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Abstract 
 

This study focuses on finding new structural and sedimentary constraints for the geometry 

of the Nyk High, located in the distal parts of the Vøring Basin; a segment of the Mid-

Norwegian rifted margin. During this study, a 3D seismic block has been studied in Petrel 

to investigate different structures and stratigraphic sequences. The focus was set on 

interpreting geometries that could improve the understanding of the development of the 

Nyk High. Interpretations show a rather complex and challenging area, with rotated 

extensional fault blocks, local folding, several large and high-angle normal faults, magmatic 

sills, and sedimentary sequences. To further analyse the fault system, two throw profiles 

were created. These show variations in the throw, and both faults are interpreted as 

possibly created by the hybrid fault growth model presented by Rotevatn et al. (2018). 

The results are compared to published literature to develop a discussion. The distal and 

outer domains in the Vøring Basin have been studied for decades and significant knowledge 

has been well-established. However, the understanding and evolution of the distal and 

outer domains of the Mid-Norwegian rift are still debated, and remain ambiguous, mainly 

because of great depths and thus imagery issues. Based on the findings in this study, I 

propose that the Nyk High structural evolution can be summarized by the development of 

two main rotated fault blocks, with the top Cretaceous and intra Mid-Campanian 

sedimentary horizons as main capping envelopes, indicating that at least two rift periods 

were crucial for the formation of Nyk High.  

  



ii 

 

 

 

 

 

 

  



iii 

 

Sammendrag 
 

Denne masteroppgaven fokuserer på å finne nye strukturelle og sedimentære 

avgrensninger for geometrien til Nykhøyden som ligger i den ytre delen av 

Vøringbassenget; en del av den midtnorske riftmarginen. Gjennom dette studiet har en 

seismisk 3D-blokk blitt tolket i Petrel for å studere ulike strukturer og stratigrafiske 

sekvenser. Fokuset var på å tolke geometrier som kan forbedre forståelsen av Nykhøydens 

utvikling. Tolkninger viser et ganske komplekst og utfordrende område, med roterte 

ekstensjonsforkastningsblokker, lokal folding, flere store og høy-vinkel 

normalforkastninger, horisontale magmatiske intrusjoner og sedimentære sekvenser. For 

å videre analysere forkastningssystemet har to profiler som viser vertikal forskyvning blitt 

laget. Disse forskyvningsprofilene viser variasjonene i den vertikale forskyvningen, og 

utviklingen av begge forkastningene kan muligens beskrives av hybrid-modellen presentert 

av Rotevatn et al. (2018). Resultatene er sammenlignet med publisert litteratur for å 

utvikle en diskusjon. De distale og ytre domenene i Vøringbassenget har blitt forsket på i 

tiår, og viktig kunnskap om disse er veletablert. Imidlertid er forståelsen og evolusjonen 

av det distale og ytre domenet i den midtnorske riften fortsatt debattert og tvetydig, 

hovedsakelig på grunn av store dybder som fører til dårlig kvalitet på seismiske bilder. 

Basert på funnene i denne masteroppgaven foreslår jeg at den strukturelle evolusjonen av 

Nykhøyden kan bli oppsummert av to hoved-rotasjonsforkastningsblokker, med de 

sedimentære horisontene topp-Kritt og intra midt-Campanian som hovedhorisonter, 

hvilket indikerer at minst to riftperioder var avgjørende for dannelsen av Nykhøyden.  
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This chapter gives insights into the background of this study, what information and 

research exists and why the chosen topic is pertinent and necessary to investigate further. 

An introduction to the focus and methods of this study is also stated. Lastly, the structure 

of the thesis is presented.  

 

1.1 Background  

 

Extension within the crust eventually leads to the formation of conjugate margins. Rifted 

margins have been studied thoroughly, especially during the last couple of decades (Peron-

Pinvidic et al., 2019). Research has suggested that rifted margins are created through 

several phases of extension and deformation, leading to five structural domains: the 

proximal, necking, distal, outer, and oceanic domains (e.g., Peron-Pinvidic et al. (2013)).  

Figure 1 illustrates the evolution of rifted margins’ understanding, starting with a relatively 

simple illustration in the ‘70s and ‘80s, evolving into a much more complex and detailed 

illustration in the 2000s to 2010s. Improved seismic imaging, analytical methods, and 

sampling of deep wells at distal offshore settings have during the past three decades 

brought new observations, leading to an amendment of the primary used models. This 

advancement led to the two archetypal margins: the Iberia margin as a non-volcanic 

margin and the Norwegian-Greenland Sea margins as a volcanic margin (Peron-Pinvidic et 

al., 2013). Later studies proposed that the division was too simple, and Müntener et al. 

(2010) showed that strict non-volcanic margins probably do not exist. More correct terms 

were furthermore determined to “magma-rich” and “magma-poor” margins, with a range 

of margins in between those two end members (e.g., Franke (2013)). Studies contributed 

to further development, and terms referring to morphology, domains and geological 

processes changed and developed as newer and higher resolution geophysical datasets 

were used together with data from borehole drillings. Despite this consensus, the distal 

and outer domains of rifted margins are still hot topics for debate and a subject for greater 

research, mainly because of great depths in the distal and outer domains, which is limiting 

the accessibility of good core samples and making the knowledge of the outer domains 

greatly based on used datasets and individual interpretations (Peron-Pinvidic and 

Osmundsen, 2016, Brekke, 2022).  

1 Introduction 
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Figure 1 The evolution of the rifted margin concept is illustrated here. It started with a simplistic 

approach in the ‘70s and ‘80s, gradually becoming more detailed and evolved as new observations 
led to new concepts (Peron-Pinvidic et al., 2019).  
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The magma-rich Mid-Norwegian – NE Greenland conjugate rift system was created through 

several rift periods, interfered by periods of quiescence over a time of ∼ 300 Myr (Peron-

Pinvidic and Osmundsen, 2018, Peron-Pinvidic and Osmundsen, 2016). The exceptional 

long rift period has affected the architecture of the rift and led to complex geological 

structures and architecture. The observed geometries obviously mostly relate to the 

extensional setting of the rift, including normal faults, rotated fault blocks and basins, 

however some local folds are also observed. Several authors, including Larsen and 

Skarpnes (1984), Blystad et al. (1995) and Omosanya (2020) have argued for some events 

of compressional regimes in the Vøring Basin, such as fault inversion, folding and reverse 

faults. On the other hand, Gowers and Lunde (1984) argued that the folds observed in the 

area are mostly related to extensional regimes affected by sinistral strike-slip faulting and 

flexuring.  

During the fall semester of 2022, I wrote a specialisation project focusing on new 

sedimentary and structural constraints in the Vøring Basin on a regional scale, the project 

is referred to as Brekke (2022).  

Brekke (2022) presents interpretations of 16 different 2D seismic profiles, all located in 

the Vøring Basin, one of which is presented in chapter 2.2.3. A shallow core interpretation 

was also executed. Several of the profiles allowed for interpretations along the whole rifted 

margin. The focus of that study was to map the main horizons, such as the top basement, 

the seabed and possibly the Moho, in addition to large normal faults, to better constrain 

the study area on a regional scale. Results mainly showed mapping of the top basement 

at shallow depths in the proximal and outer domain, and an increase in depth towards the 

necking domain. This observation corresponds well with extreme thinning of the crust 

towards the outer and oceanic domains, as illustrated in the lower left of Figure 1. A 

significant increase in magmatic additions was observed and interpreted towards the distal 

and outer domains, including SDRs (seaward dipping reflectors). Further, Brekke (2022) 

argues for the presence of a significant wedge-shaped normal fault in her study, indicating 

syn-sedimentary deposition. The presence of such structures is also suggested by different 

authors (e.g., Færseth and Lien (2002)).  

Nyk High is a structure, interpreted as a rotated fault block, and located in the distal parts 

of the Vøring Basin in the Mid-Norwegian – NE Greenland rift. It is elongated in the NE-SW 

direction (Blystad et al., 1995). The structure is dominated by extension and normal faults; 

however, signs of possible reverse faults and strike-slip components are observed (Blystad 

et al., 1995, Ren et al., 2003). Because of Nyk High’s location in the distal Vøring margin, 

it is highly affected by the evolution of the margin, other surrounding structures, as well 

as magmatic activity and complex geology.  

This study focuses on the Nyk High in the distal Vøring margin, where the approach was 

two-fold with first a specialisation project (Brekke, 2022). During this present master’s 

thesis, interpretation of a 3D-seismic block in Petrel is used to better constrain the 

structural and sedimentary architecture of the high. Focus is set on the tectonic evolution, 

and the structural constraining is therefore more represented than the sedimentary 

constraining. Further, the results from this study will be compared to published research 

and to the specialisation project by Brekke (2022).  
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The findings in this study will give a better understanding of the geometries of the Nyk 

High and can be used for further research. Since rifted margins are important to several 

professions, such as hydrocarbon exploration and in the understanding of climate changes 

(Peron-Pinvidic et al., 2019), a further constraining of the study area is considered to be 

important to several different disciplines.  

 

1.2 Structure of the report 

 

The structure of the report is as follows: 

• Chapter 2 presents the theory relevant for this thesis. 

• Chapter 3 describes methods used during this research.  

• Chapter 4 presents the results.  

• Chapter 5 discusses the main findings.  

• Chapter 6 presents the conclusions.  

• Chapter 7 suggests possibilities for further work.  



5 

 

 

This chapter describes the theory relevant for this thesis. Parts of the definitions and 

concepts summarized in this chapter are issued from my specialisation project Brekke 

(2022). New topics have been added, and the subchapters are edited and modified to be 

relevant for this present thesis.  

2.1 Definitions and assumptions 

 

• “Magmatic additions” refer to magmatic structures such as either intrusions, sills, 

lavas or SDRs (seaward dipping reflectors), when not specified.  

• Given the 3D dataset used in this study, the top basement is not visible, and thus 

impossible to interpret. The top basement was studied on the regional seismic 

(Brekke, 2022), where it was interpreted at the boundary between the base of 

sedimentary layers and the top of the crystalline bodies.  

• Dip directions of faults are interpreted by studying the actual fault in at least two 

different directions, usually inline and crossline. Further analysis of selected faults 

is presented in throw profiles.  

• Inline refers to the seismic line that is parallel to the direction of the data that was 

obtained, and is oriented N-S.   

