triassic and Cretaceous (Glørstad-

Clark et al., 2010; Marin et al., 2017), both clinoforms systems bypassed 

salt-bearing basins with ongoing salt mobilization such as the Nordkapp 

and Tiddlybanken basins. 
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 Figure 3.  A) Paleogeography during the Late Triassic in the Barents Shelf. Shelf-edge 

clinoforms prograded towards the NW of the Barents Sea and across salt-related basins (e.g. 

Tiddlybanken and Nordkapp basins) with ongoing halokinesis (modified from Henriksen et 

al., 2011). B) Paleogeography during the Early Cretaceous (modified after LoCrA 2018). 

Shelf-edge clinoforms prograded towards the southern part of the Barents Sea and across 

salt-related basins with ongoing halokinesis. Black arrows in maps A and B indicate the 

progradation direction 
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(Koyi et al., 1993b; Koyi et al., 1995b; Rowan and Lindsø, 2017). 

Previous studies analyse the Triassic and Cretaceous clinoforms in 

tectonically stable areas (e.g. Finnmark and Bjarmeland platforms) 

(Glørstad-Clark et al., 2010; Klausen et al., 2015; Eide et al., 2017; 

Grundvåg et al., 2017; Marin et al., 2017; Klausen et al., 2018). 

However, none of these studies look at the clinoforms in salt-bearing 

basins where salt tectonics could have potentially affected clinoform 

progradation and depositional environments within salt minibasins. 

1.3 Problem 3. The thermal influence of salt on 

the petroleum systems.  

The Norwegian Barents Sea is known for hosting various petroleum 

systems sourced from Upper Paleozoic and Mesozoic organic-rich 

intervals (Ohm et al., 2008; Henriksen et al., 2011b). These organic-rich 

intervals are deeply buried in the Nordkapp Basin due to the large 

accommodation space created by Mesozoic and Cenozoic halokinesis 

(Koyi et al., 1995b; Nilsen et al., 1995). Consequently, it is reasonable 

to expect these source rocks to be overmatured today, especially those 

from the Upper Paleozoic. However, studies by Mello et al. (1995) and 

McBride et al. (1998) in offshore Brazil and the Gulf of Mexico indicate 

that salt plays an important role in retarding or accelerating the 

maturation of source rocks. Despite, the large number and variety of salt 

structures present in the Barents Sea, there are no studies analysing the 

thermal effect of salt movement on the petroleum systems. In important 

salt-bearing basins such as the Nordkapp Basin, this thermal effect 

remains unknown.  

1.4 Research objectives 

This PhD thesis covers the Tiddlybanken and the Nordkapp basins, with 

¾ of the research concentrated on the last one. The work follows a 

multidisciplinary approach combining observations from 2D/3D seismic 

reflection and well data, 2D/3D structural restorations, analogue 
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(sandbox) models, forward stratigraphic modelling, and thermal 

modelling to accomplish the following objectives: 

1) Provide a regional tectonostratigraphic evolution of the 

Nordkapp Basin with emphasis on the timing of salt mobilization, 

triggering mechanisms, depocenter distribution, welding, and the 

impact of pre-salt relief on the suprasalt structural style.  

2) Understand the influence of salt mobilization on prograding 

clinoforms and the implications for reservoir partitioning in salt 

minibasins  

3) Evaluate the thermal effect of salt diapirs on the petroleum 

system of the Nordkapp Basin. 

This study consists of five publications targeting the three fundamental 

problems above in the Nordkapp and Tiddlybanken basins. Paper 1 

utilises 2D/3D seismic reflection data, borehole data and 2D structural 

restorations to provide a tectonostratigraphic evolution of the Nordkapp 

Basin. Paper 2 combines sandbox experiments and seismic examples 

from the Nordkapp Basin to understand the relative contribution of thick-

skinned extension and sediment loading in the structural style of 

confined salt-bearing basins, and evaluate the impact of subsalt relief on 

suprasalt deformation. Paper 3 uses 2D seismic reflection data in the 

Tiddlybanken Basin, 3D structural restorations, and forward 

stratigraphic modelling to understand the impact of halokinesis on 

prograding clinoforms and reservoir partitioning in minibasins. Paper 4 

utilizes 3D seismic reflection data and well data in the Nordkapp Basin 

to better understand deformation processes, reservoir and source rock 

distribution, and trapping mechanisms in areas adjacent to salt diapirs. 

Finally, Paper 5 combines 2D structural restorations of the Nordkapp 

Basin with thermal modelling to evaluate the impact of salt tectonics on 

the thermal evolution and petroleum system of the basin.  
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2 Study area and geological setting 

The Barents Sea is an epicontinental shelf on the offshore territories of 

the Norwegian and Russian Arctic. It consists of a complex distribution 

of platforms, structural highs, and basins (Henriksen et al., 2011b; Fig. 

1A).  

The study area covers the Nordkapp and Tiddlybanken basins (Fig. 1B). 

The Nordkapp Basin is a Upper Paleozoic salt-bearing basin consisting 

of three subbasins: a NE-SW western sub-basin, a E-W central sub-basin; 

and a NE-SW eastern sub-basin (Gabrielsen et al., 1992; Jensen and 

Sørensen, 1992). The Tiddlybanken Basin is an Upper Paleozoic NW-

SE salt-bearing basin located southeast of the Nordkapp Basin (Rowan 

and Lindsø, 2017). The tectonostratigraphic evolution of these basins is 

the result of a series of tectonic events and climatic variations affecting 

the Barents Sea from the Mississippian to the present (Worsley, 2008; 

Henriksen et al., 2011b; Fig. 4). 

2.1 Late Paleozoic 

The formation of the Nordkapp and Tiddlybanken basins is the result of 

pre-Mississippian-Pennsylvanian multiphase extension on a previous 

NE-SW and NW-SE Caledonian structural grain (Dengo and Røssland, 

1992; Faleide et al., 2008; Gernigon et al., 2014; Gernigon et al., 2018). 

Pre-Mississippian NE-SW extension formed the central sub-basin of the 

Nordkapp Basin and the Tiddlybanken Basin whereas Pennsylvanian 

NW-SE extension formed the western and eastern sub-basins of the 

Nordkapp Basin (Gernigon et al., 2014; Rowan and Lindsø, 2017; 

Gernigon et al., 2018). Based on outcrops from Svalbard and drilling in 

the Finnmark platform (Bugge et al., 1995; Worsley, 2008), pre-salt 

strata might consist of synrift alluvial-fluvial systems interlayered with 

coal (Billefjorden Gp.; Fig. 4C). During the Pennsylvanian- 
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Figure 4. A) Regional seismic line across the Nordkapp Basin. B) Regional seismic line 

across the Tiddlybanken Basin. C) Lithostratigraphic chart illustrating the main stratigraphic 

units, depositional environments, and tectonic events (modified after Larsen et al. 2002 and 

Gernigon et al. 2018). B.P=Bjarmeland platform; Nk.B=Nordkapp Basin; F.P=Finnmark 

platform; Tb. B= Tiddlybanken Basin. Inset shows the location of seismic lines A and B. 
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early Permian, the last phases of extension together with the drifting of 

Pangea towards arid latitudes, favoured basin isolation and precipitation 

of synrift to early postrift halite-rich LES evaporite sequences in the 

Nordkapp Basin, and mostly postrift halite-rich LES in the Tiddlybanken 

Basin (Gipsdalen Gp.; Stemmerik et al., 1999; Stemmerik, 2000; Rowan 

and Lindsø, 2017; Fig. 4). Crustal extension ceased during the Permian, 

and these basins were affected by a period of passive subsidence 

afterwards (Gudlaugsson et al., 1998; Henriksen et al., 2011b; Fig. 4A 

and B). Movement of Pangea towards colder latitudes resulted in the 

deposition of cool-water carbonates (Bjarmeland Gp.) and cold-water 

carbonates with spiculites (Tempelfjorden Gp.(Stemmerik et al., 1999; 

Worsley, 2008; Fig. 4C).  

