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Abstract 

The Nordkapp Basin is an elongated salt-filled basin that developed during the Late Paleozoic 

rifting in the southwestern Barents Sea. The study area is divided into the central sub-basin 

and the NE sub-basin. The NE sub-basin is positioned in the former disputed area between 

Norway and Russia. Salt diapirism and the formation of pillows attached to the basin margin 

make the Nordkapp Basin one crucial example of salt tectonics in the southwestern Barents 

Sea. The objective of this thesis is to study the salt distribution and evolution of the salt 

structures in the northern part of the Nordkapp Basin. The main dataset is 2D seismic 

reflection lines that are used in combination with filtered gravity data, selected time-slices 

from a pseudo-3D cube and well data.  

 

The rift basin architecture in the Nordkapp Basin is characterized by a wide fault zone of 

short densely-spaced fault segments. The lateral continuity of the fault segments increases 

upwards from the Late Paleozoic level. The central sub-basin architecture has a relatively 

symmetric style and is bounded by the southern margin striking W-E and the northern margin 

that is changing strike eastward from NE-SW to W-E. Farther east the NE sub-basin is 

striking NE-SW and is narrower compared to the central sub-basin. The bordering fault 

complexes are dipping towards the basin center at the Late Paleozoic level in contrast to the 

southwestern sub-basin of the Nordkapp Basin. The present salt distribution is characterized 

by a gradual change from numerous sub-circular and elongated salt structures in the central 

sub-basin to a distinct NE-SW striking salt wall in the northeastern part of the NE sub-basin 

and at the northern end of the Nordkapp Basin the margins connects at the crest of a major 

salt dome. 

 

In the Early Triassic the sedimentation rates increased significantly in the Nordkapp Basin 

area and salt diapirs rose in the basin while the margins were a site for salt pillow formation. 

During the Triassic the salt diapirs developed small overhangs before the salt movement 

ceased towards the end of Triassic. Differential loading initiated by the prograding Triassic 

depositional system is suggested as the primary triggering mechanism in combination with 

possible extension. The salt structures remained inactive throughout the Jurassic and Early 

Cretaceous, allowing the Lower Cretaceous sediments to prograde across the basin. However, 

later salt-reactivation is distinct by intrusion of upward narrowing salt diapirs in the Jurassic 

and Lower Cretaceous succession that is subcropping a thin cover of Quaternary sediments. 

 

A total volume of 31 707 km
3
 salt is estimated to have accumulated in the central and NE sub-

basins during the mid-Carboniferous to early Permian. The volume is corresponding to an 

average thickness of 2.12 km covering the basin areas. However, the initial salt distribution 

was non-uniform and controlled by the underlying rift architecture.  
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1 Introduction 

The Nordkapp Basin is a salt-related basin situated in the western Barents Sea. The Barents 

Sea is an epicontiental sea located approximately 70 to 80° north at the northern side of 

Norway (Figure 1.1). The continental shelf extends from the Norwegian coast and Kola 

Peninsula in the south, to Svalbard and Franz Josef Land in the north. The Russian island 

Novaya Zemlya is the eastern border while the Barents Sea extends to the Norwegian-

Greenland Sea shelf edge in the west. The Barents Sea covers approximately 1.3 million km
2
 

and thereby is one of the greatest areas of continental shelf (Doré, 1995). 

 

The hydrocarbon exploration in the Barents Sea started in the 1970s and drilling were 

authorized in the 1980s (Smelror et al., 2009).  Great discoveries, e.g. Goliath, Johan 

Castberg, Gotha and Alta field, have proven the Barents Sea to be a major hydrocarbon 

province (Smelror et al., 2009). The presence of salt has a large influence on several of the 

sedimentary basins and is accordingly crucial in petroleum exploration. The salt influences 

sedimentation (e.g. formation of stratigraphic trap and reservoir), tectonics (e.g. formation of 

structural traps) and thermal evolution (e.g. hydrocarbon maturation) (Alsop et al., 2012). The 

prospectivity in salt-filled basins like the Nordkapp Basin is generally controlled by the 

timing of the salt movements and its impact on source, reservoir, trap and seal. Further 

research is required to resolve the complex geology in the Barents Sea and an increased 

knowledge of the geological history of the area is necessary to be able to carry on the 

hydrocarbon exploration successfully. 

 

The objective for this thesis is to study the evolution of the Nordkapp Basin with emphasis on 

salt tectonics. The study area is the northern part of the Nordkapp Basin including the eastern 

part that formerly was a disputed area between Norway and Russia. This study presents a 

complete salt distribution map of the northern part of the Nordkapp Basin. Volume 

calculations are done to estimate the initial salt thickness in the study area and the initial 

distribution and the relationship to the underlying rift architecture are evaluated. Timing of 

the salt movements is one of the main objectives including the key questions; when did the 

salt start to move and what was/were the triggering mechanism(s)? Did the salt move vertical, 

lateral or both? When did the salt movement stop and why?  
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The main data set in this thesis is 2D seismic reflection lines that are tied to the stratigraphy 

(chronostratigraphy and lithostratigrahpy) established from wells. The seismic interpretation 

is performed using Schlumberger’s Petrel software as well as paper-based interpretation.  