• Crossline refers to the seismic line that is perpendicular to the direction the data 

was obtained, and is oriented E-W.   

• The study area is defined within the outlined red square which is first presented in 

chapter 2.2. When referring to this area, words as “3D seismic cube”, “3D seismic 

block” and “cube” are used.  

• “Increment” refers to the distance used when moving from profile to profile in the 

3D seismic cube in Petrel.  

• The erosional surfaces that are interpreted (especially horizon 6) do not necessarily 

follow a specific seismic reflector, as the aim was to interpret the actual erosional 

surfaces.  

• The seabed is defined as peak.  

 

2.2 Geological setting 

 

Important geological setting, especially with focus on the Mid-Norwegian – NE Greenland 

rift and the Nyk High is described here. Additionally, information on the well 6707/10-1 is 

presented.  

An overview of the study area is presented in Figure 2, where a) shows segments of the 

Vøring margin, including an outline of the location of the 3D seismic, in addition to two 

drilled wells. The figure in b) presents the location of the 2D lines that were interpreted in 

2 Theory 
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Brekke (2022). The legend displayed in a) is representative for all figures that visualize 

the location map (both the overview and the zoomed-in maps) in this thesis.  

 

 

 

Figure 2 a) is showing the study area (outlined by the red square) and the surrounding regions in 

the Norwegian Sea. b) is showing the 2D seismic lines that were interpreted in Brekke (2022).  
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2.2.1 Extensional sedimentary basins 

 

This subchapter is modified from Brekke (2022).  

Extensional basins form because of thinning and stretching within the lithosphere, leading 

to subsidence in the crust and basin formation (Newman et al., 1999, Allen and Allen, 

2013, Brekke, 2022). Such basins are formed in environments that are highly dominated 

by extensional forces (Sclater and Célérier, 1987). The stretching factor, the β-factor, is 

important in the understanding of extensional basins and its formation. As explained below, 

this factor relates the original thickness of a basin to its final thickness. It is also explained 

by the relation between the pre-rift length and the post-rift length (Allen and Allen, 2013, 

Brekke, 2022). The relation between the pre-rift length and the post-rift length is explained 

by adding the pre-rift length with the extension (post-rift length), and dividing it by the 

pre-rift length:  

𝛽 =
𝑙0 + Δ𝐿

𝑙0

 

where 𝑙0 is the pre-rift length and Δ𝐿 is the extension. The relation between the original 

thickness and the final thickness is described as follows: 

𝛽 =
𝑡0

𝑡1

 

where 𝑡0 is the original thickness, and 𝑡1 is the final thickness. Both formulas have their 

strengths and weaknesses, but they both have in common to describe how much an object 

is stretched (Brekke, 2022). The greater the 𝛽-factor, the more extension has been applied 

to the area.  

Two important models that are used to explain rifts are the following two (see Figure 1 for 

illustrations):  

• The pure shear McKenzie model from 1978 

• The simple shear Wernicke model from 1985 (Allen and Allen, 2013)   

 

There are different assumptions for both models, and the McKenzie model (Osmundsen, 

2022, Allen and Allen, 2013, McKenzie, 1978) assumes a vertical heat transfer, airy 

isostasy, instantaneous rifting, and a symmetric extension. These factors cause an initial 

subsidence that occur after the extension and a post-rift subsidence. For the Wernicke 

model (Wernicke, 1985), the assumptions are an asymmetric stretching, and that the area 

of maximal thermal subsidence and the area of maximal crustal thinning are at a distance 

from each other (Allen and Allen, 2013, Osmundsen, 2022, Brekke, 2022). Further, the 

Wernicke model is created based on field observations. Both models are relatively 

simplified compared to the reality, which can lead to some misinterpretations in certain 

situations. One example is that observations of simple shear in the lithosphere where 

extensional detachment faulting occurs contradicts the assumption of pure shear that is 

needed for the McKenzie model (Allen and Allen, 2013, Osmundsen, 2022, Brekke, 2022). 

Followingly, the Wernicke model has been challenging to use in rifts and rifted margins at 

places where the area of maximal crustal thinning and maximal thermal subsidence is 

observed above each other (Allen and Allen, 2013, Osmundsen, 2022, Brekke, 2022).  
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Also, the McKenzie and Wernicke models are primarily created for proximal domains. By 

using high-resolution geophysical data together with deep-sea drilling and onshore 

analogue studies, it is shown that the outer and distal domains are quite different from the 

proximal domains (Peron-Pinvidic et al., 2013, Brekke, 2022). The finding of 

hyperextended continental crust and exhumed subcontinental mantle are examples of this 

difference because they appear as unexpected structural settings (Peron-Pinvidic et al., 

2013, Brekke, 2022).  

 

2.2.2 Rifted margins 

 

This subchapter is modified from Brekke (2022).  

Plate tectonics and the opening and closing of oceanic basins can be explained by the 

“Wilson Cycle”, which is often divided into six stages. These stages are the formation of an 

orogeny, followed by a collapse, then rifting when the plates move in opposite directions, 

breakup followed by drifting, and convergence and subduction, then back to the formation 

of an orogeny (Wilson, 1966). The cycle, presented in Figure 3, has been important in the 

understanding of, and further evolution of plate tectonics (Wilson et al., 2019), including 

the evolved understanding of rifted margins.  

 

Figure 3 Illustration of the Wilson cycle, first presented by Wilson (1966). 
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Rifted margins mark the breakup, as a result of extensive rifting and extension within the 

lithosphere (Peron-Pinvidic et al., 2019, Brekke, 2022). Over the past couple of decades, 

immense research regarding rifted margins is published. This research has led to an 

explanation where the rifts are divided into different domains based on characteristic 

architecture along the margin (Peron-Pinvidic et al., 2013, Brekke, 2022). Rifted margins 

consist of an upper plate margin, a lower plate margin and an H-block. Since the research 

area of this thesis pertain within the lower plate margin, neither the upper plate, nor the 

H-block will be elaborated further.  

Rifted margins are sectioned into these five domains: the proximal, necking, distal, outer, 

and oceanic. All these stages are created during different phases of deformation, and they 

portray distinct characteristics and processes (e.g., Peron-Pinvidic et al. (2013), Brekke 

(2022)). The domains are illustrated in Figure 4. 

 

 

Figure 4 This figure displays the dividing of the five domains of the lower plate margin together with 
important characteristics for each domain. The illustration is modified from Peron-Pinvidic et al. 

(2013).  
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The following division of the five domains is inspired by Peron-Pinvidic et al. (2013). These 

domains are illustrated in the Mid-Norwegian rift portrayed in Figure 5.  

The proximal domain 

The proximal domain is the domain closest to the platform. Characteristics of this domain 

which is dominated by a stretching deformation process, are half graben basins, wedge-

shaped sedimentary strata and high-angle normal faults (Brekke, 2022).  

The necking domain 

Succeeding is the necking domain, where thinning and crustal deformation coupling occurs. 

This domain is recognized by a rise in Moho, extreme thinning of the crust, and wedge-

shaped structures (Brekke, 2022).  

The distal domain 

Further out towards the ocean, the distal domain appears. There, the architecture is 

defined by sag-type basins, possible exhumation of the mantle and low angle detachment 

faults. Hyperextension is also characteristic for this domain, which is a process that can 

lead to an embrittlement of the upper and lower crust, causing penetration of major faults 

into the mantle. An even weaker and more deformed crust can occur if the exhumed mantle 

causes serpentinization, which can happen in the distal domain (Brekke, 2022).  

The outer domain 

The outer domain is also characterized by exhumation and serpentinized mantle. Further, 

it also has a significant increase in magmatic activity, creating magmatic intrusions, sills 

and SDRs. The final lithospheric breakup and the mechanisms in the outer domain help to 

trigger the final lithospheric breakup and seafloor spreading (Cannat et al., 2009, Bronner 

et al., 2011). The outer domain is also prominent in defining whether a rift is magma-rich 

or magma-poor (Peron-Pinvidic et al., 2013, Brekke, 2022).  

The oceanic domain 

The last domain is the oceanic domain, marking the changeover between the continental 

and the oceanic crust. Compared to the other domains, the crust is at its thinnest in this 

domain. Further, the basement is here often observed at shallow depths, a statement 

supported by findings from e.g., Brekke (2022)’s specialisation project.  
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Figure 5 Map of the lower plate margin in the Norwegian Sea, with all the domains outlined. Thin, 
grey dashed lines represent the main fault complexes. Please disregard the thick black lines. Figure 

from Peron-Pinvidic et al. (2022).  

 

The study of rifted margins has historically been mostly important to the petroleum 

industry, with focus on hydrocarbon exploration. However, they are also proven to give 

significant information within other disciplines as well (Peron-Pinvidic et al., 2019). A 

broader knowledge about rapid climate changes, greater 𝐶𝑂2-production caused by rifting 

and breakup, and the understanding of the sediment supply within the distal basins are 

some examples of why a better understanding of rifted margins is important (Peron-

Pinvidic et al., 2019, Brekke, 2022). This project focuses on the distal parts of the Mid-

Norwegian Vøring margin.  
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2.2.3 Mid-Norwegian – NE Greenland conjugate rift  

 

This subchapter is modified from Brekke (2022).  

The information provided in this subchapter is based on the references Blystad et al. 

(1995), Brekke (2000), Faleide et al. (2008), and Peron-Pinvidic and Osmundsen (2018) 

except when mentioned otherwise (Brekke, 2022).  

The Mid-Norwegian – NE Greenland rift system has an extraordinary long rifting period. 

The collapse of the Caledonian Orogeny in Devonian time, about 400-410 Ma, is interpreted 

as the first episode related to the formation of this margin. The final breakup occurred  

about 54 Ma, in the Early Tertiary (Paleogene) (Talwani and Eldholm, 1977, Brekke, 2022). 

However, it can be argued that the first event related to rifting is in fact not the collapse 

of the orogeny, but rather occurred during the Early Carboniferous. Thus, it comes down 

to the definition of what rifting is. Anyhow, the rifting period is estimated to at least 300 

Myr (Brekke, 2022).  