2.2 Mesozoic 

The Early Triassic in the Nordkapp Basin was marked by the onset of 

salt mobilization triggered either by Early Triassic thick-skinned 

extension (Koyi et al., 1993b; Koyi et al., 1995b; Nilsen et al., 1995) or 

sediment loading by Triassic clinoforms (Dengo and Røssland, 1992; 

Rowan and Lindsø, 2017; Fig. 4A). Salt mobilization in the 

Tiddlybanken Basin occurred later in response to an Early Triassic-

Middle Triassic contractional event associated with the development of 

the Uralides (Rowan and Lindsø, 2017; Fig. 4B). The minibasin infill in 

both basins consists of NE-SW striking transgressive-regressive 

fluviodeltaic sediments sourced from the Uralides and Fennoscandia 

(Sanssendalen Gp.; Riis et al., 2008; Glørstad-Clark et al., 2010; Klausen 

et al., 2015; Eide et al., 2017; Klausen et al., 2018; Fig. 4C).  

During the Late Triassic-Jurassic, salt diapirism and minibasin 

subsidence decreased dramatically, leading to the burial of salt diapirs in 

the Nordkapp and Tiddlybanken basins (Jensen and Sørensen, 1992; 

Nilsen et al., 1995; Rowan and Lindsø, 2017; Fig. 4A and B). A decrease 

of accommodation space in the entire Barents Shelf favoured the 

reworking of previous Triassic deposits, which resulted in the deposition 
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of fluviodeltaic deposits with complex drainage patterns (Kapp Toscana 

Gp.(Henriksen et al., 2011b; Anell et al., 2014;  Fig. 4C).   

The Late Jurassic-Early Cretaceous was a period of passive subsidence 

in the Nordkapp and Tiddlybanken basins (Fig. 4A and B). Minor 

faulting occurred in association with the opening of the North Atlantic in 

the western Barents Sea (Faleide et al., 2008). Late Jurassic regional 

flooding resulted in the deposition of Upper Jurassic organic-rich shales 

(Adventdalen Gp.; Henriksen et al., 2011b; Fig. 4C). This episode was 

followed by Early Cretaceous uplift and erosion of the northern part of 

the Barents Shelf (Grantz et al., 2011; Corfu et al., 2013). Consequently, 

organic-rich shales in the Nordkapp and Tiddlybanken basins were 

overlaid by Lower Cretaceous shoreline and shelf deposits, which 

prograded towards the southern part of the shelf (Grundvåg et al., 2017; 

Marin et al., 2017; Fig. 4C).  

2.3 Cenozoic 

During the Late Cretaceous-Cenozoic, the Nordkapp and Tiddlybanken  

basins were affected by several compressional events probably due to 

plate reconfigurations associated with the opening of the North Atlantic 

(Faleide et al., 1993; Faleide et al., 2008). Salt structures were 

rejuvenated by contractional diapirism (Jensen and Sørensen, 1992; Koyi 

et al., 1993b; Koyi et al., 1995b; Nilsen et al., 1995; Rowan and Lindsø, 

2017; Figs. 4A and B). Upper Cretaceous-Cenozoic sediments are not 

present in either basin due to successive events of Cenozoic uplift and 

erosion, which removed ca. 1.5 km of Cenozoic and Cretaceous strata 

(Ohm et al., 2008; Henriksen et al., 2011a; Baig et al., 2016).  
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3 State of the art 

3.1 Salt tectonics in confined salt-bearing basins 

Confined salt-bearing basins consist of an interaction of narrow (< 80 km 

wide) grabens and half grabens where syn-rift evaporites are limited by 

fault blocks (Fig. 2A, step II; Warren, 2010). Grabens and half grabens 

display along-strike variations in geometry, tilting and differential 

subsidence, subdividing the basin into rift segments or sub-basins of 

different initial salt thickness (Jensen and Sørensen, 1992; Stewart and 

Clark, 1999; Withjack and Callaway, 2000). The structural style of salt-

bearing rift basins consists of narrow and thick minibasins surrounded 

by closely-spaced salt diapirs (Koyi et al., 1993a; Koyi et al., 1993b; 

Koyi et al., 1995b). Other structures such as salt pillows, rollers, and 

suprasalt complexes are common at the basin boundaries (Gabrielsen et 

al., 1992; Jackson and Lewis, 2016).  

Most works explain the structural style of confined salt-bearing basins as 

the result of basement-involved extension (Koyi et al., 1993a; Jackson 

and Vendeville, 1994; Koyi et al., 1995b; Nilsen et al., 1995). During 

this process, subsalt faulting creates depressions that become preferential 

areas of sediment loading and salt evacuation (Fig. 2A, step III-IV). 

Simultaneously, overburden extension contributes to the generation of 

reactive diapirs that later may evolve into passive diapirs (Fig. 2A, step 

III-IV; Koyi et al., 1993a). Extension can additionally result in tilting of 

fault blocks and subsequent basinward gliding of suprasalt strata, causing 

extension at basin boundaries and contraction of salt structures at the 

basin axis (Fig. 2A, step III-IV; Nilsen et al., 1995; Stewart et al., 1997). 

Salt rheology and thickness strongly control the coupling between 

subsalt faults and overburden (Withjack and Callaway, 2000; Jackson 

and Lewis, 2016; Jackson and Stewart, 2017; Jackson et al., 2019). Salt 

pillows, rollers, and soft-linked fault complexes commonly form at basin 

boundaries where halite-rich sequences are thin and interlayered with 
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other non-mobile lithologies (e.g. carbonates, gypsum; (Jackson and 

Lewis, 2016). Salt diapirs and deep minibasins, on the other hand, are 

generally located at the basin axis, where halite-rich evaporite sequences 

are thicker (Jackson et al., 2019). In areas with carbonate-dominated 

facies (e.g. platforms, structural highs), basement-involved extension 

results in the formation of hard-linked faults (Jackson and Lewis, 2016).  

Fewer studies describe the structural style of salt-bearing rift basins as 

the result of progradational loading (Moragas et al., 2017; Rowan and 

Lindsø, 2017). In this scenario, a sedimentary wedge induces differential 

loading into the underlying salt, which results in salt expulsion and 

formation of a salt plateau (Fig. 2B, step I-II). Continuous wedge 

progradation and salt expulsion cause the formation of salt welds 

overlaid by expulsion rollovers, which get younger in the progradation 

direction (Fig. 2B, steps II-IV; Ge et al., 1997).  It is important to mention 

that this process do not require extension to form salt diapirs. Subsalt 

faults facing sediment progradation can act as barriers of salt flow, 

favouring salt inflation, salt diapirs and roof erosion (Fig. 2B, step II-IV; 

Ge et al., 1997). Extension is neither required to form suprasalt fault 

complexes since these can form in response to local arching as expulsion 

rollovers sink into the underlying salt (Fig. 2B, step IV; Rowan and 

Lindsø, 2017).  

Many salt-bearing rift basins such as the Sverdrup Basin (Jackson and 

Harrison, 2006), the North-Sea (Coward and Stewart, 1995), and the 

Nordkapp Basin (Koyi et al., 1995b; Nilsen et al., 1995), experienced 

along its geological history a change in tectonic regime from extension 

to contraction. Consequently, salt diapirs formed during extension were 

squeezed during contraction, which caused their vertical growth (Hudec 

and Jackson, 2007; Jackson and Hudec, 2017).  
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3.2 Importance of base salt on salt-bearing 

basins  

The impact of pre-salt basin configuration  on the suprasalt deformation 

of salt-bearing basins has been described  by previous works in foreland 

basins (e.g. Paradox Basin; Trudgill, 2011),  rift basins (e.g.  North Sea; 

Koyi and Petersen, 1993; Ge et al., 2017), and passive margins (e.g. Gulf 

of Mexico and offshore Angola; Koyi, 1996; Ge et al., 1997; Jackson and 

Hudec, 2005).  

Most studies investigate this effect in passive margins, where downdip 

salt flow by gravity gliding and spreading occurs over a relatively 

unconfined and wide basin (> 100 km; Rowan et al., 2004; Brun and 

Fort, 2011; Morley et al., 2011; Peel, 2014a).  Here, base salt relief 

causes perturbations in the downdip salt flow and controls the 

distribution of extensional and contractional salt structures and ramp 

synclines above subsalt structural highs and lows, respectively (Fig. 5A; 

Jackson and Hudec, 2005; Dooley et al., 2018; Pichel et al., 2018; M. 

Pichel et al., 2019; Pichel et al., 2019).  