 

 

Figure 1.1: The Barents Sea is located north of the Norwegian coastline. The figure is from Faleide et al. (2008). 
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1.1 Salt 

Salt rocks form mainly from halite, the most common salt mineral, which has a density of 

approximately 2.17 g/cm
3
. The almost incompressible property of salt makes the compaction 

trend different compared to other rocks (Jenyon, 1986). The density is almost invariant with 

depth. At a certain depth, the density of the overburden exceeds the average density of salt 

and the salt become buoyant and gravitational unstable (Jenyon, 1986). Salt is viscous and 

non-permeable and during deformation, salt has a low plastic strength flows and like a viscous 

fluid (Alsop et al., 2012). The ability for salt to flow in the subsurface is resulting in complex 

and impressive geology. Salt structures may be an efficient seal that can form both top and 

side seals (Alsop et al., 2012). Furthermore, the high thermal conductivity of salt influences 

the heat flow in a salt-filled basin. In addition to the role of salt in the evolution of petroleum 

systems, it also impact the sedimentation and trap formation  (Alsop et al., 2012).   

 

1.1.1 Salt deposition 

Salt rocks are chemical precipitated evaporites that are formed from brines in areas dominated 

by a higher evaporation than atmospheric precipitation (James and Dalrymple, 2010). 

Common evaporite minerals are anhydrite (CaSO4), calcite (CaCO3), dolomite 

(CaCO3.MgCO3), gypsum (CaSO4.2H20), halite (NaCl) and sylvite (KCl). When carbonates 

are associated with soluble minerals (salts), the carbonates are considered as an early stage of 

evaporation before gypsum, halite and potassic salts precipitates (James and Dalrymple, 

2010). The minerals reflect the conditions of the depositional environment including type of 

water, temperature, salinity and basin architecture (James and Dalrymple, 2010). Deposition 

of salt in these restricted facies with cycles of evaporation, leads to salt occurring together 

with other evaporites and interbedded with siliciclastic sediments (James and Dalrymple, 

2010). It is therefore rare to find pure salt deposits. The composition of the salt influences the 

mobility of the salt. 

 

1.1.2 Classification of salt structures 

The movement of salt develops different types of salt structures with great variation in size, 

shape and frequency. Due to the huge diversity of salt structures, the terming is also 

extensive. Trusheim (1960) classified salt structures using geometric characteristics. He 

proposed that salt impiercements grow from low-amplitude ridges (salt rollers and anticlines) 
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to salt pillows, salt diapirs eventually to develop salt walls and sheets. The formation of 

different types of salt structures is closely related to the original thickness of the source layer 

(Trusheim, 1960) (Figure 1.2A).  A greater number of structures are illustrated by Fossen 

(2010) were both linear (e.g. salt canopy, salt wall, salt anticline, salt roller) and circular (e.g. 

salt pillow, salt sheet, salt stock) structures are classified (Figure 1.2B).  

 

The term salt pillow is used for salt structures with a characteristics pillow-shape which could 

be either symmetric or asymmetric. One of the most common salt structure terms is a salt 

diapir. The term is used for any salt structure, linear or circular in map view, which forms by 

piercing into the overburden (Schultz-Ela et al., 1993). In this thesis the term salt diapir is 

used accordingly.  

 

 

Figure 1.2: Classification of salt structures. A: Salt structure classification modified from Trusheim (1960). The salt 

structures are shown in relation to original thickness of the Permian salt complex in Northwestern Germany. B: 

Classification of additional salt structures. Maturation of the salt structures increase from the center of the figure 

with linear structures to the left and circular structures to the right. The figure is modified from Fossen (2010).  
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1.1.3 Seismic imaging 

A salt body has a constant velocity and density with depth. The seismic p-wave velocity in 

halite is 4500 m/s, while in anhydrite the p-wave velocity is 6000 m/s (Jenyon, 1986). 

Considering the absence of internal acoustic impedance contrasts, it is not expected to be 

seismic reflections within the salt layer, except for beds of other types of rock in the salt 

interval (Jenyon, 1986). However, coherent and incoherent noise within the salt body will be 

visible in the seismic data. Salt structures often have complex shapes and steeply dipping 

flanks which makes the seismic imaging of salt bodies challenging. The salt roof or base may 

have a large acoustic impedance contrast at the border of other evaporites or clastic sediments, 

resulting in strong seismic reflections (Jenyon, 1986). Additionally, the high acoustic 

impedance and velocity contrast between the salt body and sediments reduce the quality of the 

seismic (Jones and Davison, 2014). The seismic acquisition and the processing techniques 

have improved, but uncertainties related to the lateral extent, shape and base of the salt should 

be considered, especially in older seismic lines. 

 

1.1.4 Mechanics of salt flow 

The primary triggering mechanism behind salt domes is commonly differential loading 

(Jenyon, 1986). This could happen by gravitational loading where the salt body is uneven 

loaded by deposition (e.g. a prograding delta), erosion or density differences (Jenyon, 1986). 

The regional dip, progradation rate, sedimentation rate, primary salt thickness and overburden 

are important factors controlling the salt movement (Jenyon, 1986). Instability could also 

happen as a result of inhomogeneity in the salt layer, basement or overburden (Trusheim, 

1960). The study of the Permian salt complex in North-Western Germany shows that the 

original thickness of the mother salt, in combination with the weight of overburden, has a 

large influence on the size and shape of the salt structures (Trusheim, 1960). Differential 

loading could also happen by displacement loading during regional extension or contraction 

when one boundary of a rock body is displaced relative to another (Hudec and Jackson, 2007). 