Instead of treating the rift as one large and long-lasting rift period, a more reasonable 

scenario of the evolution is that the margin was created during a longer period of 

alternation between multiple rift changes and quiescence (Doré et al., 1999, Brekke, 

2022). According to Peron-Pinvidic and Osmundsen (2018), the evolution of the rift can be 

divided into four major geological events. The two first events include the formation of an 

orogeny and its collapse, which occurred in respectively Silurian and Devonian-

Carboniferous. Followingly, two successful rifting phases occurred. The first during the 

Carboniferous, Permian and Middle Jurassic times, and the second in Middle and Late 

Jurassic to Early/Mid Cretaceous times (Brekke, 2022).  

Basins found in the proximal settings, for example on the Trøndelag Platform, were created 

during the first rifting period in Carboniferous, Permian and Middle Jurassic times. During 

the second rifting phase, the Vøring Basin was formed. A final rifting episode had great 

impact on the outer ridges complexes between Late Cretaceous and Paleocene, and Eurasia 

and Greenland finally separated in early Eocene, about 54 Ma (Talwani and Eldholm, 1977, 

Brekke, 2022). The outer domain was significantly influenced by massive volcanic activity 

of around 61 Ma (Skogseid and Eldholm (1987), Saunders et al. (1997), Peron-Pinvidic 

and Osmundsen (2018)).  

According to Blystad et al. (1995), the regional stress regimes were greatly affected by the 

continental breakup, the Caledonian orogeny and the two major rifting events. Before the 

Late Devonian, the lithospheric plates were in a compressional stress regime. Followingly, 

the stress regime altered to an extensional stress regime between the Late Devonian and 

the Eocene, and during the ensuing seafloor spreading in Tertiary, the stress regime 

changed to slightly compressional (Brekke, 2022). Zastrozhnov et al. (2018) highlights 

different inversion structures from Mid-Cenozoic as indications of compressional stress, 

probably caused by a ridge push (Vågnes et al., 1998, Doré et al., 2008). This is also 

discussed by several authors, for instance those mentioned in chapter 1.1.  

The migration of fault activity in the NW-NNW direction, and a change in the maximum 

elongation trend from WSW-ENE in Devonian time to NW-SE orientation during the last 

phases of the Paleocene rifting are important observations because they indicate a large 

change in the orientation regional stress regime in the Mid-Norwegian rift. (Mosar et al., 

2002, Peron-Pinvidic and Osmundsen, 2016, Brekke, 2022). Moreover, Doré et al. (1999) 

highlighted the significant rotation of the stress orientations over time as a characteristic 
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of this rifted margin. These findings are supported by findings presented by Blystad et al. 

(1995); that the stress orientations have changed several timed during the rifting periods 

(Brekke, 2022).  

An increase in magmatic additions towards the outer domain of this rift was interpreted by 

Brekke (2022). Some of them being “smiles” - magmatic sills that are shaped as the name 

indicates. Those distinct features are also observed in the Vøring Basin by Planke et al. 

(2018).   

Another incident assumed to have affected the margin is according to Zastrozhnov et al. 

(2018) glaciation events. These events did not affect the rifting, but they may have 

contributed to an expansion in depocenters across the margin, an increase in regional 

subsidence and tilting of the margin (Hjelstuen et al., 1999, Rise et al., 2005, Faleide et 

al., 2008).  

Figure 6 presents a 2D seismic line interpretation performed by Brekke (2022).  The line 

is oriented W-E and covers most of the domains in the rifted margin across the Mid-

Norwegian rift. The 2D line also show the location of the Nyk High. Following the 

interpretation of the top basement (black line), it is interpreted at a rather shallow depth 

to the east, deepening towards the distal domain, then raising around Nyk High, before it 

again deepens further out in the outer domain, and then shallows towards the Vøring 

Escarpment. There are also interpreted several faults, indicating rifting and extension. The 

magmatic activity seems to have affected the area, and intrusions increase towards the 

outer domain. Additionally, Brekke (2022) located a large, wedge-shaped fault (see Figure 

7), possibly indicating a syn-sedimentary depositional environment (Wang et al., 2016).  
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Figure 6 Figure showing the location of the seismic 2D line (a) and interpretation of the profile (b). 

Faults are interpreted in arbitrarily colours and are curved to semi-vertical. One large wedge-shaped 
fault in red is located at Nyk High. Onlap is indicated with arrows. Interpretation of the top basement 
is made in black (dotted line is indicating uncertainty of the mapping). Seabed is dark blue and red 

semi-horizontal mapping indicates magmatic intrusions. b) is slightly edited from Brekke (2022).  

[ms] 
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Figure 7 The large syn-sedimentary wedge interpreted by Brekke (2022). a) shows the wedge 

uninterpreted, while a fault and the top basement is shown in b). The wedge is increasing in thickness 
towards the red fault (from E to W in the profile).  

 

 

 

[ms] 

[ms] 
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2.2.4 Sedimentary setting of the Vøring Basin 

 

The Vøring Basin is an extensional sedimentary basin located between the Trøndelag 

platform in the SE and the Vøring Escarpment in the NW of the Mid-Norwegian – NE 

Greenland rift (e.g., Blystad et al. (1995)). The geological evolution of the Vøring Basin is, 

according to Mørk et al. (2001), much related to the rifting and volcanism that occurred 

during the Early Tertiary (now termed Paleogene). The basin started to develop during the 

rifting period in Late Middle Jurassic, lasting to Early Cretaceous, and leading to the 

breakup between Scandinavia and Greenland in Early Eocene. As explained in chapter 

2.2.3, duration and time for events in relation to the Mid-Norwegian – NE Greenland rift 

are still a hot topic for debate, and the evolution of the Vøring Basin is no exception (e.g., 

Ren et al. (2003)).  

Zastrozhnov et al. (2018) presents a very detailed illustration of the Vøring margin, 

showing lithology ranging from upper Devonian to Late Quaternary (see Figure 8). The 

oldest rocks are found in basins at the Trøndelag Platform, and the basement is present 

throughout the whole profile, with different thickness. At Nyk High, the figure is showing a 

thick succession of Cretaceous-aged rocks, with smaller layers of Paleogene sediments, 

and possibly some from Quaternary. A similar interpretation of the bedrock is made by 

Omosanya (2020), though at a shallower level, only showing rocks from Cretaceous time 

and younger. Thick Cretaceous basin fills is also supported by Brekke (2000) and Færseth 

(2021). The core of the drilled wellbore 6707/9-U-1 was studied by Brekke (2022), and 

the lithology is mainly intervals of sandstone and mudstone. The location of this well is 

shown in Figure 6a.  

The rift periods have affected the setting of the basin, and much magmatic intrusions are 

found, especially in the distal and outer domains of the basin, which is also illustrated in 

Figure 8. Brekke (2022) also argued for increasing magmatic activity towards the outer 

domains of the margin, this was shown in several of the interpreted 2D seismic profiles.  

 

Figure 8 Illustration from Zastrozhnov et al. (2018) of the Vøring margin. Nyk High is seen between 
the Naglfar Dome and Någrind Syncline. Wellbore 6707/10-1 is placed at Nyk High. The profile is 

oriented NW-SE.  
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2.2.5 Wellbore 6707/10-1 

 

The well 6707/10-1 was drilled in 1997 and was the first well to be drilled in the outer 

domain of the Vøring Basin (Factpages). It is located to the southwest on the Nyk High and 

it targeted a rotated fault block. The core consists of Late Cretaceous sandstones, in 

addition to a distinct flat spot, which is marked in Figure 9. Since no seismic to well tie is 

performed (because of limited time), well tops are not displayed.  

The main reason for drilling this well was to study the quality of, and the fluid content of 

the of the Nise Formation from Campanian age. There was recovered 171 m of the sampled 

core. The drilled well pertain within the interpreted 3D-seismic block at Nyk High (see 

Figure 6 for location), hence giving an indication of possible lithology in the area. Figure 

10 shows five meters of the sampled core, from 3040 to 3045 meters depth. It portrays 

mainly porous and fine to medium-grained sandstone, with occasionally features of 

mudstone.  

 

 

Figure 9 Seismic profile from the 3D dataset exhibiting well 6707/10-1. For location the reader is 
referred to Figure 6a). The flat spot is shown. NB: no seismic to well tie is performed during this 
study.   

[ms] 
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Figure 10 Five meters of the drilled core, mainly showing presence of sandstone, with smaller 

mudstone occurrence. The sandstone appears porous throughout and less consolidated at several 
places.  
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2.2.6 Nyk High 

 

Nyk High is a structure located in the outer domain of the Mid-Norwegian – NE Greenland 

rift system in the Norwegian Sea. It is interpreted and described as a rotated fault block, 

and is located between the Hel Graben to its NW and the Någrind Syncline and the Utgård 

High to its SE (e.g., Blystad et al. (1995)). According to Blystad et al. (1995), Nyk High 

forms the southern part of the eastern side of the Hel Graben. The high is elongated NE-

SW and is approximately 15 to 20 km wide. Further, it was created during the post-

Cenomanian time, by differential subsidence across the Surt Lineament (Blystad et al., 

1995). Nyk High’s formation is closely related to the formation of the Hel Graben and the 

Någrind Syncline. To the NW of the Nyk High, the compressional structures (Lundin et al., 

2013), the Naglfar Dome and the Vema Dome are found (Figure 2a)). Existence of mud 

diapirs are observed above the latter dome (Blystad et al., 1995).  

The wellbore 6707/9-U-1 from Cretaceous time (Lundin et al., 2013) is one of few shallow 

cores obtained from Nyk High. The core is drilled from 98 m depth to 237.2 m. According 

to the interpretation made by Brekke (2022), the core consists of mainly a grey fine- to 

medium grained sandstone and mudstone. A significant part of the cored sample is 

missing, possibly indicating low-consolidated rocks in the cored area. Although this core 

only is representative for the area it is cored, it is reasonable to use the information 

presented by Brekke (2022), together with wellbore 6707/10-1 and other interpretations 

and observations when studying new structural and sedimentary constraints.  According 

to Færseth (2021), a more than 800 m thick sandstone from the Lower Campanian is 

located at Nyk High (Fjellanger et al., 2005, Kittelsen et al., 1999).  

 

2.2.7 Summary of the Cretaceous to Paleocene evolution in the NW Vøring 

Basin 

 

Færseth (2021) published extensive research on the structural geology and basin 

development of the Norwegian Sea and explains the evolution from Devonian to the 

Cenozoic times. Since the study area of this research is mainly from Cretaceous time, this 

subchapter focuses on the Cretaceous to Early Paleogene evolution.  