Fewer publications, however, study the impact of pre-salt basin 

configuration on the evolution of salt-bearing rift basins (Koyi et al., 

1993a; Stewart et al., 1997; Ge et al., 2017). As opposed to passive 

margins, salt-bearing rift basins consist of subsalt rift segments and 

accommodation zones (Fig. 5B; Rosendahl et al., 1986; Scott and 

Rosendahl, 1989; Morley et al., 1990). Rift segments generally host 

evaporites of significant thickness (> 1.5 km) delimited by subsalt faults 

with large throw, length, and spacing. Accommodation zones, on the 

other hand, consist of smaller normal faults with thin evaporites 

deposited in their hanging walls. These lateral variations in pre-salt 
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Figure 5.  A) 

Kinematic model 

showing the structural 

style caused by 

downdip salt flow and 

overburden translation 

over the Tupi High and 

closely-spaced pre-salt 

tilted blocks (offshore 

Brazil; modified from 

Pichel et al., 2019). B) 

Sketch showing the 

impact of pre-salt 

configuration on the 

suprasalt structural 

style of the North Sea 

(modified from Ge et 

al. 2017). The suprasalt 

structural style in rift 

segments consists of 

deep minibasins 

surrounded by salt 

diapirs, whereas salt 

deformation in 

accommodation zones 

is characterized by 

smaller salt structures 

and shallower 

minibasins. 
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relief and salt thickness result in different structural styles. Thick 

minibasins surrounded by salt diapirs commonly develop in rift segments 

with high initial salt thickness and large fault throws (Fig. 5B, step II), 

whereas salt pillows and rollers affect suprasalt strata above 

accommodation zones (Fig. 5B, step II; Ge et al., 2017). Most studies 

describe the impact of pre-rift configuration during polyphase extension 

and subsequent halokinesis (Jackson and Lewis, 2016; Ge et al., 2017). 

Few studies though describe the impact of pre-salt basin configuration 

on the evolution of salt-bearing rift basins triggered by sediment 

progradation (Moragas et al., 2017; Rowan and Lindsø, 2017). 

Consequently, there is a lack of understanding in how along-strike 

changes in graben configuration control the timing of salt mobilization, 

nucleation of salt structures and minibasins.  

3.3 Clinoform progradation across salt-bearing 

basins 

Clinoforms have been studied in passive margins (Steckler et al., 1999; 

Anderson, 2005; Anderson et al., 2016), foreland basins (Steel et al., 

2002; Pellegrini et al., 2017), back-arc basins (Salazar et al., 2016; 

Salazar et al., 2018), and epicontinental seas (Glørstad-Clark et al., 2010; 

Eide et al., 2017; Klausen et al., 2018). These studies use trajectory and 

geometrical analysis of clinoforms to decipher the evolution and infill of 

sedimentary basins. As such, they are crucial to understand the 

distribution of reservoirs, seals, and source rocks from the shoreline to 

the basin floor (Dreyer et al., 2005; Helland-Hansen and Hampson, 2009; 

Houseknecht et al., 2009). Clinoform progradation across salt-bearing 

basins is a bi-directional process between salt and sediments. On the one 

hand, prograding overburdens induce differential loading of the 

underlying salt resulting in salt mobilization and diapirism (Koyi, 1996; 

Ge et al., 1997; Gaullier and Vendeville, 2005; Vendeville, 2005). On 

the other hand, minibasin subsidence and diapir uplift generate spatial 

and temporal variations in paleobathymetry, which result in a complex 
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distribution of depositional environments (Matthews et al., 2007; 

Banham and Mountney, 2013; Carter et al., 2016). Most publications on 

clinoform progradation on salt-bearing passive margins (Koyi, 1996; 

Jackson et al., 2015), foreland basins (Trudgill, 2011), and rift basins 

(Moragas et al., 2017; Rowan and Lindsø, 2017) focus on the impact of 

differential loading by prograding overburdens on the suprasalt structural 

style. Few studies though analyse the influence of salt movement on 

prograding clinoforms where lateral variations in bathymetry might 

influence clinoform trajectory and geometry (Cohen and Hardy, 1996).  

3.4 Near-diapir deformation and reservoir 

distribution 

Near-diapir deformation studies of strata flanking salt diapirs are 

essential in hydrocarbon exploration since they can be used to predict 

hydrocarbon traps against salt, including trap geometry and reservoir 

distribution (Hearon IV et al., 2014; Rowan et al., 2016). Most of these 

studies are  based on outcrop observations since near-diapir areas in 

seismic sections are noisy due to the verticality of salt structures and the 

complexity of salt-sediment deformation (Giles and Lawton, 2002; 

Rowan et al., 2003; Aschoff and Giles, 2005; Giles and Rowan, 2012; 

Kernen et al., 2012). However, new advances in seismic acquisition and 

processing (e.g. full azimuth seismic data) have allowed the application 

of outcrop-based concepts to subsurface data (Hearon IV et al., 2014).  

The growth of salt structures commonly results in drape folding of 

adjacent syn-kinematic strata at three different scales  (Giles and Rowan, 

2012; Rowan et al., 2016): (1) Minibasin-scale folding (Fig. 6A), which 

consists of packages of growth strata with wide (> 1 km) areas of folding 

and thinning. Turtle structures, broad synclines, and expulsion rollovers  

are examples of this category, (2) Megaflaps (Fig 6B), which consist of 

deep minibasin strata that have been upturned and even overturned along 

several kilometres, and (3) Composite halokinetic sequences (CHS; Fig. 

6C), which involve packages of growth strata upturned and truncated by 
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angular unconformities produced by local (< 1 km) drape folding and 

upturn of ephemeral and thin diapir roofs.  

 

 

 

Giles and Lawton (2002); Giles and Rowan (2012) define two 

halokinetic sequences (HS) end-members: (1) Hook HS, characterized 

by narrow zones of folding (< 200 m) and high angle truncations (> 70°) 

beneath the top unconformity (Fig. 7A, step I). This end member is 

formed when the diapir growth rate R exceeds the sediment 

accumulation rate A, (2) Wedge HS, characterized by broad zones of 

drape folding (200 – 1000 m), and low angle truncations (< 30°) beneath 

the top unconformity (Fig. 7B, step I). These form when the sediment 

accumulation rate A exceeds the diapir growth rate R. The vertical stack 

of hooks and wedges lead to the formation of third order depositional 

cycles (1-10 m.y) called tabular composite halokinetic sequences (CHS) 

and tapered composite halokinetic sequences (Fig. 7A and B, Step V).  

The study of halokinetic deformation have implications for 

understanding reservoir distribution in fluvial (Matthews et al., 2007; 

Banham and Mountney, 2013), shallow marine (Aschoff and Giles, 

2005; Kernen et al., 2012), and deep water systems (Hearon IV et al., 

2014; Carter et al., 2016). Low diapir growth rates and high 

sedimentation rates in tapered CHS can favour the deposition of thick 

sands near salt diapirs, which can end up trapped against these structures  

Figure 6.  A) Minibasin-scale deformation where drape folding occurs in wide zones (> 1 

km). B) Megaflap where deep minibasin strata is upturned along several km. C) Composite 

halokinetic sequences where drape folding occurs in narrow zones (< 1km). Modified from 

Rowan et al. (2016). 

 

 

 

 

 

 

 

 



State of the art 

20 

 
Figure 7.  Genetic models showing the development of tabular (A) and tapered (B) 

composite halokinetic sequences (CHS). A = sediment accumulation rate, R = diapir 

growth rate. Modified from Giles and Rowan (2012). 
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after continued diapir growth (Giles and Rowan, 2012; Carter et al., 

2016). Halokinetic deformation also affects reservoir development. For 

example, fluvial channels or turbidites deposited in tabular CHS should 

not have structurally controlled facies transitions until a distance of 100-

200 m from the diapir.  On the other hand, sands deposited in tapered 

CHS can have structurally controlled facies over a wider area (1000 m), 

meaning that sands might decrease reservoir quality or even shale out in 

these wide areas (Giles and Rowan, 2012). It is important to mention that 

salt diapirs can locally act as local sources of sediment reworking, 

triggering the formation of mass transport complexes (Giles and Lawton, 

2002), which can be potential reservoirs. Furthermore, diapir-related 

bathymetric highs favour the growth of carbonate platforms (Giles and 

Lawton, 2002; Rowan et al., 2003), which can become potential 

reservoirs at diapir flanks.  