The third type of differential loading is thermal loading due to convection within the salt 

body. Thermal loading has however not been proven (Hudec and Jackson, 2007).  

 

To be able to flow upwards the salt need to pierce through the overburden. In this way, the 

strength of the overburden restricts the flow of the salt. Fracturing and faulting will weaken 

the mechanical strength of the overburden and benefit upwards movement of salt (Vendeville 
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and Jackson, 1992).  Friction along the boundaries of the salt also restricts the movement and 

the friction forces will play a significant role if the salt is thin (Hudec and Jackson, 2007). 

 

1.1.5 Diapirism formation processes 

Early studies considered salt diapirism as a process driven by buoyancy (Trusheim, 1960). 

The rise of salt diapirs was explained by Rayleigh-Taylor instabilities, based on the lower 

density of salt compared to many compacted sedimentary rocks. The simple model assumes 

that the overburden is viscous. However, non-evaporitic sedimentary rocks are generally 

brittle and later studies dispute the early model (Vendeville, 2002). More recent studies have 

shown that extension (Vendeville and Jackson, 1992; Jackson and Vendeville, 1994) and 

compression (Hudec and Jackson, 2007) trigger salt diapirism. 

 

Active diapirism and passive diapirism 

A traditional model by Trusheim (1960) suggested a three stage development for diapir 

growth (Figure 1.3). During the pillow stage salt migrates actively towards the center, 

resulting in a plano-convex and usually symmetric structure. The mass displacement causes 

the outer edge to subside and levelling sedimentation at the surface compensate for the 

subsidence. In the primary rim synclines syn-pillow sediment accumulates, resulting in 

decreasing thickness towards the salt pillow (Figure 1.3).  

 

If the potential energy stored in the salt pillow is sufficient to penetrate through the 

overburden, a salt diapir may grow. The rise of the diapir is termed the diapir stage (Figure 

1.3). In the diapir stage, the sediments will accumulate in secondary rim synclines that 

develop due to salt withdrawal (Trusheim, 1960) (Figure 1.3) and the salt diapir will rise 

passively by downbuilding. The sediments deposited in the rim synclines load the underlying 

salt layer and may cause lateral flow of salt towards the salt diapir (Barton, 1933). The salt 

diapir stays near the surface during passive diapirism while the sediments are deposited 

around the salt diapir. This requires that the supply of salt is sufficient. The salt diapir may 

remain at or near the surface depending on sedimentation rate. If the sedimentation rate 

exceeds diapir rate, the diapir is buried. In the post-diapir stage maximum sedimentation 

occurs in small topographic lows, tertiary synclines, on each side of the diapir mound 

(Trusheim, 1960) (Figure 1.3). 
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Figure 1.3: Salt diapir growth by Trusheim (1960). I: Primary rim synclines. II: Secondary rim synclines. III: 

Tertiary rim synclines. The figure is modified from Vendeville (2002).  

 

Diapirism during extension 

Salt diapirs may rise during regional extension, where the first stage is termed reactive 

diapirism (Figure 1.4A). During regional extension graben and half-graben may develop 

above the salt layer. Normal faulting both thin the overburden and develop differential 

loading (Jackson and Vendeville, 1994). The salt flows when the fault blocks and the fluid 

pressure in the salt layer is in equilibrium (Vendeville and Jackson, 1992). Faulting of the 

basement is only an indirect influence on the diapirism by developing space for overburden 

extension. It is the overburden extension that directly causes the diapirism (Jackson and 

Vendeville, 1994). If the overburden is thinned below a critical thickness, a salt diapir can 

pierce the overburden and rise actively. In the active stage the salt diapir is a separate 

intrusion (Jackson and Vendeville, 1994) (Figure 1.4A). Once the salt diapir is close to the 

surface, the diapir continues to grow passively by sediment loading (Figure 1.4A). 

 

Contractional diapirism 

The most common scenario for contractional diapirism is the assumption of a pre-existing 

diapir (Hudec and Jackson, 2007). Salt diapirs may continue to grow in a compressional 

setting by a combination of crestal normal faulting and erosion and active diapirism (Figure 

1.4B). Buoyancy may contribute to the flow of salt, but the main driving force is the tectonic 
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regime resulting in pressurization of the salt (Hudec and Jackson, 2007). The salt diapir may 

reach the surface and form a salt glacier (Figure 1.4B).  

 

 

Figure 1.4: A: Illustration of the growth of a salt diapir during thin-skinned extension. The figure is showing the 

initial (0), reactive (1), active (2) and passive stage (3). The figure is from Vendeville and Jackson (1992). B: A pre-

existing salt diapir grow during shortening. (a) The roof is faulted and thinned. (b) The diapir rise actively due to a 

combination of roof thinning and pressurization of the salt. As the salt diapir pierce through the overburden, the roof 

rotates on both side of the diapir. (c) The salt diapir extrudes at the surface and forms a salt glacier. Figure is from 

Hudec and Jackson (2007). 