The Norwegian Sea is characterized by massive Cretaceous basins. The evolution of the 

Cretaceous basins in the Norwegian Sea is still ambiguous, and several authors have 

argued for different scenarios, including two extensional events (Doré et al., 1999), 

episodic phases of extensional events with cooling phases in between (Zastrozhnov et al., 

2020), and how reactivation of Jurassic faults have affected the overlaying strata of Early 

Cretaceous time in the Vøring Basin (Zastrozhnov et al., 2018, Peron-Pinvidic and 

Osmundsen, 2018, Zastrozhnov et al., 2020). The constraining of Early Cretaceous 

extension is still poor, because of Jurassic crustal stretching (Færseth, 2021). Signs of 

compaction is also observed in the area (Færseth, 2021), one significant observation being 

compaction-induced faulting, which is created when compaction of sediments is opposed 

to a hanging wall, causing sediments to be dragged up towards that fault scarp. This type 

of compaction is observed in the Late Jurassic to Early Cretaceous, and is often related to 

thermal subsidence (Bertram and Milton, 1988), which is argued to have been an important 

mechanism, especially of the Early Cretaceous sedimentation (Færseth, 2021).  
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The rift phase in Campanian-Paleocene time had most impact on the north-western parts 

of the Vøring Basin (Skogseid and Eldholm, 1989, Roberts et al., 1999). This period is 

characterized by major extension and normal faulting, fault block rotation, uplift, and 

erosion, and it is proposed that this is the period with the main activity of normal faulting 

in the area (Brekke, 2000, Færseth and Lien, 2002), meaning this rift period is significant 

for the evolution of the Nyk High. According to Ren et al. (2003), three characteristics of 

the Late Cretaceous-Paleocene rifting in the NW Vøring Basin are low-angle normal faults, 

syn-rift sedimentation and subsidence, followed by magmatic activity and regional uplift 

and erosion. Despite extensive research over the past years, there is still uncertainty 

regarding the timing and importance of different events, including the amount of stretching 

(e.g., Peron-Pinvidic and Osmundsen (2018), Zastrozhnov et al. (2020), Færseth (2021)).  

 

2.3 Fault network 

 

Faults are types of fractures that form in different stress regimes. When stress is applied 

to a rock, the rock will deform and when the stress exceeds the Mohr Coulomb criterium, 

the rock will eventually break and create fractures (Fossen, 2010). When two fault blocks 

move in opposite directions relative to each other, a displacement occurs, and a fault is 

created. Faults are complex structures that can form in extensional, compressional, strike-

slip environments, in a combination of those three, or as reactivations of older faults or 

fractures, and weakness zones (Fossen, 2010).  

Faults usually appear in sets, which eventually create networks (Willemse, 1997, Walsh et 

al., 2003, Nixon et al., 2014). They are important in the understanding of how the faults 

have affected the research area. Fractures and faults weaken the rock, can affect the 

sedimentary deposition, lead to rotation, and behave as traps or as leakage paths for 

hydrocarbons (Fossen, 2010). Studying faults can also reveal information on different 

stress regimes (Fossen, 2010) that were active at the time the faults were created, and it 

can also give information on which faults were created when, relative to each other. When 

the faulting and sedimentation is active at the same time (syn-tectonic sedimentation), 

the sedimentary layers in the hanging wall increase in thickness towards the fault 

(Hongxing and Anderson, 2007) and can create an alleged wedge-shape.  

As mentioned, faults are rarely created as single faults, they are part of greater segments 

and network. Gawthorpe and Leeder (2000) present detailed and informative figures 

explaining the growth of a fault in extensional basin by segment linkage. The two figures 

show a visualization dividing the fault growth into three stages: initiation, interaction and 

linkage, and through-going fault zone. Figure 11 shows the 3D evolution of the growth of 

a normal fault system. At initiation stage, several small faults start to develop with isolated 

depocenters. At the interaction and linkage stage, the isolated faults start to grow together 

and link. This can occur because of reactivation of faults, for instance when stress is 

repositioned (Gawthorpe and Leeder, 2000). The reactivation can also have impact on and 

create new fault sets in the stratigraphy above (Bailey et al., 2005, Frankowicz and McClay, 

2010). At the final stage, the faults have grown together, and the deformation is now 

localized along the large fault zones. The same three stages are also illustrated in Figure 

12, which shows the relation between distance and displacement. It gives a schematic 

presentation of how three segments over time grow together into one large segment. There 

is a subsidence in the major fault segment where the linkage occurred.  
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Figure 11 A 3D illustration of the evolution of fault growth divided into three stages: initiation stage, 
interaction and linkage stage and through-going fault zones. The evolution initiates by three isolated 
fault segments (A, B and C), and they start to interact and link before they are all connected into 

one large fault (Gawthorpe and Leeder, 2000).  
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Figure 12 A schematic presentation of the evolution of fault growth divided into three stages: 

initiation, interaction and linkage and through-going fault zone. It starts with three isolated fault 
segments in A, which interact and link together in B, before they all connect to one large fault 
segment in C (Gawthorpe and Leeder, 2000). 

 

Rotevatn et al. (2018) highlights the fact that textbooks within structural geology 

exclusively presents the propagation model, and not the constant-length model, which 

makes the latter model less known to those not specializing within fault growth. The 

propagating fault model is older and more established, while the constant-length model 

was introduced as an alternative model for fault growth by Walsh et al. (2002), and is 

therefore relative new. Results from Rotevatn et al. (2018) show that only a few of the 

experimental and natural faults that are studied can be described by the propagating fault 

model. Even though fault growth does happen accordingly to propagation, it is in the 

mentioned study rather described as an end-member behavior, and not as the norm. They 

rather suggest that faults actually grow accordingly to both fault models during their life 

span; at early-stage faults act accordingly to the fault propagation with linkage and 

lengthening (when the growth is dominated by lengthening), and later an increase in 

constant-length displacement follows (when the growth is dominated by an increase in 

displacement). The model is described as a hybrid-model of the two end-member growth 

methods and is illustrated in Figure 13.  
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Figure 13 Illustration of how faults grow in relation to length and displacement accordingly to a hybrid 
growth pattern. The propagating fault growth is shown in green, and the constant-length growth is 

shown in blue. The growth along one of the black lines in between the two endmembers, indicate a 
hybrid fault growth pattern. Figure obtained from Rotevatn et al. (2018).  

 

Throw profiles 

Throw profiles are diagrams that show the vertical displacement (throw) of a fault plotted 

against the distance along that fault (e.g., Nixon et al. (2014)). Such diagrams can 

contribute to a better understanding of how the analyzed faults have grown. Consequently, 

a large throw indicates a large vertical displacement. Usually, each fault will have one 

maximum throw, thus studying throw profiles where multiple throw maximums are 

interpreted could indicate that multiple faults have connected and grown together (Nixon 

et al., 2014). The results of such diagrams can help explain how the interpreted faults have 

grown, and if they are one single fault, or rather a set of multiple faults that have 

connected.  
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The domino effect 

Normal faults can occur in a “domino faulting” pattern. If an area is exposed to extension 

and the hanging wall starts to rotate, it can create fault blocks within which will create a 

domino-looking pattern. This type of faulting is often seen in relation to low-angle listric 

normal faults, and the tilting of the faults allows for greater accommodation space for syn-

tectonic sedimentation (McClay and Buchanan, 1992). 

 

2.4 Seismic interpretation 

 

Seismic interpretation can be used to study geological and geophysical properties. This 

procedure allows for detailed interpretation of the subsurface, such. These data are often 

obtained by using seismic reflection waves that are sent from a source, through the 

subsurface and reflected back to a receiver. When the waves reach a boundary with 

different density, some of the wave will reflect back and a part will continue further down 

(Haldar, 2018). When the data that is collected is processed, eventually seismic images 

are obtained and can be interpreted. Since different formations and rock types will have 

different densities, the waves will travel through the media in changing velocities. Changes 

in seismic amplitude will appear as different reflectors, and strong reflectors often indicate 

a change in lithology. This can help dividing the seismic into different sedimentary 

sequences, in addition to detecting fluid types and structures such as faults and folds.  

When performing seismic acquisition, two common surveys to collect are 2D and 3D 

surveys. On 2D surveys the image is provided in two dimensions, horizontal and vertical. 

When collecting 3D surveys, the points of collections are distributed evenly over the target 

area, giving an additional dimension to the acquisition compared to the 2D data 

(Schlumberger).  
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The following section explains the approaches and methods used for constraining the 

geometrical history of the Nyk High. The methods that are used are seismic interpretation 

of 3D-seismic in Petrel, in addition to a fault analysis by studying the relationship between 

the fault throw and the distance along the fault.  

 

3.1 Seismic interpretation 

 

For the seismic interpretations, the 3D dataset BNP9601 provided from the NTNU-NPD-

SCHLUMBERGER PETREL READY Database is used. The seismic 3D data is provided down 

to a depth of 7 s-twtt. All seismic profiles are presented with the depth measured in 

milliseconds. The focus of the interpretation has been on main horizons and main faults 

that can be argued to have contributed to the broad structural evolution of the area. 

Smaller local faults were therefore not mapped.  

Features that are focused on and mapped during this study are as follows: 

• Horizons: mapped in different colours and labelled with numbers 1-8.  

• Faults: mapped in random colours, recognized as semi-vertical lines with squares, 

labelled with the letter F followed by a number.  

• Erosional surfaces: mapped in the same way as horizons and interpreted as 

erosional surfaces.  

• Magmatic intrusions: mapped in red using the horizon interpretation tool in Petrel.  

The seabed is interpreted with the 3D autotracking tool, while horizons 2-5 are interpreted 

with the 2D autotracking tool. For horizons 6-8, the manual interpretation tool was mainly 

used. The manual interpretation tool was used where the reflectors were either dividing or 

not coherent, hence challenging to interpret with the automatic options in Petrel.  

This thesis is mostly based on interpretations of a 3D-seismic block, located in the Vøring 

Basin, covering the southwestern parts of the Nyk High. The interpretation is mainly 

executed by interpreting profiles in a N-S direction (inline), while the crossline-direction 

(E-W oriented) is used to crosscheck and improve the interpretations initially made in the 

inline direction.  