3.5 The thermal effect of salt on the petroleum 

system 

Rock salt has a thermal conductivity three times higher than porous 

sediments. Therefore, the evolution of salt structures within salt-bearing 

basins can produce spatial and temporal fluctuations in the thermal 

regime by focusing or defocusing heat (Mello et al., 1995; McBride et 

al., 1998; Jackson and Hudec, 2017). Salt structures covered by thick 

overburden create a dipole-shaped thermal anomaly (Fig. 8C): (1) a 

negative thermal anomaly towards the base, which reduces the 

temperature of strata below the structure; and (2) a positive anomaly 

towards the top, which increases the temperature of strata above the 

structure (Mello et al., 1995). When salt structures pierce the overburden 

and become passive diapirs (Barton, 1933), this dipole thermal anomaly 

becomes a negative monopole (Fig. 8D), and the diapirs act as  conduits 

of heat out of the basin (Mello et al., 1995; Jackson and Hudec, 2017). 

The negative thermal anomaly reduces the temperature of adjacent 

minibasins, and its ratio of influence is dependent on the size and shape  
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Figure 8.  A) Temperature versus depth of a basin without salt. B) By introducing a salt 

layer of 1 km, the temperature in the subsalt strata decreases by 20°C. C) Dipole thermal 

anomaly associated with a salt diapir not reaching the surface. D) Monopole negative 

thermal anomaly induced by a diapir reaching the surface. E) Thermal anomaly resulting 

from a mushroom-shaped salt diapir connected to the salt source layer. D) Thermal 

anomaly induced by a mushroom-shaped salt diapir not connected to the source (modified 

from Jackson and Hudec, 2017). 
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of the diapir (Yu et al., 1992; Mello et al., 1995). The intrusion and 

horizontal growth of allochthonous salt sheets can additionally reduce 

the temperature of subsalt strata (McBride et al., 1998). Numerical 

models by Mello et al. (1995) indicate that an intrusion of a 1 km thick 

salt sheet can potentially reduce the temperature of subsalt strata by 20°C 

(Fig. 8B). The thermal effect of salt structures has strong implications in 

the petroleum system of salt-bearing basins since it can retard or 

accelerate temperature-controlled processes such as reservoir diagenesis 

and kerogen maturation (McBride et al., 1998). 
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4 Data 

This PhD thesis uses 2D and 3D seismic reflection data provided by the 

Norwegian Petroleum Directorate (NPD) via the Diskos database (Fig. 

9A). These data cover an area of 150.000 km2 that includes part of the 

Bjarmeland platform, Norsel High, central and western sub-basins of the 

Nordkapp Basin and part of the Finnmark platform. Seismic quality in 

the central sub-basin of the Nordkapp Basin is poor due to the presence 

of closely-spaced salt structures. In order to provide a better 

interpretation of this area, I also use a full azimuth 3D cube (Nordkapp 

coil) provided by WesternGeco Multiclient where the salt-sediment 

interface is well imaged (Fig. 9A). NPD also provided the 2D seismic 

survey NPD BA-11 which covers the new areas recently opened for 

exploration such as the eastern sub-basin of the Nordkapp Basin and the 

Tiddlybanken Basin (Fig. 9A). 

This study uses seven exploration wells located in the Nordkapp Basin 

(7228/2-1S, 7228/9-1S and 7228/7-1A), Finnmark platform (7229/11-1), 

Norsel High (7226/11-1), and Bjarmeland platform (7125/1-1 and 

7124/3-1; Fig. 9A). The closest distance between wells is 24 km. 

Borehole data comprise a conventional suit of wireline logs (e.g. gamma 

ray, caliper, neutron, density, sonic, and resistivity), core images, check 

shots, and well tops (Fig. 9B). Borehole data were used to provide age 

constraints and correlate the main seismic units across the basin, 

correlate seismic facies with depositional environments interpreted from 

core and wireline logs, and construct a velocity model for time to depth 

conversion of the seismic profiles. 
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Figure 9. A) Seismic and well data used in the thesis. B) Example of 

synthetic seismograms, wireline logs and interval velocities in the Norsel high 

(left), Nordkapp Basin (middle), and Finnmark platform (right)  
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5 Methods 

5.1 Seismic interpretation 

Eight key horizons and seven seismic units were interpreted to map 

regionally the Nordkapp and Tiddlybanken basins (Fig. 4C). These 

horizons were identified based on reflection amplitude, stratal 

terminations, regional continuity of seismic reflectors, and previous 

studies (e.g. (Glørstad-Clark et al., 2010; Henriksen et al., 2011b; Marin 

et al., 2017). The ages of the seismic units were obtained from borehole 

data, which were tied to the seismic using synthetic seismograms (Fig. 

9B). The regional seismic horizons are: Base Gipsdalen Gp. 

(Pennsylvanian), Top Gipsdalen Gp. (lower Permian), Top 

Tempelfjorden Gp. (upper Permian), Top Havert Fm. (Lower Triassic), 

Top Kobbe Fm. (Middle Triassic), Top Snadd Fm. (Upper Triassic), Top 

Hekkingen Fm. (Upper Jurassic), and the sea floor (Fig. 9B). Papers III 

and IV use in addition a subdivision of the Triassic and Lower 

Cretaceous that follows the stratigraphic framework of Glørstad-Clark et 

al. (2010), Klausen et al. (2015), Grundvåg et al. (2017) and Marin et al. 

(2017). In papers I, III, and IV, seismic facies were calibrated with core 

data and well logs to determine lateral variations in salt rheology and in 

depositional environments within minibasins. 

5.2 Velocity modelling 

The velocity model is based on wells 7228/2-1S, 7228/9-1S, 7228/7-1A, 

7229/11-1, 7226/11-1, 7125/1-1 and 7124/3-1, and it is used to depth 

convert 2D seismic profiles and surfaces across the Nordkapp and 

Tiddlybanken basins. The model includes the sea floor, Top Hekkingen 

Fm, Top Snadd Fm, Top Havert Fm, Top Tempelfjorden Gp., Top 

Gipsdalen Gp., and Base Gipsdalen Gp. as the main velocity transitions. 

An initial interval velocity was assigned to each horizon followed by the 

calculation of the K factor, which describes the change of interval 
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velocities with depth in each interval.  For consistency, depth conversion 

results were compared to other velocity models and depth-converted 

regional profiles from Clark et al. (2014), Gernigon et al. (2014) and 

Gernigon et al. (2018).  

5.3 2D/3D structural restorations 

2D/3D structural restorations were implemented in order to: (1) illustrate 

the 2D progressive evolution of salt structures and minibasins in the 

Nordkapp Basin (paper I), (2) understand the 4D salt flow resulting from 

different triggering mechanisms and subsalt basin configurations (paper 

II), (3) illustrate salt-related surface deformation and subsequent changes 

in relative sea level through time (papers II and III), (4) study 

prospect/minibasin-scale processes such as near-diapir deformation and 

minibasin subsidence (paper IV), and (5) study the thermal effect of salt 

structures through time (paper V). The restorations used flexural slip and 

simple shear algorithms to remove salt-related deformation (Rowan, 

1996; Rowan and Ratliff, 2012). 2D/3D flexural slip was used to 

reconstruct horizons/surfaces affected by minibasin-scale deformation, 

which is associated with progressive folding and limb rotation of deep 

minibasin strata during the early stages of salt mobilization. Vertical 

simple shear, on the other hand, was used to reconstruct deformation 

caused by passive diapirism. Length loss associated with this mechanism 

is insignificant in comparison to the length of the regional profiles. 

Sediments were decompacted using the method of Sclater and Christie 

(1980) since this method fits well the porosity and depth curves from 

borehole data in the Barents Sea (Klausen and Helland-Hansen, 2018). 

For the isostatic compensation of loads, the restorations incorporated 

flexural isostasy with an elastic thickness of 20 km, which is supported 

by basin modelling studies from Gac et al. (2016). Paper II is the only 

study that does not consider decompaction and flexural isostasy since the 

restorations were performed on sandbox experiments where these 

processes are negligible.   
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5.4 Forward stratigraphic modelling 

Forward stratigraphic modelling is used in paper III to analyse the 

dynamics of prograding sediments influenced by salt-related uplift 

and/or subsidence. For this purpose, we used the Geological Process 

Modelling (GPM) Petrel plug-in (Schlumberger), which is a simulation 

and visualization package that models erosion, transport and 

sedimentation based on physical equations (Tetzlaff et al., 2014). 