 

1.1.6 Diapir and stratal geometries 

The shape of passive salt diapirs is controlled by six parameters (Koyi, 1998); rates of salt 

supply (S’), dissolution (D’), sediment accumulation (A’), erosion (Er’), extension (E’) and 

shortening (Sh’). The rim synclines are directly linked to the growth of a diapir and are 

thereby controlled by the same six parameters (Zirngast, 1996; Brandes et al., 2012). Three 

salt diapir endmembers are described by Vendeville and Jackson (1991); being upward-

narrowing, columnar and upward-widening diapirs.  

 



Introduction 

9 

 

If the rates of erosion (Er’), dissolution (D’), extension (E’) and shortening (Sh’) are assumed 

to be zero or insignificant, the endmembers represent the following relationships between the 

rates of sediment accumulation and salt supply (Koyi, 1998). The upward-narrowing diapir 

would represent a time when the sediment accumulation rate is higher than the rate of salt 

supply (A’>S’). During reduction of the diapir, the sediments in the associated rim syncline 

are expected to onlap and overlap the diapir and developing low-angle angular unconformities 

(Giles and Lawton, 2002) (Figure 1.5). Columnar diapirs develop when sediment 

accumulation rate is equal to the rate of salt supply (A’=S’) (Koyi, 1998) and the rim 

synclines is characterized by sediment aggradation and vertical beds (Giles and Lawton, 

2002) (Figure 1.5). Upward-widening salt diapir forms when the salt supply rate exceed the 

rate of sediment accumulation (A’<S’) (Koyi, 1998). During expansion of the diapir the rim 

syncline is expected to have repetitive overturned beds (Figure 1.5) (Giles and Lawton, 2002).  

 

When the extension rates are significant, the relationships would be the following; upward-

narrowing salt diapirs: S’< A’*E, upward-widening salt diapirs: S>A*E’ and columnar salt 

diapirs: S’=A’*E’ (Koyi, 1998). Episodes of erosion influence the geometry of the salt diapir. 

Syn-diapiric erosion would reduce the sedimentation rate and hence influence the shape of the 

diapir (Koyi, 1998). Erosion at post-diapir stage could also influence the salt diapir by 

thinning/removing the overburden and expose the salt diapir which could result in dissolution 

of the salt.  

 

 

Figure 1.5: Predicted stratal and diapir geometries as a function of rate of diapir growth (Rnet) and rate of sediment 

accumulation (Ased). Rnet: f[Rsalt – Rdiss – Rsub]. The figure is from Giles and Lawton (2002) 
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2 Geological framework 

The Barents Sea was part of a regional epicontinental sea prior to the opening of the 

Norwegian-Greenland Sea. The prior epicontinental sea was bounded by the continental 

masses; Fennoscandia, Svalbard and Greenland (Faleide et al., 2008). Hence, the Norwegian 

Sea, North Sea and the western Barents Sea share a common geological history which can be 

identified in the geological record. Yet, differences are present, especially in the Cretaceous 

and Cenozoic successions (Faleide et al., 2015).  

 

The present Barents Sea is filled with sedimentary strata from Upper Palaeozoic to 

Quaternary. A mix of evaporites and carbonates were primarily deposited in the Upper 

Palaeozoic while the Mesozoic and Cenozoic succession consists of clastic rocks.  

 

2.1 Regional setting 

The continental shelf, where the Barents Sea is situated, was formed by two collision events 

and later continental breakup. The first collision event was the Caledonian Oregony that 

happened approximately 400 million years ago (Doré, 1995). During the Caledonian Orogeny 

the Iapetus Ocean closed while the present eastern margin of the Barents Sea developed 

approximately 240 million years ago by a collision between the Laurasian continent and 

Western Siberia. The ending phase in the establishment of the super-continent Pangea was the 

Uralian orogeny in Permian-Triassic times (Doré, 1995). In late Palaeozoic and Mesozoic the 

basins, highs and platform areas developed as a result of continental break up. The Norwegian 

continental margin was formed in Early Cenozoic in response to the opening of the 

Norwegian-Greenland Sea (Faleide et al., 2008). 
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2.1.1 Main geological provinces 

The Barents Sea covers two major geological provinces corresponding to the western and the 

eastern region (Figure 2.1) (Worsley, 2008). The transition between the two provinces 

generally corresponds to the offshore boundary between Norway and Russia. The eastern 

province is closely related to the Uralides, Timan-Pechora and Novaya Zemlya and includes 

two extensive basins in both lateral extent and thickness (Doré, 1995). The two basins 

correspond to the North Barents Basin and the South Barents Basin (Figure 2.1). The western 

province has a more complex tectonic development, which is reflected by the general outline 

of the province including interaction of the basins, highs and platforms areas (Figure 2.1) 

(Faleide et al., 1984; Gudlaugsson et al., 1998; Worsley, 2008).  

 

 

 

Figure 2.1: Major structure elements in the Barents Sea. Blue: Basins. Yellow: Highs. Green: Platforms. Red dashed 

lines correspond to Norway’s and Russia’s preferred maritime borders. The agreed border is situated at the eastern 

side of the Nordkapp Basin. The figure is from Worsley (2008). 
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2.1.2 Structural elements in the southwestern Barents Sea 

The western Barents Sea consists of basins, platforms and structural highs separated by fault 

complexes (Figure 2.2). The structural elements reflect the complexity and structural 

evolution of the area. The structural elements in the southwestern Barents Sea developed in 

three tectonic phases: Late Devonian?-Carboniferous, Middle Jurassic-Early Cretaceous and 

Early Cenozoic (Faleide et al., 1984) (Figure 2.2).  