 

 

 

 

 

 

3 Methods 
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Approach of seismic interpretation 

The seismic data was approached by interpreting the main horizons and the main faults by 

interpreting profiles and incrementing the distance with a factor of 50 each time. This 

enabled the interpreter to mark the main structures relatively quickly, and it gave a wide 

image of different geometries. Further, the approach was to interpret profiles with a smaller 

distance. This process was repeated until the interpretations were detailed enough. The 

mapping was mostly performed with increments of 50, 25 and 10. Such an approach 

allowed the interpreter to locate important geometries before studying them more in detail. 

When interpretations made in the inline direction were inconsistent in the crossline 

direction, it is an indication of inconsistent mapping. When situations like that occurred, 

the approach was to adjust the interpretations made in the inline direction to map the 

actual structure as consistent as possible.  

Seismic interpretation of horizons 

The interpreted horizons are mapped along strong reflectors that are indicating a change 

in lithology. When following some of the horizons, the reflector stopped or divided in some 

of the profiles, making the interpretation challenging. In such cases, it was necessary to 

evaluate which interpretation was most correct. Although that was intended, there lies a 

possibility of wrong interpretations in such cases. Further, magmatic additions are 

interpreted using the interpretation tools intended for horizons, and they are interpreted 

with red colour.  

Seismic interpretation of faults 

Faults are interpreted with the fault interpretation tool in Petrel and are shown as lines 

with squares on the interpretations. Some indications of faults can be an abruptly end of 

reflectors, a relative movement of rocks or sediments, tilting, rotation, and subsidence. 

Faults are seldom entirely vertical, so the faults that are presented and discussed here are 

all curved. It should also be considered that there is a possibility of different fault sets, 

therefore explaining why the same faults are interpreted as shorter/longer/steeper/slacker 

in different profiles. Further, the faults that have been focused on are larger faults that 

have impacted the tectonic evolution of the research area. 

3D grids 

3D grids of important horizons have also been made in the Petrel software, including 3D 

visualizations of faults. Some of these grids, as well as 3D visualizations of faults, are also 

illustrated and discussed. 3D visualizations of faults and horizons are used to better explain 

and visualize the horizons, to understand how faults change laterally and vertically and 

how they affect the tectonic evolution of the Nyk High area. 
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3.2 Fault analysis 

 

Diagrams plotting the fault throw against the distance along the fault are made and 

interpreted for faults F1 and F3. Such diagrams illustrate how the fault throw changes with 

distance. The hanging wall (Hw) and footwall (Fw) cut offs are measured from the analysed 

faults in Petrel by finding the depth [ms] of the used horizon on each side of the fault. The 

method used for obtaining the values is presented in Figure 14. The figure shows a normal 

fault cutting through a horizon. The footwall depth is measured by holding the cursor where 

the horizon is closest to the fault (blue circle) on the footwall side of the fault. The value 

of the hanging wall is measured similarly, just on the hanging wall side of the fault. In 

Petrel, the values of the depths are displayed in the lower right corner of the screen and 

labelled “Time”. All depths have negative values; thus, the throws are calculated by using 

the absolute value of the hanging wall and footwall values, using this formula: |Fw-Hw| 

(In Figure 14 described as |Value Fw-Value Hw|).  

The distance along the faults is measured by using the measuring tool (Measure Distance 

[D]) in a 2D window in Petrel which is displaying the fault. When measuring the distance, 

the measurements are made linearly, which means the measured distance is at some 

places shorter than the actual distance. The measured distance is rounded up/down to the 

nearest ten.  

Calculations and diagrams are created in Excel. The collected values are plotted against 

each other with the distance (x-axis) and the fault throw (y-axis). The fault tips are set to 

zero in distance and throw, and they are marked with A and B in the created diagrams.   

Because of challenging geology in the study area, several horizons were not possible to 

map with confidence throughout, and at some places impossible to map. Since throw 

profiles created from Petrel will calculate every interpretation made of the used horizon 

and fault, diagrams created from Petrel would not have turned out correctly. The diagrams 

made in Excel are based on values that are read from Petrel, which to some extent affects 

the credibility of the diagrams. However, the diagrams still give valuable insight in the 

understanding of the fault growth.  
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Figure 14 Simplified illustration of how the throw is calculated by obtaining the values from Petrel. 

Arrows indicating the movement of the footwall and hanging wall sides of the normal fault.  
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In this following chapter, results from the seismic interpretation are presented. There are 

illustrations of interpreted structures such as horizons and faults in 3D, together with 

figures of interpretations and explanations. Throw profiles created for fault analysis are 

also presented and explained. The seismic 3D data is interpreted in a Z-scale of 5.  

 

4.1 Seismic interpretation  

 

In this subchapter the seismic interpretations from the 3D seismic of the Nyk High is 

presented. Different geological structures like faults, horizons, folds, and sills are presented 

with interpreted profiles and 3D-figures. Location maps of the selected profiles are also 

presented here.  

 

4.1.1 Main profiles 

 

Below are three main profiles (A, B and C) selected as key lines as they portray what is 

interpreted as the most important structures and features for the tectonic evolution of the 

Nyk High. These features will be described in the following subchapters. Figure 15 shows 

the locations of the three key lines: in a) an overview photo, and a zoomed-in version in 

b).  

Figure 16 shows interpreted horizons 1-8 and faults F1-F8, together with an uninterpreted 

profile and its location. Figure 17 shows the second key profile, showing many of the same 

structures as in Figure 16, in addition to some additional faults. Profile B also points to a 

good example of onlap. Figure 18 shows the third key profile, showing some additional 

fault interpretations, including some of which are interpreted in the two other main profiles 

as well. The reasons for choosing these specific profiles are firstly that they portray 

important tectonic features, and secondly that they show how the study area changes 

throughout the 3D seismic cube.  

Figure 19 portrays an additional profile. Here, the well 6707/10-1 is placed, and it 

penetrates the flat spot mentioned in chapter 2.2.5. Faults F2 and F3 are in this profile 

interpreted to cut through seismic horizon 6. Furthermore, several additional smaller faults 

are interpreted to cut through horizon 7.  

 

4 Results 
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Figure 15 Map presenting the location of the three main profiles (A, B and C) at regional scale (a) 
and zoomed in (b). Red circle is well 6707/10-1, green arrow indicating north.  
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Figure 16 Seismic profile of key line A, representing some of the main horizons and faults. 

Uninterpreted profile in a) and interpreted profile in b). Significant features are indicated with arrows. 

[ms] 

[ms] 
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Figure 17 Seismic profile of key line B. Uninterpreted profile in a) and interpreted profile in b). 
Significant features are indicated with arrows.  

[ms] 

[ms] 
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Figure 18 Seismic profile illustrating key line C. Uninterpreted profile in a) and interpreted profile in 

b). Numbers are indicating horizons, and F followed by a number are indicating faults.  

[ms] 

[ms] 
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Figure 19 Uninterpreted (a) and interpreted (b) profiles of where well 6707/10-1 is drilled. As seen, 
both F2 and F3 cut through seismic horizon 6. F3 with more confidence than F2. A distinct flat spot 
is marked. For location see the placement of the well in e.g., Figure 15. The well is also presented in 
the illustration from Zastrozhnov et al. (2018) in Figure 8.  

[ms] 

[ms] 
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4.1.2 Sedimentary sequences 

 

The horizons divide the sedimentary succession into seven possible sequences. Horizon 1 

indicates the seabed. Horizon 6 is interpreted as an erosional surface. Horizons 6.1 and 

6.2 are alternative interpretations of horizon 6. Horizons 7 and 8 are dividing a large 

sedimentary sequence into smaller divisions. The horizons are mainly interpreted where 

there is observed an abrupt change in seismic velocity, possibly indicating a change in 

lithology. Ages of the sequences are discussed in the next chapter.  

 

4.1.2.1 Horizons 1-5 

 

Horizon 1, the seabed, is relatively horizontal, except from two areas, one in the north and 

one to the WSW, where it is interpreted at a deeper level, hence the topography is dipping 

to those directions. This is illustrated in the created grid in Figure 20.  

 

Figure 20 Grid of the seabed portraying a relatively horizonal surface with deepening towards the SE 
and a bit towards the N. Colour legend to the upper left. Green arrow indicating north direction.  

 

The grid of horizon 2 shows a relatively horizontal surface, with few changes in depth. The 

grids made of horizons 3-5 show a similar topography, with some changes in depth, and a 

slight steepening towards the NW. The sediments seen in the sequence between horizons 

5 and 6 are strong reflectors that are onlapping the erosional surface, which is seen in 

Figure 17 b). This is especially observed in the eastern part of the 3D cube. Although there 

are signs of onlapping, there are no obvious signs of clinoforms. Some bright reflectors are 

also observed in the NW of that sequence.  
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Neither of these sedimentary sequences appear to have been exposed to extensive rifting. 

There are minor faults and discontinuous reflectors in this sequence throughout the cube, 

but not to a great extent, and not related to faulting periods that are significant for the 

tectonic evolution of the Nyk High.  

 

4.1.2.2 Horizon 6 

 

This horizon is interpreted as an erosional surface. It has three major highs, at least two 

of them assumed to be related to rotated fault blocks. The surface is steepening away from 

the highs, especially in the SW and NW directions, but also to the SSE. The surface is at 

its shallowest in the NE, see Figure 21. Occasionally it was difficult interpreting the horizon 

because the mapped horizon at places separated into two different horizons, and because 

the horizon “stopped” for some profiles and then occurred again at slightly different places.  

 

 

Figure 21 Grid of seismic horizon 6. The surface is steepening towards the SW and the NW. Colour 

legend in the upper left corner. Green arrow indicating north direction.  

 

Seismic horizons 6.1 and 6.2 are alternative interpretations of horizon 6. These horizons 

appear when moving westwards in the seismic cube. The reason for these two additional 

horizons is that the initially followed horizon divides and is therefore difficult to map 
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correctly. However, 6.2 is also interpreted as part of a fault, which is explained later in this 

chapter.  

 

4.1.2.3 Horizons 7 and 8 

 

These two horizons are mainly interpreted to have been cut by faults F1 and F8. They 

appear to be relatively similar in shape, and they dip steeply to the SE. The strata between 

the two horizons portray strong reflectors (Figure 16) compared to the other sequences. 