Clinoform progradation was modelled using the diffusion and steady 

flow equations. The diffusion equation describes the rate at which 

sediments move downslope proportionally to the slope gradient (Tetzlaff 

and Harbaugh, 1989; Flemings and Grotzinger, 1996). Consequently, the 

topography or bathymetry becomes smoother through time. The steady 

flow equation simulates erosion, transport, and sedimentation (Tetzlaff 

et al., 2007). The algorithm calculates the transport capacity from the 

flow depth and velocity for each simulation cell. Erosion occurs when 

the flow contains less sediment that it can transport, whereas deposition 

takes place when the sediment carried by the flow exceeds the flow’s 

transport capacity. Sedimentary simulations were coupled with tectonics, 

whose input such as initial paleo-bathymetry and upflit/subsidence rates 

maps came from the 3D structural restorations.  

5.5 Sandbox models 

Sandbox models were used in paper II to illustrate the differences in 

suprasalt structural style resulting from different triggering mechanisms 

(basement-involved extension versus progradational loading) and subsalt 

basin configurations. The models follow classical techniques applied in 

brittle-ductile analogue modelling of salt tectonics. The modelling 

materials include: (1) a transparent silicone polydimethysiloxane 

(PDMS) with a density of 987 kg/m3 and a viscosity of 5 x 104 Pa s at 20 

°C, which was used to reproduce the ductile behaviour of salt 

(Weijermars et al., 1993); and (2) dry sand with a grain size of 250 μm, 

density 1500 kg/m3, and internal friction angle of 30°, which was used 
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to reproduce the brittle, frictional behaviour of the overburden (Krantz, 

1991; Weijermars et al., 1993). The analogue models were upscaled 

following scaling principles by Hubbert (1937), and compared to seismic 

profiles through the Nordkapp Basin. 

5.6 Thermal modelling 

Thermal modelling was used to study the effect of salt tectonics on the 

thermal evolution and petroleum system of the Nordkapp Basin. The 

thermal modelling was performed for several stages throughout the 

evolution of the basin (structural restorations from paper I), using the 

PetroMod software (Schlumberger). The lower and upper boundary 

conditions for each restoration step were the heat flow and the sediment-

water interface temperature (SWIT). The evolution of basal heat flow 

through time was calculated from the present thermal gradient from 

nearby wells, the history of rifting and associated stretch factor β (Clark 

et al., 2014), and inverse modelling using a modified Mckenzie model. 

The water-sediment surface temperature (SWIT) was reconstructed from 

the paleo-latitude of the basin and water depths through time.  
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6 Summary of papers 

6.1 Paper I: Structural style and evolution of the 

Nordkapp Basin, Norwegian Barents Sea 

This paper provides the first regional tectonostratigraphic evolution of 

the Nordkapp Basin, based on observations from 2D and 3D seismic 

data, borehole data, isochrone maps, and structural restorations (Fig. 

10A). The paper emphasizes: (1) triggering mechanisms of salt 

movement, (2) along-strike differences in the timing of salt diapirism, 

welding and salt depletion, and (3) geological controls that explain the 

different structural styles of the basin.  

Our results indicate that along-strike differences in structural style in the 

Triassic result from the combination of two triggering mechanisms: 

thick-skinned extension and sediment loading. Diapirism and minibasin 

nucleation were strongly influenced by the reactivation of subsalt 

structures which: (1)  created preferential areas of sediment loading, (2) 

caused faulting and stretching of the overburden, and (3) acted as salt 

flow barriers favouring salt inflation and diapirism above these 

structures. Rheological variations within the salt layer played also an 

important role, with salt diapirs located in halite-rich areas (e.g. basin 

axes), while salt pillows developed at basin shoulders where the halite 

thickness was less and the carbonate and anhydrite content was larger.  

Isochrone maps and restored profiles indicate that salt mobilization and 

diapirism occurred earlier in the eastern and central sub-basins due to 

earlier arrival of the lowest Triassic prograding sediments sourced from 

the Uralides (Fig. 10B, step I). The western sub-basin, however, 

experienced the main salt mobilization and diapirism during the Early-

Middle Triassic (Fig. 10B, step II). Differences in timing of salt welding 

and depletion are also observed along the basin, with the underlying salt  
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in the eastern and central sub-basins depleted by the Middle Triassic, 

whereas in the western sub-basin salt depletion occurred by the end of 

the Early Cretaceous (Fig. 10B, step IV). Even though in the eastern and 

central sub-basins the salt was depleted by the Middle Triassic, the 

diapirs continued growing until the end of the Mesozoic by evacuation 

of the remaining salt adjacent to them, thin-skinned gliding, and 

subsequent shortening.  

6.2 Paper II: Controls on suprasalt deformation in 

confined salt-bearing basins: insights from 

analogue modelling 

Paper II uses three sandbox experiments to understand the factors 

contributing to the variation of structural styles in confined salt-bearing 

basins (CSBB) such as the Nordkapp Basin. The first two experiments 

reproduce the effect of sediment progradation into a salt layer deposited 

in a symmetric (Fig. 11C, lower figure) or an asymmetric graben (Fig. 

11B, lower figure), whereas the third experiment reproduces the effect 

of basement-involved extension in a symmetric graben (Fig. 11A, lower 

figure). These three experiments evaluate (1) the impact of the two 

triggering mechanisms above on suprasalt deformation, and (2) the 

influence of subsalt relief on salt flow and its contribution to the 

nucleation and timing of salt structures and minibasins along CSBB. 

Salt tectonics driven by sediment progradation (experiments 1 and 2) 

display a structural style consisting of younger depocenters and salt 

structures in the progradation direction (Fig. 11B and C, lower figures). 

Basement involved extension (experiment 3), on the other hand, consists 

of vertical stacked depocenters near basin boundary faults. Salt diapirs 

and pillows are located above both basin boundary faults and display an 

opposite timing of growth with the older diapirs located in the distal 

basin boundary (Fig. 11A, lower figure). Experiments 1 and 2 indicate 

that basin configuration plays an important role in the  
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Figure 11. A) Upper 

figure is a seismic 

section across the 

central sub-basin of 

the Nordkapp Basin. 

Lower figure shows an 

analogue model of 

thick-skinned 

extension in a 

symmetric salt-bearing 

graben. B) Upper 

figure is a seismic 

section across the 

eastern sub-basin. 

Lower figure shows an 

analogue model of 

progradational loading 

on an asymmetric salt-

bearing graben. C) 

Upper figure is a 

seismic section across 

the eastern sub-basin. 

Lower figure shows an 

analogue model of 

progradational loading 

on a symmetric salt-

bearing graben.  
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structural style in the following ways: (1) Subsalt faults facing sediment 

progradation and perpendicular to the progradation act as barriers to salt 

flow, favouring salt inflation and  the formation of salt diapirs above 

these structures (Fig 11B, lower figure), (2) Faults oblique to the 

progradation front cause the partitioning of salt flow into a component 

perpendicular to the progradation which favours salt flow along strike, 

and a component parallel to the progradation which results in minor 

inflations and subsequent formation of salt pillows, (3) Fault 

intersections facing the progradation direction favour salt accumulation 

and diapirism, and (4) Along-strike narrowing of the basin, either by the 

presence of intrabasinal faults or by non-parallel basin bounding faults, 

results in earlier timing of salt withdrawal and diapirism due to the 

reduced space salt has to flow and accommodate sediment loading. 

Finally, the paper compares the final stage of the analogue models to 

seismic sections across the eastern and central sub-basins of the 

Nordkapp Basin, where the relative contribution of the studied triggers 

and variations in subsalt relief resulted in similar structural styles (Fig. 

11) 

6.3 Paper III: The influence of halokinesis on 

prograding clinoforms: insights from the 

Tiddlybanken Basin, Norwegian Barents Sea 

Paper III combines observations from 2D seismic reflection data, 

borehole data, 3D structural restorations, and forward stratigraphic 

modelling to evaluate the impact of salt movement on the Lower 

Cretaceous clinoforms prograding across the Tiddlybanken Basin 

(Norwegian Barents Sea). The results from this integrated approach 

indicate that salt mobilization influenced clinoform progradation by: (1) 

creating lateral variations in progradation rates (Fig. 12B and E), which 

controlled the location of the coastline and shelf break along the salt- 
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bearing basin (Fig. 12A), (2) inducing spatial and temporal variations in 

clinoform trajectory, which controlled stacking patterns and reservoir 

distribution in salt minibasins (Fig. 12B and C), and (3) increasing 

foreset angles, which affected the clinoform profile and trigger slope-

readjustment processes (Fig. 12B and D).  