 

The western Barents Sea is further divided into three geological regions by Faleide et al. 

(1993a); Faleide et al. (1993b): the Svalbard Platform, the province between the Svalbard 

Platform and Norwegian coast and the western Barents Sea-Svalbard continental margin (see 

Figure 2.2). The western Barents Sea is bounded by passive margins to the north and west. 

The western Barents Sea-Svalbard margin developed along the shear segments the Senja 

Fracture Zone and the Hornsund Fault Zone and a central rift segment southwest of Bjørnøya, 

as a response to the opening of the Norwegian-Greenland Sea and the Eurasia Basin (Faleide 

et al., 2008).   

 

The structural elements have an overall N-S orientation at the western continental margin (e.g. 

Sørvestsnaget Basin, Tromsø Basin) and NE-SW orientation in the main rift zone (e.g. 

Hammerfest Basin, Ottar Basin, Nordkapp Basin) (Gabrielsen et al., 1990; Gudlaugsson et al., 

1998; Faleide et al., 2015). The orientation of the structural elements is resulting in a fan-

shaped array of rift basins and highs (Gudlaugsson et al., 1998) (Figure 2.2). The eastern 

region of the western Barents Sea has been stable since Late Palaeozoic time. The study area, 

Nordkapp Basin, is located in the eastern region of the southern Barents Sea (Figure 2.2).  The 

northern margin of the Nordkapp Basin is located at the northeastern continuation of the 

Troms-Finnmark Fault Complex which is the major structural division between the Finnmark 

Platform to the south and Harstad Bain, Tromsø Basin and Hammerfest Basin to the north 

(Gabrielsen et al., 1990) (Figure 2.2).   
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Figure 2.2: Map of structural elements in western Barents Sea from Faleide et al. (2015). The map is showing the age 

of the structural elements in yellow (Late Cretaceous – Palaeocene), blue (Late Jurassic – Early Cretaceous) and 

brown (Late Paleozoic). The area marked in red is the study area. BB: Bjørnøya Basin, FSB: Fingerdjupet Sub-basin, 

GH: Gardarbanken High, HB: Harstad Basin, HfB: Hammerfest Basin, HFZ: Hornsund Fault Zone, KFC: Knølegga 

Fault Complex, KR: Knipovich Ridge, LH: Loppa High, MB: Maud Basin, MH: Mercurius High, MR: Mohns Ridge, 

NB: Nordkapp Basin, NH: Nordsel High, OB: Ottar Basin, PSP: Polheim Sub-platform, SB: Sørvestsnaget Basin, 

SFZ: Senja Fracture Zone, SH: Stappen High, SR: Senja Ridge, TB: Tromsø Basin, TFP: Troms-Finnmark Platform, 

VH: Veslemøy High, VVP:  Vestbakken Volcanic Province 
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2.1.3 Stratigraphic and structural evolution of the SW Barents Sea 

As previously mentioned, the sedimentary basins in the Barents Sea developed as a response 

to several post-Caledonian rift phases. The three main rift phases are termed Late Devonian?-

Carboniferous, Middle Jurassic-Early Cretaceous and Early Cenozoic where Middle Jurassic-

Early Cretaceous formed the deepest basins in SW Barents Sea (Faleide et al., 2015). A brief 

description of the stratigraphic and structural evolution of the SW Barents Sea is given in the 

following. 

 

Figure 2.3: Lithostratigraphy in the western Barents Sea with formation and group names. The figure is from 

Glørstad-Clark et al. (2010). 
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Paleozoic 

Direct information on the crystalline crust is lacking, but indirect information indicates that 

the basement in the western Barents Sea was probably metamorphosed during the Caledonian 

Orogeny (ending in early Devonian) resulting in NE-SW trending grains. Prior to the 

Caledonian deformation N-S to NNW-SSE and WNW-ESE to NW-SE structural trends 

dominated from Archaean to late Permian (Gabrielsen et al., 1990). The orientation of the 

structural grain may have influenced later structural development (Faleide et al., 2015). 

Devonian sediments is only located on Svalbard (Faleide et al., 2015) but it is likely that 

Devonian sedimentation appeared in the previous fault-bounded basins that developed during 

extensional and compressional events in a Devonian tectonic regime (Gabrielsen et al., 1990; 

Gudlaugsson et al., 1998). 

 

The northeast Atlantic rift continued towards the Barents Sea during mid Carboniferous, 

developing a wide rift zone in south and strike-slip faults in the north (Faleide et al., 2015) 

(Figure 2.3). The rifting resulted in segmented half-graben basins separated by faulted highs. 

The structural development in the central and eastern parts followed the Caledonian trend, 

resulting in a NE-SW orientation (Gabrielsen et al., 1990; Breivik et al., 1995; Gudlaugsson et 

al., 1998). In western part along the Barents Sea margin, N-S faulting trends dominate. Major 

rift-basins including the Tromsø, Bjørnøya, Nordkapp, Fingerdjupet, Maud and Ottar basins, 

have been interpreted to form during the Late Devonian?-Carboniferous rift phase (Breivik et 

al., 1995; Gudlaugsson et al., 1998; Faleide et al., 2015). 