Horizon 7 is cut by two relatively small faults, creating a local subsidence (Figure 16) in 

between those faults. Horizon 7 is not interpreted with confidence in the hanging wall off 

fault F1, hence the question marks (Figure 16). The horizon varies in depth, from around 

-3.2 s-twtt in the west to around -4.1 s-twtt in the east of the cube. Whether horizon 7 is 

an erosional surface or not will be discussed. The sequence between horizon 6 and 

horizon 7, shows indications of similar lithology both in the footwall and in the hanging wall 

of F1, with some semi-strong reflectors highest up, and more faded reflectors just above 

horizon 7. Horizon 8 is only interpreted at the hanging wall side of F8 and has a depth 

between -4.2 s-twtt to around -5.8 s-twtt.  

 

4.1.3 Faults  

 

Several faults are interpreted throughout the 3D seismic cube. At the shallowest depths, 

between -2.5 and -3.0 s-twtt, only minor faulting is interpreted. Multiple smaller faults are 

observed in this area, but since they are not decisive for the main tectonic evolution of the 

high, they are not studied to detail. Larger faults that are interpreted to have been 

pertinent for the tectonic evolution are all located below horizon 6, with faults F1, F2 and 

F3 possibly cutting through it.  

Faults F2 and F3 and F3 and F4 create two distinct rotational fault blocks, as seen in Figure 

16. Fault F6 and F7 are interpreted to have been created syn-tectonic to the fault block 

created by F3 and F4. A local synform folding is created between fault F1 and F2, and a 

large tilt is interpreted in the hanging wall of fault F8 and footwall of fault F1. The faults 

that are not labelled, are presumed as not crucial for the tectonic evolution, and 

consequently not elaborated further.  

 

4.1.3.1 Faults F1 and F8 

 

Faults F1 and F8 are located close to each other, F1 at shallower depths than F8 and they 

are dipping in opposite directions: to the NW and SE, respectively. F1 appears for the first 

time slightly to the east of the seismic cube, and it is present until just before the profile 

intersects the Vema Dome. It has a relatively similar length and dip throughout its 

presence. F8 is interpreted at a deeper level than F1, and it is present throughout most of 

the cube. These two faults are marking an abrupt change in reflectors and framing 

sedimentary layers in the footwall of F1 and in the hanging wall of F8. Those sequences 

are greatly tilted to the SE, and the tilt is steepest in the east, nearly horizontal in the 
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middle, and is steepening somewhat farther to the west. F1 is interpreted to possibly have 

cut through horizon 6. Wedge-shaped geometries are observed in some profiles in the 

upper hanging wall of F1, which is presented in chapter 4.1.6. A visualization of faults F1 

and F8 are presented in Figure 22.  

 

 

Figure 22 3D presentation of faults F1 (green) and F8 (turquoise). Green arrow indicating north 
direction.  

 

4.1.3.2 Fault block 1 

 

A rotational fault block is interpreted between fault F2 and F3 (Figure 16). The hanging 

wall of both faults are interpreted to have moved down, leading to the distinct rotation, 

with the sediment layers in the block dipping to the SE (see Figure 16). A 3D presentation 

of the faults is presented in Figure 23, Figure 24, and Figure 25. Fault F3 increases in 

length towards the west of the block. Further, the fault is also steepening towards the east. 

Figure 23 gives an overview of the two faults from above, with horizon 6 as surface grid. 

F3 is growing and flattening towards the west. In Figure 24, the two faults are viewed with 

a selected inline profile as a reminder of where the rotational block is located. In that 
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figure, the tilting appears clear. Figure 25 shows both faults in an obliquely angle from 

above. The change of F3 is viewed explicitly. 

 

 

Figure 23 A 3D visualization of F2 (pink) and F3 (red) observed from above and down through horizon 

6. Colour legend of horizon 6 to the upper left. Green arrow indicating north direction.  
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Figure 24 An illustration of faults F2 (pink) and F3 (red), with an inline for location. Green arrow 
indicating north direction.  
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Figure 25 Visualization of F2 (pink) and F3 (red). F2 is increasing in length vertically towards the 
west. Green arrow indicating north direction.  

 

Both fault F2 and F3 are interpreted higher up, possibly reaching horizon 6, as seen in 

Figure 19 b). This interpretation is ambiguous, please see Discussion for assessments 

regarding this.  
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4.1.3.3 Fault block 2 

 

This fault block is located between faults F3 and F4 and is tilted to the SE. The sedimentary 

layers in the fault block appear to have a relatively steep dip, around 45 degrees to the 

SE. The hanging wall of both faults have moved down in order to create the distinct shape. 

The faults are presented in 3D in Figure 26. F4 is also interpreted as a possible erosional 

surface because of its shape, and reflectors onlapping that surface. This will be discussed 

later. 

 

 

Figure 26 A 3D visualization of F3 and F4 (yellow). Green arrow indicating north direction.  

 

4.1.3.4 Faults F9, F10 and F11 

 

Fault F9 first appears slightly to the east of the profile in shown in Figure 17 b), and it 

grows vertically moving west, but fades out before reaching the profile in Figure 16. Fault 

F10 is present towards the west before it fades out just before reaching the end of the 3D 

seismic cube. Fault F11 appear somewhere between the location of profile A (Figure 16) 

and profile C (Figure 18) and it fades out in the area where the profile intersects the Vema 

Dome.  
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4.1.4 Local fold 

 

As observed in Figure 16, there is a very local fold between faults F1 and F2. It first appears 

slightly to the east of the 3D-block and evolves more when approaching the middle of the 

3D-block. It fades away further to the west. Locations of, and four seismic profiles are 

presented in Figure 27 and Figure 28, respectively.   

 

 

Figure 27 Figure showing the location of four selected profiles of the local folding. Green arrow 
indicating north direction.  
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Figure 28 Evolution of the local folding. The profiles correspond to the location labelled with the same 

letter in Figure 27. The fold evolves from a slight synform in a) to a more distinct synform in b) and 
c), and it is only slightly folded in d). The red square outlines the fold.  

 

The fold starts out as a relatively uniform synform in figure a). In b), it appears that the 

fold is bending towards a possible fault in the left part of the red square, creating a small 

antiform. In c), the fold appears as a rather symmetric synform, while it is less steep in 

profile d). The layers in the folding in c) appears to slightly bend in towards the southern 

part. Profile c) is the same profile as in Figure 16, only zoomed in. The reflectors in that 

profile is slightly bending in towards what is interpreted as F1 in Figure 16, somewhat in 

the same way as sediments behave in a brittle-ductile transition. In d), the fold is 

flattening.  

 

4.1.5 Magmatic activity 

 

Clear “textbook” examples of magmatic sills are observed to the NNW in the study area. 

All the main profiles show such sills, interpreted in red (e.g., Figure 16). The sills are visible 

in around 2/3 of the seismic 3D-cube, and they increase in amount, size, and brightness 

towards the NW. 

[ms] [ms] 

[ms] [ms] 
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4.1.6 Features across the 3D seismic cube 

 

Several different features are observed across the study area. The following are some 

important observations. Keep in mind that the figures in this subsection do not necessarily 

portray all the horizons or faults that would be crucial for a detailed interpretation, the 

focus here is to outline distinct changes that are seen across the cube.  

• The sedimentary sequences above horizon 6 (location in Figure 29) are clearly 

disrupted to the west of the cube, as seen in Figure 30. Three profiles are shown, 

and the changing in disturbance is clearly interpreted to be greatest to the west.  

 

 

Figure 29 Figure showing the location of three selected profiles to show the change in the shallow 
sedimentary sequence throughout the cube. Green arrow indicating north direction.  
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Figure 30 Seismic profiles showing how the disturbance of bedding at shallow depths changes 
throughout the cube, portrayed at three different locations (a, b, and c). 

[ms] 

[ms] 
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• A possible wedge-shaped sedimentary structure. This is observed along the upper 

parts of fault F1, at a few places. This structure is interpreted as a syn-rift 

structure and is presented in Figure 31. 

 

 

  

Figure 31 Profiles of a wedge-shaped sedimentary structure, with the location in a), a visualization 
of the wedge without any interpretation in b), and c) showing how the sedimentary layers 
somewhat increase in thickness towards the fault. Green arrow indicating north direction.  

[ms] [ms] 
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4.2 Fault analysis, throw profiles 

 

Diagrams plotting the fault throw against the distance along the chosen fault are created. 

Such diagrams were made for faults F1 and F3. For F1, horizon 6 is used, and for F3, 

horizon 7 is used. Figure 32 shows a 2D image of F1 and F3. The values used for 

calculations of the throw profiles are enclosed in the Appendix.  

 

Figure 32 Map illustration of faults F1 and F3 in a 2D window in Petrel. The throw and the length of 

the faults were measured from A to B with an increment of mostly 50. Green arrow indicating north 

direction.  
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Figure 33 a) showing the throw profile of fault F1 plotting the distance along the fault (x-axis) against 

the throw (y-axis). A and B corresponds to the locations in Figure 32. b) propose a possible division 

of the fault into two fault segments: S1 and S2.   

 

The throw profile for F1 is presented in Figure 33 a). The fault has a peak at around a 

throw of 100 ms, whilst the rest of the measurements show a relatively similar throw, 

except from the interval between 4000 m and 7000 m, and the peak closest to B. Figure 

33 b) portray the same diagram as presented in a), including a dividing of the graph into 

two possible fault segments (named S1 and S2). The throw profile shows that F1 is growing 

most in displacement closest to A, and more in lengthening when approaching B.  
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Figure 34 Diagrams showing the throw profile of fault F3. The distance is plotted along the x-axis 
and throw along the y-axis. b) suggests two fault segments: S1 and S2.  

The created throw profile of fault F3 is presented in Figure 34. As seen in a), the graph is 

peaking at around 2500 meters distance, then the slope decreases before it again starts 

to increase. The graph increases globally (with locally fluctuations) approaching B. In 

Figure 34 b), an attempt of dividing the graph into two segments is presented. The second 

segment being larger and containing larger throws than the first segment. The 

displacement appears more dominant closer to B, while lengthening appears more 

significant closer to A. Approaching B, the increment was immersed to 10. This was in an 

0

100

200

300

400

500

600

700

800

900

0 5000 10000 15000 20000 25000

Th
ro

w
 [

m
s]

Distance along fault [m]

Throw profile of F3

A B

a)

b) 



52 

 

attempt of getting more reliable results than what was obtained with an increment of 50. 

The Appendix shows where the increment was changed to 10.  