Finally, the paper highlights the importance of using forward 

stratigraphic models to analyse clinoforms in tectonically active areas. 

Processes such as progressive tilting and post-depositional rotation of 

clinoforms could lead to wrong interpretation of foreset angles and 

trajectories, which can negatively affect reservoir prediction.  

6.4 Paper IV: Controls on minibasin infill in the 

Nordkapp Basin: evidence of complex Triassic 

syn-sedimentary deposition influenced by salt 

tectonics 

Paper IV combines observations from 3D seismic data, borehole data, 

and prospect/minibasin-scale restorations in a small area of the western 

sub-basin of the Nordkapp Basin with the purpose of: (1) evaluating the 

processes that control diapir growth and minibasin subsidence, (2) 

identifying and describing near-diapir deformation processes, and (3) 

understanding how diapir growth and minibasin subsidence affect the 

distribution of Triassic reservoirs and source rocks around salt structures.   

In terms of salt tectonics, the area of study was affected by: (1) late 

Permian-Early Triassic minor salt mobilization, (2) Early-Middle 

Triassic transition from reactive to passive diapirism, (3) Middle 

Triassic-Jurassic passive diapirism, (4) Late Jurassic-Early Cretaceous 

active diapirism, and (5) Cenozoic contraction and diapir rejuvenation 

(Fig. 13). Rapid horizontal and vertical changes in depositional 

environments in well 7228/7/1A, together with high variability in 

seismic response and strata terminations indicate complex Triassic syn-

sedimentation induced by salt tectonics (Fig. 13). During the Early- 
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Figure 13. In the western sub-basin of the Nordkapp Basin, the Lower Triassic and Middle 

Triassic was characterized by minibasin scale deformation (MSD) resulting in wide areas of 

wide folding (>1 km). Composite Halokinetic Sequences (CHS) formed during the Middle-

Late Triassic, and they were characterized by localized areas of drape folding (< 1km). Note 

also the complex minibasin infill with peridiapiric wedges near salt diapirs and possible 

intervals of source rocks (local high amplitudes) in salt minibasins. 
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Middle Triassic, the transition from a roller to a passive diapir generated 

wide areas of diapir-related deformation (> 2 km) causing minibasin-

scale drape folding of adjacent sediments (Fig. 6A and 13). Since the 

Barents Sea was a shallow shelf, salt-related uplift formed topographic 

highs which acted as local sources of sediments and sediment reworking, 

resulting in the deposition of peri-diapiric wedges at diapir flanks (Fig. 

13). The interpretation of these wedges is uncertain. Based on the 

presence of fan-shape depocenters, they are interpreted as debris flows 

or fan deltas locally sourced from the uplifted roof of salt diapirs. 

However, the deposition of carbonate platforms above the salt diapirs 

remains a possibility. During the Middle-Triassic -Jurassic, salt diapirs 

acted as topographic highs, whereas ongoing sedimentation occurred in 

the surrounding minibasins. Passive growth resulted in local drape 

folding (<1 km) of adjacent strata, forming composite halokinetic 

sequences (CHS; Fig. 6C and 13). Minibasin subsidence, on the other 

hand, controlled the spatial and temporal distribution of fluviodeltaic 

systems. Areas of large subsidence resulted in the local embayment of 

minibasins, which favoured the deposition of organic-rich source 

intervals (Fig. 13). As salt-related subsidence decreased due to welding, 

new progradation of fluviodeltaic sediments covered previous 

embayments and may have deposited potential reservoirs adjacent to the 

salt structures.  

6.5 Paper V: The impact of salt tectonics on the 

thermal evolution and petroleum system of 

confined rift basins: insights from Basin 

Modelling of the Nordkapp Basin, Norwegian 

Barents Sea 

Paper V, in which I am the second author, combines structural 

restorations from paper I with thermal modelling (Fig. 14), with the 

objective of understanding the impact of salt movement on the thermal 

evolution and petroleum system of the Nordkapp Basin. 
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The paper tests two contrasting scenarios in the Nordkapp Basin: (1) 

closely-spaced diapirs in the central sub-basin, and (2) an isolated and 

wide salt diapir in the eastern sub-basin. Thermal modelling in the first 

case indicates that the negative thermal anomalies produced by each 

diapir mutually interfere, and form a combined thermal anomaly that 

reduces the temperature in the minibasins by up to 50° C with respect to 

the adjacent basin shoulders (Fig. 14B). In the eastern sub-basin, 

however, the presence of a wide and isolated diapir induces a strong but 

laterally limited negative thermal anomaly, with the strata adjacent to the 

salt diapir cooled down by up to 70° C. Based on these observations, 

deep Paleozoic source rocks (e.g. Permian and Carboniferous) could be 

still generating hydrocarbons in areas adjacent to salt diapirs and at basin 

boundaries (Fig. 14C). At the basin axis, however, Middle Triassic 

source rocks (Top Kobbe-Lower Snadd) seem to be the most important 

source rock as observed in the Pandora discovery (7228/7-1A). Upper 

Jurassic source rocks, on the other hand, remain immature with localized 

areas entering the early oil window after the Cenozoic sedimentation 

(Fig. 14C).  

These findings open the possibility for new exploration concepts such as 

deeper hydrocarbon kitchens, deeper reservoirs, and entrapment in near-

diapir structural and stratigraphic traps (Fig. 14C).  
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Figure 13.A) Structural restoration of a section across the central sub-basin of the 

Nordkapp Basin. B) Thermal evolution of the section. Notice how the closely-spaced 

diapirs decrease the temperature in the basin. C) Source rock maturation through time in 

the section. 
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7 Discussion 

This section highlights the main findings and contributions of this study 

to the existing knowledge of salt tectonics in the Barents Sea and similar 

tectonic settings worldwide.  

7.1 Global implications for the understanding of 

salt-bearing rift basins 

Traditionally, salt tectonics in salt-bearing rift basins has been described 

as the result of basement involved extension (Koyi et al., 1993a; Stewart 

et al., 1997; Jackson and Lewis, 2016). Few studies have considered  the 

coexistence of two processes such as basement involved extension and 

sediment progradation (Moragas et al., 2017). Papers I and II in the 

Nordkapp Basin demonstrate that the relative contribution of these two 

triggering mechanisms and subsalt relief had important implications for 

the following: 

Along-strike variations in structural style 

Seismic sections across the Nordkapp Basin show important differences 

in structural style along the basin (Fig. 10A). Papers I and II explain this 

variability in terms of the relative contribution of basement-involved 

extension versus sediment loading. For example, a higher contribution 

of progradational loading in the eastern sub-basin with respect to 

basement-involved extension generated younger diapirs and minibasins 

in the progradation direction (Fig. 11B and C). On the other hand, in 

areas where the contribution of basement-involved extension is higher 

such as in the central sub-basin, salt diapirs and pillows grew at both 

basin boundaries, they show opposite timing (distal diapirs are older), 

and minibasins display vertically stacked depocenters (Fig. 11A). Paper 

II additionally shows that each triggering mechanism results in different 

surface deformation, which has implications for understanding the 

spatial and temporal variation of sediment infill.  
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Timing of salt mobilization 

Paper I shows that the combination of both triggering mechanisms 

resulted in along-strike differences in the timing of salt mobilization, 

welding, and depletion along the Nordkapp Basin (Fig. 10). Even though 

Early Triassic basement involved extension affected most of the basin, 

the central and eastern sub-basins underwent earlier sediment loading 

and subsequent salt mobilization due to their closer proximity to the 

sediment source, the Urals (Fig. 10B, step I). This produced earlier 

welding and salt depletion in these sub-basins, where most of the salt was 

evacuated by the end of the Middle Triassic (Fig. 10B, step III). Salt 

mobilization in the western sub-basin started by the end of the Early 

Triassic and continued until the end of the Early Cretaceous (Fig. 10B, 

step II-IV).  

Nucleation of salt structures and minibasins 

Analogue experiments from paper II together with seismic profiles 

across the Nordkapp Basin indicate that the presence of subsalt faults 

strongly controlled the distribution of salt structures in the basin (Figs. 