 

The Carboniferous sediments were deposited in wide depressions and narrow grabens 

(Gudlaugsson et al., 1998; Faleide et al., 2015). On Svalbard, the Carboniferous sediments 

discordantly overlay Devonian rocks (Gudlaugsson et al., 1998). The early Carboniferous 

stratigraphic group, Billefjorden, consists of continental and shallow marine siliciclastic 

deposits with coal beds (Larssen et al., 2002) (Figure 2.3). The Ebbadalen Formation, the 

upper most formation, is characterized as a mixture of siliciclastic and carbonate shelf 

sediments on the Loppa High while on the Finnmark Platform continental sandstones 

dominate the Ebbadalen Formation (Gudlaugsson et al., 1998). Sediment infill during the late 

Carboniferous to Permian levelled out the structural relief (Faleide et al., 2015). Cyclic 

platform sedimentation of evaporites and dolomites in an arid climate resulted in evaporite 

deposition in the basins (Larssen et al., 2002; Smelror et al., 2009) Massive carbonate 

sedimentation occurred with build-ups at basin margins at the following regional carbonate 
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platform in Moscovian age. These sediments belong to the Gipsdalen Group (Figure 2.3) 

(Gabrielsen et al., 1992; Gudlaugsson et al., 1998; Larssen et al., 2002). 

 

Uplift of the Uralian Mountains in the southeast and landmasses to the south resulted in 

clastic sedimentation in the western Barents Sea in Late Permian and a regional lithology 

change (Figure 2.3) (Rønnevik et al., 1982; Faleide et al., 1984; Larssen et al., 2002). A 

subsiding regional sag basin developed in SW Barents Sea, where cherty limestone and shales 

belonging to Tempelfjorden Group were deposited in the Late Permian (Figure 2.3). At the 

western margin NE-SW faulting renewed in Permian to Early Triassic, causing uplift and an 

erosional surface from Loppa High in south to Stappen High in north (Gabrielsen et al., 1990; 

Faleide et al., 2015). The major faults were established by the end of Paleozoic and apart from 

epeirogenic movements, Svalbard Platform and eastern part of Barents Sea have been stable 

since (Gabrielsen et al., 1990; Faleide et al., 2015).  

 

Mesozoic 

At the beginning of Mesozoic the Barents Sea was a huge under-filled epicontinental seaway 

(Glørstad-Clark et al., 2010; Glørstad-Clark et al., 2011). During the Triassic, great amounts 

of clastic sediments were sourced mainly from the Uralian Mountains in southeast and 

landmasses to the south (Glørstad-Clark et al., 2010; Glørstad-Clark et al., 2011). Stacked 

clastic wedges prograding to the north and west, developed a complex distribution of shales 

and sandstone (Figure 2.3) (Glørstad-Clark et al., 2011; Faleide et al., 2015).  Triassic was a 

tectonic quite period and the structural elements formed in Late Paleozoic controlled the 

depocenters of sediment infill (Glørstad-Clark et al., 2010). Depositional patterns in the 

Nordkapp and Maud basins were influenced by salt tectonics that were triggered by 

differential loading (Gabrielsen et al., 1990). During the Triassic, the wide and deep Barents 

Sea basin was narrowing and shallowing (Glørstad-Clark et al., 2011). In Middle Triassic 

large deltaic system prograded to the north and west, but in the central and northern areas 

marine sedimentation continued until Upper Triassic. The Triassic period ended with 

regression to the southern and eastern borders and erosion (Faleide et al., 2015). 

 

In Lower to Middle Jurassic, sandstones were deposited and these sandstones are the main 

reservoirs in the Barents Sea. The reservoir rocks were later partially eroded when onset of 

block faulting started again in SW Barents Sea in Middle Jurassic (Figure 2.3). The Jurassic 
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succession is however thin, making the conformities challenging to detect on seismic data 

(Faleide et al., 2015). 

 

Extensional faulting increased during Jurassic to Early Cretaceous, developing major rift 

basins and highs including Bjørnøya, Tromsø and Harstad basins that were separated from 

more stable platform areas farther east (Faleide et al., 1993b). The formation of the Late 

Mesozoic basins were controlled by former structural elements (Faleide et al., 1993b). The 

Middle Jurassic-Early Cretaceous extension was associated with strike-slip movements along 

pre-existing structural lineaments (Faleide et al., 1993b). Extreme rates of subsidence and 

indications of inversion point out the complexity of the structural development during this 

time (Gabrielsen et al., 1990). Toward the Late Cretaceous, contraction became more 

common resulting in reverse faulting and folding in addition to regional extension (Gabrielsen 

et al., 1990). 

 

The main SW basin infill in the deep basins in SW Barents Sea was deposited during Lower 

Cretaceous. Distal sedimentation with periods of restricted bottom circulation deposited 

mainly shales and claystone with thin interbedded silt, limestone and dolomite. Regional 

uplift in the northern Barents Sea, a response to the widespread magmatism in the north, gave 

rise to southward sediment transport. Upper Cretaceous is characterized by minor 

sedimentation except in the continuing subsiding pull-apart basin in SW Barents Sea. The 

strata thickness vary from only condensed sections in east to 2000-3000 meter deposits in rim 

synclines in Tromsø Basin (Faleide et al., 2015). 