 

Evolution of Nyk High 

When comparing the three main profiles presented in this chapter, there are clearly 

changes of structures across the seismic cube. Moving westwards, the sedimentary 

sequences below horizon 6 are dipping steeply towards the SE, and they flatten 

progressively westwards, before they again steepen close to the Vema Dome. The same 

sequences have also clearly been affected by more and larger faulting in the western parts 

of the cube, which is seen by comparing Figure 16, Figure 17 and Figure 18 to each other. 

What can be interpreted as a folding, increase in the same direction. Generally, the western 

parts of the study area show more indications of structural impact such as the increase in 

faulting, folding and the disturbance of shallow sedimentary sequences. The interpreted 

sills are present from somewhat east of the middle of the 3D cube and increases in size 

and amount towards the west.  

The two described rotational fault blocks appear around the middle of the 3D cube, and 

they are present almost up until the intersection of the Vema Dome. Fault block 1 

disappears just before fault block 2.  

All the interpreted faults also change throughout the cube. No fault is interpreted to be 

present throughout the whole area, and they seem to have impacted the study area to a 

different degree. For instance, F3 appears somewhat east of the middle of the cube, 

interpreted relatively steep and short, and it increases in length and shallows in steepness 

towards the west. Fault F8 appears to be present through most of the cube, at least until 

the profile intersects the Vema Dome.  

Horizon 6 is interpreted at its shallowest in the east of the cube, at around -2.10 s-twtt, 

and it gradually deepens towards the west, with its deepest point at around -2.99 s-twtt. 

The shape of the surface appears to be affected by the rotational fault blocks, folding, 

tilting, subsidence, and other faults.  
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In this chapter important and significant findings are discussed and elaborated further. To 

understand the tectonic evolution, some fault interpretations, rotational fault blocks and 

folds are discussed to more detail. Further, two figures are added to make it easier to 

follow the discussion.  

 

5.1 Horizons 

 

The same formations usually vary in depth (and thickness), as illustrated in some of the 

figures in chapter 4, Results. This means that comparing the depth of different horizons in 

this study to horizons’ interpreted depth in other publications can lead to some 

misinterpretations since the locations of the horizons can vary.  

Since no seismic to well-tie is performed during this study, and no well tops are displayed, 

a confident interpretation of different sedimentary surfaces is challenging. However, both 

horizons 6 and 7 are clearly marking two different sequences, possibly erosional surfaces.  

The 3D seismic shows several strong reflectors, some of which are possible erosional 

surfaces. Seismic horizon 6 and 7 are such. Horizon 6 is interpreted continuously 

throughout the whole cube (disregarded the fact that the interpretation is ambiguous at 

certain places). This horizon is also where the highs of the rotated faults blocks are best 

observed, and layers are onlapping this surface in the east of the seismic cube. Both its 

shape and the strong reflector indicate an erosional surface.  

Several authors have interpreted the erosional surface top Cretaceous (or base Tertiary) 

on both a regional and a smaller scale. As presented in Figure 8, Zastrozhnov et al. (2018) 

present a detailed interpretation of the sectioning of the Mid-Norwegian rift. In their 

publication they also present sectioning of structures at a more zoomed-in scale. At Nyk 

High, top Cretaceous is interpreted at around a depth of -3.0 s-twtt, and top Paleocene at 

-2.6 s-twtt. From this study, horizon 6 is interpreted at around roughly -2.6 to -2.8 s-twtt 

depth, corresponding well with interpretations from both Zastrozhnov et al. (2018) and 

Fjellanger et al. (2005). Compared to Omosanya (2020), the top Cretaceous is interpreted 

deeper, at around -3.5 to -4.0 s-twtt. However, the published figures have a larger scale 

than the data used during this study, thus a comparison to interpretations made on larger 

scales are to a certain degree ambiguous, but they are good indicators. The placement of 

top Cretaceous at horizon 6 is therefore probable (Figure 35). Ren et al. (2003) found that 

Paleocene sediments are onlapping the regional top Cretaceous unconformity, which 

corresponds well with the findings of onlapping layers onto horizon 6 in this study (see 

Figure 17 b)), and therefore strengthens the theory of horizon 6 as top Cretaceous.  

 

5 Discussion 
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Horizon 7 is also indicating a change in seismic velocity. However, that horizon was not 

possible to map with confidence throughout the 3D seismic cube. This horizon is where the 

flat spot from Cretaceous time in well 6707/10-1 is interpreted (Factpages), thereby 

confirming the horizon is from Cretaceous time. The horizon is affected by rifting and uplift.  

If the interpreted flat spot occurs in the Nise Formation, which formed between Santonian 

and Campanian age (Factpages), the layer between horizon 7 and the top Cretaceous 

would be of Maastrichtian age, which could indicate that horizon 7 corresponds to the intra 

mid-Campanian horizon (Zastrozhnov et al., 2018). Although the interpretations of top 

Cretaceous and intra mid-Campanian can be supported by other publications, the depth of 

the interpreted horizons varies throughout the seismic cube, thus adding uncertainty to 

the liability of comparing the horizons. 

 

 

Figure 35 Seismic profile of several of the discussed structures. The profile is located in the same 
place as Figure 19 a). A proposal of the placements of top Cretaceous and intra mid-Campanian is 

presented. Faults F1-F4 and F8 are labelled. So is the seabed, horizon 5, subsidence, rotational fault 
blocks and magmatic sills. Arrows indicating the interpreted direction of fault movement.  
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5.2 Faults 

 

Throughout the 3D seismic cube, faults are interpreted to be dipping to either the NW or 

the SE. Since all the faults show indications of normal faulting, it is reasonable to argue 

that the faults were formed during at least two different rift periods. Some of the faults are 

also changing in steepness through the 3D cube.  

Fault blocks 

As illustrated in Figure 35, fault block 1 is constrained by the main faults F2 and F3. The 

rotation is towards the SE and relatively similar throughout its presence in the seismic 

cube. The rotational block is distinct, however, there are some uncertainties related to the 

lengths of F2 and F3. As seen in Figure 35, F2 and F3 are interpreted higher up than in the 

main profiles. F3 appears to have cut through the top Cretaceous erosional surface and 

farther up, close to horizon 5. F2 could also possibly have been interpreted higher up. Such 

indications are visible in several profiles, but in other profiles those observations are 

ambiguous. However, since both faults seemingly cut the top Cretaceous in several 

profiles, it is probable that both faults, thus the rotational fault block, was created during 

a rifting period that must be younger than the top Cretaceous horizon. Further, 

sedimentary layers that are cut abruptly above the initial interpretation of the two faults 

strengthens the alleged theory of extended faults. F2 and F3 are initially interpreted as 

faults because of the observed rotation, which demand faulting, in addition to an abruptly 

cutting of the sedimentary sequences. Derived from that, the abrupt cut off of the 

sedimentary layers above, although somewhat ambiguous, could indicate faulting at 

shallower depths as well.  

The results show that fault block 2 is bounded by fault F3 and F4 and tilted to the SE. F3 

is part of both this fault block, but also fault block 1, indicating that they developed during 

the same rift period. The upper part of F4 is however also interpreted as a horizon (horizon 

6.2). Moving through the cube from east to west, the first occurrence of the structure 

appears more as a horizon than a fault. That is because of its relatively strong reflector, 

no obvious displacement nor abruptly cutting of sediments. Towards the west, the feature 

steepens exceedingly, and sedimentary layers are somewhat onlapping the feature. 

However, to obtain this distinct, sort of domino rotation that is interpreted in this fault 

block, a fault where F4 is interpreted must exist. 

F4 is interpreted to not penetrate the top Cretaceous erosional surface. This also cause 

some uncertainty regarding the time of the faulting. Since the two fault blocks are created 

simultaneously, the main faults that have caused the faulting and rotation must have been 

active during the same time. F2 and F3 clearly cut through the top Cretaceous in some 

profiles. This is not the case for F4, which throughout the cube shows no indications of 

cutting through the top Cretaceous. One possibility is that the fault blocks were created 

during two rift periods. F2, F3 and F4 could have been active during a first rift period, 

before the area was uplifted and eroded, then creating the intra mid-Campanian horizon. 

Further, new sediment deposits occurred and a new uplift and erosion then created the top 

Cretaceous, before a second rift period started. Bailey et al. (2005) and Frankowicz and 

McClay (2010) argued for the influence reactivation can have on the stratigraphy above 

ancient faults. This understanding could support active faults during one rift period, then 

a later reactivation. An explanation to why F4 is not cutting through the top Cretaceous, 

can be that this fault was not reactivated.  
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F3 grows significantly towards the west and the Vema Dome, where it appears as if one 

large fault was created during only one rift period. This interpretation contradicts the theory 

of reactivation. However, the area where F3 is at its largest is where the Nyk High intersects 

the Vema Dome, which was created under compressional regimes (Blystad et al., 1995), 

and that portrays shale diapirs, structures that may disturb the quality of seismic data. In 

addition, disturbed strata in the upper parts of the western area (Figure 30) also support 

the impact the formation of the Vema Doma had on the Nyk High and structures there. 

The exact evolution of the fault blocks therefore still remains difficult to explain.  

Faults F8-F11 are dipping to the SE, and F1-F4 are dipping to the NW. If assuming that 

F1-F4 are reactivated, the faults could have been created during two rift periods. During 

the first period, after the intra mid-Campanian, all the mentioned faults were active. This 

assumed faulting period must have occurred sometime after intra mid-Campanian and 

before the Paleocene. After the top Cretaceous was created and Paleocene sediments were 

deposited, a new period of rifting occurred and reactivated at least F1-F3. The extensional 

period could be related to the Campanian-Paleocene rift period. Færseth (2021) asserts 

that the major fault events occurred in that period (Brekke, 2000, Færseth and Lien, 2002), 

which correspond with the results and interpretations from this study: F2-F4 are crucial for 

the creation of the rotated fault blocks, and if the blocks were created because of 

reactivation, the reactivation occurred during the proposed rift period.  

In the presented key profiles, subsidence is marked on several occasions. Færseth and 

Lien (2002) argued for thermal subsidence in relation with the Cretaceous sedimentation 

in the Norwegian Sea. However, I would argue that the subsidence at the Nyk High is 

mostly related to tectonic subsidence because of their bounding by faults. The key profiles 

presented in chapter 4.1.1 mark subsidence at several places, all of which are related to 

faults. With that being said, it can be challenging to distinguish between thermal and 

tectonic subsidence from seismic profiles, and especially with the Nyk High being exposed 

to several rifting periods and other tectonic regimes, an exact explanation of the 

subsidence is difficult.  