10A, 11B). Subsalt faults perpendicular to the progradation direction and 

dipping oppositely to it, acted as flow barriers favouring the inflation and 

nucleation of salt walls above these structures (Figs. 10A, 11B).  

Salt-related deformation rates 

Paper II in addition demonstrates that lateral changes in subsalt relief not 

only contribute to the nucleation of salt structures and minibasins (Ge et 

al., 1997; Rowan and Lindsø, 2017), but also play an important role in 

the timing of diapirism and salt-related deformation rates. Increase in 

basin confinement by the presence of intrabasinal faults facing sediment 

progradation or by along-strike graben narrowing, results in an earlier 

timing of salt withdrawal and diapirism due to the reduced space salt has 

to flow and accommodate sediment loading. Since salt finds its way out 

through passive diapirism, salt-related deformation rates increase 
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considerably resulting in the formation of deep minibasins surrounded 

by salt diapirs. The role of basin confinement in the Nordkapp Basin is 

clear; the highest deformation rates occurred in narrow grabens (< 30 

km) and in half grabens with intrabasinal faults facing sediment 

progradation (Fig. 11B and C).  

Initial salt thickness estimates  

Deciphering the mechanisms triggering salt movement in basins such as 

the Nordkapp Basin is difficult. The presence of prograding depocenters 

could indicate sediment progradation (Ge et al., 1997; Rowan and 

Lindsø, 2017). However, it is hard to tell whether subsalt faults were 

active during salt mobilization since most of the deformation associated 

with them can be accommodated by the salt (Koyi et al., 1995b; Nilsen 

et al., 1995; Withjack and Callaway, 2000). In Paper I, structural 

restorations provide clues about the triggering mechanisms of salt 

movement by looking at the restored initial salt thickness. Restorations 

assuming only sediment loading result in an unrealistic initial salt 

thickness > 6 km, while those including both sediment progradation and 

basement involved extension result in a more reasonable initial salt 

thickness of ~3 km. This tells us that the structural style of the basin 

results from the combination of these two processes.  

7.2 Global implications for the understanding of 

minibasin infill by prograding overburdens 

Salt-sediment interaction is a complex bi-directional process in which 

salt and sediments influence each other. Sandbox experiments in paper 

II illustrate how prograding overburdens induce differential loading and 

trigger salt mobilization, which results in the formation of salt diapirs 

and minibasins (Fig. 11B and C). This has been shown in many studies 

using analogue experiments (Koyi, 1996; Ge et al., 1997), numerical 

modelling (Albertz and Ings, 2012), and seismic interpretation (Trudgill, 

2011; Rowan and Lindsø, 2017). The sandbox experiments also illustrate 
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that salt-related uplift and subsidence generate lateral variations in 

accommodation space along the basin. Paper III indicates that these 

variations result in lateral variations of clinoform trajectories, foreset 

angles, and progradation rates, which in turn have implications for 

reservoir partitioning (Fig. 12). In paper III, forward stratigraphic models 

and seismic sections show that clinoforms prograding across actively 

subsiding minibasins increase their foreset angle due to increasing water 

depth caused by salt withdrawal (Fig. 12B and D). Consequently, this 

process can affect clinoform equilibrium and trigger slope-readjustment 

processes such as slope erosion and sediment bypass via gravity flows 

and submarine fan-apron deposition.  

Along-strike variations in clinoform trajectory result in a wide variability 

of stacking patterns and depositional environments (Fig. 12B and C). 

Ascending trajectories favour the vertical seaward stacking of shelf and 

fluviodeltaic depositional environments (Fig. 12B, section 2). Minibasin 

subsidence can also lead to important processes such as channel steering 

and lobe stacking as described in analogue experiments by Kopp and 

Kim (2015) and Liang et al. (2016). Paper III also illustrates that high 

minibasin subsidence can result in aggradation or even back-stepped 

stacking of shelf/fluvio-deltaic deposits (Fig. 12B, section 3). This 

process is identified in the Nordkapp Basin (Paper IV) where minibasin 

subsidence during the Middle-Late Triassic favoured the marine 

embayment of minibasins and local deposition of source rocks (Fig. 13). 

Finally, forward stratigraphic models in paper III also illustrate erosion 

and sediment reworking above growing salt diapirs, which result in the 

deposition of peri-diapiric wedges as in the Nordkapp Basin (paper IV) 

and Tiddlybanken Basin (paper III; Fig. 13). In addition, diapir-induced 

force regressions can be an important process for delivering sediments to 

the slope and basin floor as documented in outcrops of the Lusitanian 

Basin (Pena dos Reis et al., 2017; Pimentel and Pena Dos Reis, 2018).  
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7.3 Regional implications for the Triassic 

paleogeography and petroleum system 

The Triassic in the Norwegian Barents Sea has been generally interpreted 

as a tectonically quiet period, when transgressive-regressive 

fluviodeltaic systems sourced from the Urals and Fennoscandia 

prograded towards the northwestern part of the shelf (Riis et al., 2008; 

Glørstad-Clark et al., 2010; Klausen et al., 2015; Eide et al., 2017; 

Klausen et al., 2018). Paper I demonstrates that the Nordkapp Basin 

underwent a more complex tectonostratigraphic evolution characterized 

by the presence of subsalt and suprasalt faulting, shifting salt withdrawal 

depocenters, and extensive areas of salt diapirism (Fig. 10). 

Sandbox experiments from paper II illustrate that important factors such 

as the type of triggering mechanism and subsalt relief, generate a wide 

variation of suprasalt structural styles, which in turn result in complex 

surface deformation. In the Nordkapp Basin, salt-related lateral 

variations in relative sea level played an important role in controlling the 

spatial and temporal distribution of the Triassic sequences defined by 

Glørstad-Clark et al. (2010). Papers III and IV show that salt-induced 

uplift could have induced sediment reworking and deposition of 

reservoirs above salt pillows or at diapir flanks. Salt withdrawal, on the 

other hand, might have caused the vertical stacking of fluviodeltaic 

deposits in salt minibasins, meaning that Triassic and  Jurassic reservoirs 

could be thicker in the Nordkapp Basin than in the Finnmark and 

Bjarmeland platforms. Papers III and IV also illustrate that rapid salt 

withdrawal might result in the embayment of minibasins, providing good 

conditions for deposition of local source rocks. Moreover, Triassic to 

Jurassic fluviodeltaic reservoirs could be present in a wide number of 

traps, including megaflaps and halokinetic sequences near salt diapirs 

(paper IV, Fig. 13), half turtle structures caused by minibasin inversion 

(paper I), and suprasalt fault complexes at basin boundaries (paper I).  
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Finally, the study of spatial and temporal thermal fluctuations induced 

by salt mobilization is essential for the evaluation of the petroleum 

system in confined salt-bearing basins such as the Nordkapp Basin. Paper 

V indicates that thermal anomalies produced by closely-spaced diapirs 

mutually interfere and induce a combined anomaly that reduces the 

temperature in minibasins by up to 50° C with respect to the adjacent 

Finnmark and Bjarmeland platforms. Based on these results, Paleozoic 

source rocks (e.g. Carboniferous and Permian) could be still generating 

hydrocarbon in areas near salt diapirs and at basin boundaries. Diapir-

induced negative thermal anomalies could have also prevented reservoir 

diagenesis, which enhances the prospectivity of Middle and Early 

Triassic reservoirs at large (> 3 km) depths. It is worth to mention that 

diapir-induced negative thermal anomalies might have also negative 

consequences in the petroleum system. Shallower Middle Triassic source 

rocks proven in well 7228/7-1A and presently laying in the oil window, 

could be still immature or in the early oil window in the near past due to 

the thermal effect of the diapirs. Based on these arguments, the thermal 

effect of salt can result in positive and negative consequences for the 

petroleum system, which deserves further and more detailed studies in 

the Nordkapp Basin.  

7.4 Limitations 

Although this study has significant implications for the understanding of 

salt tectonics in confined rift basins, it is important to highlight the main 

limitations. Understanding these limitations is essential for future 

research since it can promote the development of new methods in seismic 

acquisition and processing, as well as improve modelling tools to better 

understand salt-sediment interaction and hydrocarbon prospectivity.  