 

Cenozoic 

The Norwegian Margin formed in Early Cenozoic by continental breakup and opening of 

Norwegian Greenland Sea (Faleide et al., 2008). The strike-slip movements within the 

regional De Geer Zone megashear system connected the Norwegian-Greenland Sea to the 

Arctic Eurasia Basin and the Western Barents Sea-Svalbard margin developed along this 

zone.  The tectonic development and the crustal structure are controlled by three main 

parameters: the structure prior to breakup, the initial plate boundary geometry and relative 

plate motion (Faleide et al., 1993b; Faleide et al., 2008) 
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Before breakup, the Barents Sea was part of a regional epicontiental sea covering the areas 

between Fennoscandia, Svalbard and Greenland (Faleide et al., 2008). The pre-breakup 

tectonics had already weakened the crust significantly and in Eocene, the western Barents 

Sea-Svalbard margin developed as continent-to-continent shear that was followed by an 

ocean-to-continent shear margin. Since Oligocene, the margin has been passive (Faleide et al., 

2015). 

 

South-west of Bjørnøya, The Vestbakken Volcanic Province developed in a pull-apart basin 

setting as the dextral movements migrated east, resulting in mainly extensional structures and 

magmatism. The pull-apart basin experienced several tectonic and volcanic events (Faleide et 

al., 2008). The rift margin linked the two main shear segments spanning along SW Barents 

Sea (the Senja Fracture Zone) and Bjørnøya-Spitsbergen (the Hornsund Fault Zone). A clear 

ocean-continent boundary developed along the Senja Fracture Zone (Faleide et al., 2008). 

 

The deep marine conditions in the Barents Sea continued in Eocene (Faleide et al., 2008; 

Faleide et al., 2015). Large amounts of sandy sediments were deposited in submarine fans and 

in the Vestbakken Volcanic Province faulting and thick deposits followed the magmatism 

(Faleide et al., 2008). In early Oligocene a more westerly motion of the plate tectonics 

resulted in rifting and a marine shallowing (Faleide et al., 2008). NE-SW trending faults in the 

Vestbakken Volcanic Province were reactivated and the magmatism renewed (Faleide et al., 

2008). 

 

A deep-water gateway opened in Miocene time between the North Atlantic and Arctic (Engen 

et al., 2008). This had a major effect on palaeo-oceanography and climate. In Late Cenozoic, 

the Barents Sea was uplifted and sediments sourced from the Barents Sea buried the margin. 

The Cenozoic and parts of Cretaceous sediments were eroded and the Upper Regional 

Unconformity was established, thus Mesozoic deposits dominate the present Barents Sea 

outcrop (Faleide et al., 2015). The amount of uplift and erosion increased from south to north 

and west to east (Baig et al., 2016). Estimated net exhumation magnitudes are ranging from 

zero along the western margin to orders of 1500 meter in the east and 1250 meters in the 

south to 2250 meter in the north (Baig et al., 2016). The uplift distribution resulted in N-S 

tilting of the Barents Sea.  The SW Barents Sea margin became stable in the Oligocene 

(Faleide et al., 1993b). From the slope, the Upper Regional Unconformity is a downlap 

surface for glacial sediments deposited during the Northern Hemisphere Glaciation (Faleide et 



Geological framework 

20 

 

al., 2008). The Pliocene-Pleistocene glacial sediments, sourced from the Barents Sea shelf and 

deposited as submarine fans, resulted in large volumes of deposits along the margin (Faleide 

et al., 2008). 

 

 

2.2 Nordkapp Basin 

The Nordkapp Basin is an elongated, fault-controlled ENE-WSW trending basin situated in 

the southern part of the Barents Sea (Larssen et al., 2002) (Figure 2.4). The Nordkapp Basin is 

a salt-filled basin that was initiated in Late Devonian to Carboniferous time (Jensen and 

Sørensen, 1992). The basin is approximately 360 km long and has a width ranging from 30 to 

80 km. The Bjarmeland Platform and the Norsel High, the Finnmark Platform and the 

Veslekari Dome surround the Nordkapp Basin (Gabrielsen et al., 1990; Mattingsdal et al., 

2015).   

 

The Bjarmeland Platform is located north of the Nordkapp Basin (Figure 2.4). It includes the 

platform areas from north of the Nordkapp Basin and east of Loppa High (Larssen et al., 

2002). The platform area extends northward to the Sentralbanken and Gardarbanken highs 

(Gabrielsen et al., 1990).  The structural element Bjarmeland Platform includes the Norsel 

High northwest of the Nordkapp Basin as well as the Mercurius High, the Svalis, Samson and 

Norvarg domes, the Swaen Graben, the Maud Basin and some elements of the Hoop Fault 

Complex (Gabrielsen et al., 1990). The Bjarmeland Platform was established in Late 