 

Folding 

Apart from some minor folding where the Nyk High intersects the Vema Dome, one of few 

other signs of folding in the research area is the local folding explained and illustrated in 

chapter 4, Results. Folds formed because of a compressional regime in the Vøring Basin 

are discussed by multiple authors e.g., Blystad et al. (1995), Larsen and Skarpnes (1984), 

Omosanya (2020). Moreover, the  folding is also argued to have formed by normal faulting 

with components of strike-slip faulting and flexuring (Gowers and Lunde, 1984). 

Considering that there is only one fold throughout the studied 3D seismic, it is likely that 

the folding has been very local and minimal. It is reasonable to assume that a larger part 

of the area would have been folded if the compression was greater. Further, near horizontal 

reflectors on both flanks of the synform fold (see Figure 35), substantiates that the 

compressional regime did not (not to a great extent at least) lead to this folding.  

Another approach to understand the mechanisms behind the folding is to view how the 

faulting may have affected the folding process. One possibility is an oblique faulting: a 

normal fault with strike-slip components (a transtensional regime), together with syn-

sedimentary strata creating the folds. An interpreted syn-tectonic wedge is found in the 

upper hanging wall of F1 in this study, and together with the large wedge-shaped geometry 
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found in Brekke (2022), syn-tectonic events have affected the Nyk High. Such structures 

are also found in the Vøring Basin by e.g., Færseth (2021). Anyhow, the suggestion of a 

syn-tectonic folding contradicts the interpretation of F1 cutting through the top Cretaceous. 

The subsidence just above the fold is similar in shape to the fold, which could indicate that 

the subsidence and the folding was created together. Since the layers of the fold in the 

hanging wall of F1 is bending towards the fault, it could indicate that the sediments in the 

folding act somewhat ductile, even though the location is too shallow to be near the brittle-

ductile transition zone (Condie, 2005).  

 

5.3 Fault analysis, throw profiles 

 

The observed variation in throw indicates that the accommodation of displacement changes 

along both faults (see Figure 36). To my knowledge, no throw profiles of the Nyk High are 

created by other authors, excluding the opportunity of comparing the results found in this 

study to other studies. However, studies on general normal fault growth can be used.  

According to the throw profiles, F3 shows throws up to above 800 ms, while F1 has throws 

just above 100 ms. Since the vertical displacement is significantly larger in F3, it indicates 

that the stress accumulation was much greater for F3 than for F1. F3 also display a 

significant increase in throw from about where F1 is not present anymore.  

Using the hybrid-model of fault growth presented by Rotevatn et al. (2018), a fault often 

grows according to a combination of the two endmember growth models: the propagating 

fault growth model and the constant-length model. Since lengthening by tip propagation 

is seen in the first state of fault growth and increase in displacement is presented as 

dominant in the later process of the growth, it appears from the diagrams that F1 and F3 

could have grown in the opposite directions of each other. F1 has its largest throw at a 

distance of around 2000 m, which is to the east of the interpreted block, while F3 has its 

largest throw values way to the west, where Nyk High intersects the Vema Dome. Both 

profiles also show a little increase in throw in the opposite directions as well. This could 

indicate that the lengthening stage of both faults occurred at similar places, but that the 

vertical displacement increased in opposite directions. Why this has happened is difficult 

to determine only with the data used for this study, often the direction a fault dips and 

grows is randomly determined. Larger faults often experience larger amount of stress, 

which can impact the formation and growth of faults.  

Although the hybrid-model seemingly explains the fault growth, the model of fault 

propagation and linkage, nicely illustrated and described by Gawthorpe and Leeder (2000), 

can also be used. As presented in chapter 4.2, both profiles can be divided into two possible 

segments based on the peaks. S1 and S2 may have developed as two separate faults with 

maximum vertical displacement in the centre of each segment. Followingly, the segments 

grew and linked because of fault propagation. At least for F1, I would argue that the hybrid-

model from Rotevatn et al. (2018) fits better, because the area where S2 is proposed is 

seemingly more affected by an increase in length and not in displacement. As for F3, the 

graph is more varying, but the displacement is greater where S2 is proposed, and 

lengthening is larger at S1.  

The profiles are created with manual interpretation of the cut offs and measuring of the 

length can have impacted the liability of the throw profiles to some extent, but besides 
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from that, they do represent the growth of the faults. To get more reliable data, it could 

be possible to calculate the throw of several horizons cutting through the same fault. That 

suggestion is, however, very challenging with the dataset available, because of the nearly 

impossible task of interpreting the same horizons in both the hanging wall and the footwall 

of the faults.  

 

 

 

Figure 36 Repetition of the throw profiles for faults F1 and F3, with a suggestion of segment division 
of both faults. Subsidence between the possible segment linkages. For locations, please see Figure 
32.   
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5.4 Tectonic regimes at the Nyk High and surrounding areas 

 

Faults, tilting, uplift, and folding are structures that formed because of different tectonic 

regimes. According to different authors e.g., Blystad et al. (1995), Larsen and Skarpnes 

(1984) and Omosanya (2020), the stress regime in the Vøring complex has changed from 

extensional to compressional over time. Since this study area is part of a rift system, it is 

reasonable to assume that most of the structures and tectonics are created and affected 

because of an extensional regime, an assumption that is supported by much research, 

some of which are referred to in chapter 2, Theory, in addition to findings discussed above. 

Anyhow, structures created in other tectonic settings are also observed.  

Most of the interpreted faults are high-angle normal faults. This finding contradicts the 

claim by Ren et al. (2003), that a characteristic in the NW Vøring Basin is low-angled 

normal faults (created in the Late Cretaceous-Paleocene rifting). It is possible that this 

characteristic is representative for other parts of the NW Vøring Basin, but based on the 

results from this study, the architecture of Nyk is not described by low-angled normal 

faults. The high-angle normal faults correspond to an extensional regime. The subsidence 

observed appears to be related to the normal faulting, relating these features to an 

extensional regime. 

The main tectonic phase regarding the formation of the Nyk High is an extensional regime, 

because the study area is part of the outer domain of the large Mid-Norwegian – NE 

Greenland rift system. High-angle normal faults especially support that tectonic phase, in 

addition to the syn-tectonic wedge that is interpreted. The minor folding that occurs is 

challenging to relate to one specific tectonic regime. Good arguments for a compressional 

regime, an extensional regime and features of some strike-slip environments are 

discussed. As presented earlier, compressional structures are interpreted in the study area 

by several authors (e.g., Gowers and Lunde (1984), Blystad et al. (1995), Omosanya 

(2020)), and the folding interpreted in this study could be compressional. All the 

interpreted tectonic phases approach the outer domain of the rifted margin. This area is 

nearing the breakup phase, an area with complex geology, including different tectonic 

regimes, an increase in magmatic activity and changes in the local stress orientations, 

which possibly could have led to a compressional regime, disregarding that the area is 

affected by regional extension of the rift.  

Several authors and publications refer to Nyk High as “a rotated fault block” (e.g., Blystad 

et al. (1995)), and to my knowledge, they do not discuss whether it consists of one or 

multiple rotational blocks. According to the results from this study, I would argue that Nyk 

High is a structure created by at least two main rotational blocks.  
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In this master’s thesis I have presented important structural and sedimentary features 

interpreted from a 3D seismic cube located at Nyk High in the distal Vøring complex. The 

results from this interpretation are discussed together with comparisons to published 

literature and findings from my specialisation project Brekke (2022). The focus of this 

study and discussion has been on important structural and sedimentary constraints that 

can help to better the understanding of and constraining the Nyk High and the outer ridges 

of the Mid-Norwegian rift system further. Main conclusions retrieved from this thesis are 

listed as follows: 

 

• Based on findings from this study compared to other publications, a proposal 

constraining the top Cretaceous and the intra mid-Campanian is illustrated. 

• Interpretations show that the Nyk High is created by two distinct rotational fault 

blocks, constrained by the normal faults F2 and F3, and by F3 and F4, respectively.  

• Nyk High is located in the distal margin domain, a specific area of the rift that is 

approaching the breakup phase. Complex stress setting and potential 

reorganization may have led to a local compressional regime or a transtensional 

setting that can be advocated as the driving force of the observed folding.  

• Distinct magmatic sills are present in the NNW of the 3D seismic cube, and they are 

increasing in size and quantity towards the NW, supporting that magmatic activity 

increases towards the outer domain, and that the area is approaching the breakup 

phase.   

• Faults’ vertical displacement is significantly larger to the NW of the cube, close to 

the Vema Dome, where Nyk High is approaching breakup.  

6 Conclusion 
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During this research period I see potential for further work in some areas. Suggestions are 

listed below: 

 

• If possible, create more throw profiles to investigate other faults as well as 

improving the throw-profiles created in this study (ideally under Petrel, in 

conjugation with well-tie information). This is crucial in the further constraining of 

especially timing of events, and a greater understanding of the faults is also 

important for the petroleum industry.  

• Perform well-to-seismic-tie with well 6707/10-1 and import well tops to constrain 

the sedimentary horizons correctly. This will simplify the process of deciding which 

horizons to focus on when mapping.  

• Another suggestion is to create thickness maps in Petrel to further investigate the 

thickness between two chosen horizons. This approach requires consistently 

mapped horizons throughout the 3D seismic cube for a most correct outcome. Such 

maps can be used to evaluate how different interpreted sedimentary sequences 

change throughout the area, and where the accumulation of sediments is largest.  

• To further investigate the amount of extension in the study area, strain analysis 

can be performed to understand how strain accommodation is distributed in the 

study area.  
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Appendix  
 

 

Values used for creating throw profile for F1. The values in columns 1, 2 and 4 are obtained from 

Petrel. Values in yellow(y-axis) and green (x-axis) are used for creating the throw profile.  

 



 

  

 

Values used for creating throw profile for F3. The values in columns 1, 2 and 4 are obtained from 

Petrel. Values in yellow (y-axis) and green (x-axis) are used for creating the throw profile. Blue 

coloured row indicates where the increment is changed from 50 to 10.  

 

 

 

 

 

 

 

 