Seismic data 

The occurrence of closely-spaced salt structures in confined salt-bearing 

basins such as the Nordkapp Basin, makes seismic imaging and 
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interpretation of salt structures and minibasins challenging. This is a 

common problem in salt-bearing basins due to the steeply dipping diapir 

flanks and the complex ray paths of the seismic waves travelling through 

the salt (Jones and Davison, 2014; Rojo et al., 2016). Poor imaging of 

salt structures can lead to incorrect interpretation of their geometry and 

flanking minibasin strata (Giles and Rowan, 2012), which in turn 

increases the uncertainty in describing their progressive evolution from 

2D and 3D structural restorations. Moreover, incorrect mapping of salt 

structures has a large impact in thermal modelling and petroleum system 

evaluation since diapir-induced thermal anomalies are strongly 

dependent on the shape of the diapirs (Mello et al., 1995). Thus, special 

techniques such as full azimuth seismic data (e.g. Nordkapp coil from 

WesternGeco Multiclient) are essential to study and evaluate the 

potential of confined-salt bearing basins.  

Well data 

The central and eastern sub-basins of the Nordkapp Basin and 

Tiddlybanken Basin are frontier areas with no exploration wells through 

their minibasins. Consequently, interval velocities of deep sediments in 

minibasins are unknown, increasing the uncertainty in depth conversion, 

structural restorations, and basin modelling. The lack of exploration 

wells also makes difficult the correlation between gamma-ray logs and 

seismic facies. Several seismic facies in paper IV have no well control, 

and the interpretation of depositional environments is based on seismic 

reflectivity and internal architectures. 

Forward stratigraphic modelling 

Forward stratigraphic modelling in paper III carries important 

limitations. Even though the modelling results clearly show the impact 

of salt tectonics on the geometry and trajectory of clinoforms, the GPM 

software does not reproduce the effect of differential sediment loading 

on the salt. In order to reproduce this effect, a time-dependent tectonic 

function was created where subsidence values were increased locally 
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when the clinoforms reach the salt layer. This function was tuned up until 

the modelled clinoform geometries coincided with the ones observed on 

seismic profiles.  
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8 Future work 

Towards a bidirectional understanding of salt tectonics and 

sedimentation 

Future research can be oriented towards analysing bidirectional salt-

sediment interaction. This can be studied via analogue and numerical 

models. In analogue models, a water current transporting sand of 

different grain sizes could form distributary channels and deposit deltaic 

lobes on top of a mobile substratum (e.g. silicone PDMS). This way, the 

syn-kinematic deposition of deltaic lobes and variations in stacking 

patterns induced by silicone mobilization underneath could be analysed. 

In forward stratigraphic models, the effect of sediment loading into a 

mobile substrate can be included explicitly as shown in numerical 

models by Albertz and Ings (2012), Peel (2014b) and Pichel et al. (2019). 

The sandbox models from Paper II indicate that variables such as the 

type of triggering mechanism and subsalt basin configuration not only 

produce variations in structural style, but also result in different surface 

deformation. In natural examples, these salt-related surface deformations 

result in lateral fluctuations in relative sea level. Therefore, important 

variables in salt tectonics such as type of triggering mechanism, subsalt 

configuration, salt rheology and thickness, could be additionally taken 

into account in future sandbox experiments and numerical models to 

better understand the influence of these factors on sedimentation and 

reservoir distribution.  

Hydrocarbon exploration in the Nordkapp Basin 

Although this PhD provides a regional understanding of salt tectonics 

and basin infill of the Nordkapp Basin, large uncertainty remains in the 

interpretation due to the presence of closely-spaced salt structures that 

make seismic imaging difficult. Based on results from the Nordkapp coil 

(full azimuth 3D survey), the central and eastern sub-basins might host 
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significant amounts of hydrocarbons trapped in structural (e.g. 

truncations against salt) and stratigraphic traps (e.g. pinch-outs, 

halokinetic sequences) adjacent to salt structures. Therefore, future 

research in hydrocarbon exploration should primary focus on 

illuminating these areas properly via wide azimuth and full azimuth 

seismic acquisition since most of the prospects will be located near salt 

structures. Secondly, regional thickness maps in Paper I display large 

subsidence during the earliest Triassic (Havert Fm.) and Early-Middle 

Triassic (Klappmyss and Kobbe Fms) in the underexplored central and 

eastern subbasins. This large accommodation could have resulted in the 

generation of restricted subbasins and deposition of Lower Triassic 

(Klappmyss Fm.) and Middle Triassic (Kobbe Fm.) source rocks. 

Therefore, the presence of potential and thicker Triassic source rocks in 

the two basins remains a possibility and deserves further research. 

Finally, future studies in basin evolution and thermal modelling should 

intend to integrate 3D structural restorations with 3D thermal modelling. 

This will offer a more precise understanding of the basin in terms of salt 

mobilization, paleobathymetry, source rock maturity, and migration 

pathways through time.  
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9 Conclusions 

Based on a multidisciplinary approach consisting on the interpretation of 

seismic and well data in the Nordkapp and Tiddlybanken basins, 

structural restorations, basin modelling, forward stratigraphic modelling, 

and sandbox experiments, this thesis significantly contributes to the 

knowledge of confined salt-bearing basins in the Barents Sea and similar 

tectonic settings worldwide. Our main findings are: 

1) Confined salt-bearing basins such as the Nordkapp Basin might also 

display a mixed-mode triggering behaviour consisting of basement-

involved extension and progradational loading. Areas where 

sediment loading has a higher contribution are characterized by the 

formation of younger minibasins and salt structures in the 

progradation direction. Areas dominated by thick-skinned extension, 

on the other hand, are characterized by deep minibasins surrounded 

by salt diapirs at both basin boundaries, and older distal diapirs. 

Based on these arguments, each salt-flow triggering process create 

along-strike differences in structural style and surface deformation, 

which play an important role in reservoir and source rock distribution 

and in the timing of structural and stratigraphic traps. Mixed-mode 

salt-flow triggers is a useful concept to understand the 

tectonostratigraphic evolution of confined salt-bearing basins as well 

as its implication for the petroleum system. 

2) Lateral changes in subsalt relief strongly influence the suprasalt 

structural style of confined salt-bearing basins in the following ways: 

(1) subsalt faults facing perpendicularly the progradation front 

contribute to salt inflation and formation of salt diapirs whereas thin-

skinned faults form above subsalt faults dipping in the progradation 

direction; (2) subsalt faults facing obliquely the progradation front 

induce partitioning of the salt flow and favour salt flow along the 

graben; and (3) along strike differences in basin confinement either 

by graben narrowing or by the presence of intrabasinal faults induce 
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along strike variations in the timing of salt mobilization and 

deformation rates, which in turn result in different surface 

deformation and lateral changes in relative level.  

3) Changes in relative sea level by salt tectonics cause lateral variations 

in progradation rates, foreset angle and trajectory of prograding 

clinoforms. Firstly, an increase in foreset angles due to an increase in 

water depth by minibasin subsidence can affect clinoform 

equilibrium and subsequently, trigger slope-readjustment processes 

such as slope erosion and sediment bypass via gravity flows and 

submarine fan-apron deposition. Secondly, ascending trajectories 

caused by salt withdrawal could lead to channel steering and lobe 

stacking, resulting in relatively thicker shallow marine and 

fluviodeltaic reservoirs stored in salt minibasins. In addition, 

minibasin subsidence might also result in the local flooding of 

minibasins, favouring the deposition of source rocks. Finally, diapir 

uplift might contribute to sediment reworking and the deposition of 

potential reservoirs near salt diapirs and on top of salt pillows.  

4) Salt mobilization affected the petroleum systems of the Barents Sea. 

Minibasin subsidence led to the deposition of thicker Triassic and 

Jurassic reservoirs in salt minibasins. However, rapid minibasin 

subsidence could also result in local embayments and deposition of 

Triassic source rocks. Diapir growth, on the other hand, produced 

erosion/reworking of Triassic overburdens, which may have led to 

the deposition of potential reservoirs near salt structures. These 

reservoirs could have been trapped in megaflaps, minibasin-scale 

drape folding, and halokinetic sequences caused by diapir growth. 

Finally, the negative thermal anomalies induced by salt diapirs may 

have retarded rock source maturation and reservoir diagenesis, 

increasing the chances for deep hydrocarbon kitchens and reservoirs, 

and near-diapir traps. 
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