Paleozoic (Gabrielsen et al., 1990; Breivik et al., 1995; Gudlaugsson et al., 1998; Larssen et 

al., 2002). At the Norsel High, Permian and Carboniferous evaporites and carbonates overly 

the crystalline basement (Jensen and Sørensen, 1992). Paleozoic and Precambrian rocks are 

assumed to underlay the Bjarmeland Platform (Gabrielsen et al., 1990).  The platform has 

been stable since the Late Paleozoic, but Tertiary uplift and erosion tilted the platform 

sediments to the south (Gabrielsen et al., 1990; Larssen et al., 2002).  
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Figure 2.4: Map of structural elements surrounding the Nordkapp Basin.  The figure is modified from Mattingsdal et 

al. (2015) 

 

South of the Nordkapp Basin the Finnmark Platform is situated (Figure 2.4). The Finnmark 

Platform extends west to Troms-Finnmark Fault Complex and south to the Norwegian 

mainland where the Caledonides outcrop (Gabrielsen et al., 1990; Larssen et al., 2002).  Like 

the Bjarmeland Platform, the Finnmark Platform was established in Late Paleozoic and 

Paleozoic and Precambrian rocks are assumed to underlay the platform (Gabrielsen et al., 

1990; Breivik et al., 1995; Gudlaugsson et al., 1998). Tertiary uplift tilted the Finnmark 

Platform as well, resulting in northward dipping of the sediments (Gabrielsen et al., 1990).  

The Veslekari Dome is situated at the northern end of the Nordkapp Basin where the northern 

and southern margins of the Nordkapp Basin tie together around 73°30’N, 34°30'E (Figure 
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2.4) (Mattingsdal et al., 2015). Both the Finnmark Platform and the Bjarmeland Platform is 

divided into a pre-platform and stable platform areas where the Carboniferous strata changes 

from evaporites to siliciclastic deposits (Gabrielsen et al., 1990; Larssen et al., 2002).  

 

2.2.1 Sub-basins in the Nordkapp Basin 

The Nordkapp Basin may be divided into three sub-basins; a southwestern, a central and a 

northeastern sub-basin. The southwestern sub-basin is bounded by the Måsøy Fault Complex 

in south and the Nysleppen Fault Complex in north (Figure 2.4). The SW sub-basin has been 

described by Gabrielsen et al. (1992); Jensen and Sørensen (1992); Koyi et al. (1993); Nilsen 

et al. (1995); Fichler et al. (2007); Gernigon et al. (2011). The study area of this thesis covers 

the central and northeastern sub-basins. The central sub-basin is bounded by the Nysleppen 

Fault Complex in the north and Thor Iversen Fault Complex in the south (Figure 2.4) 

(Gabrielsen et al., 1990; Gabrielsen et al., 1992; Jensen and Sørensen, 1992; Nilsen et al., 

1995; Koyi and Talbot, 1996). The Polstjerna Fault Complex separates the NE sub-basin from 

the Bjarmeland Platform in northwest while Thor Iversen Fault Complex represents the 

southeastern boundary and is separating the sub-basin from the Finnmark Platform (Figure 

2.4) (Mattingsdal et al., 2015). Both the southern and northern margins are associated with 

salt pillows (Gabrielsen et al., 1992) and the sub-basins are dominated by various sorts of salt 

structures.  

 

2.2.2 Marginal Fault Complexes 

The SW sub-basin is separated from the Bjarmeland Platform and Norsel High in the 

northwest by the Nysleppen Fault Complex (Gabrielsen et al., 1990) (Figure 2.4). To the 

southwest, the fault complex terminates at WNW trending faults at 71°45’N, 24°E 

(Gabrielsen et al., 1990). The Nysleppen Fault Complex also represent the northern margin of 

the central sub-basin before it terminates in the northeast at 73°05’N, 29°E (Figure 2.4). The 

Nysleppen Fault Complex has a general NE-SW to N-S trend, but at approximately 28°30’E 

the trend curves to the east before the fault complex dies out at 29°E (Figure 2.4). The 

Nysleppen Fault Complex is an extensional feature with significant dip-slip components and a 

prominent basement structure. The fault complex was active in early Carboniferous and has 

been reactivated in Mesozoic and Tertiary times (Gabrielsen et al., 1990; Gudlaugsson et al., 
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1998). Faulting is associated with salt pillow formation and halokinesis had an important role 

of the development of the fault complex (Gabrielsen et al., 1990; Gabrielsen et al., 1992).  

 

The Måsøy Fault Complex is the structural division between the Finnmark Platform and the 

southwestern part of the Nordkapp Basin (Figure 2.4). The fault complex is situated between 

71°27’N, 25°E and 72°15N, 28°40’E (Gabrielsen et al., 1990). The fault complex is a NE-SW 

trending extensional feature and fault activity is suggested to early Carboniferous with 

reactivation in Mesozoic and Cenozoic. In the southwest the Måsøy Fault Complex terminates 

at the WNW-ESE striking Trollfjord-Kamagelv fault trend (Gabrielsen et al., 1990; Jensen 

and Sørensen, 1992). En èchelon fashion arrangement with significant dip-slip components 

characterizes the Måsøy Fault Complex (Gabrielsen et al., 1990).  Parts of the fault complex 

is associated with salt pillows and halokinesis has interacted with faulting activity (Gabrielsen 

et al., 1992).  

 

The Thor Iversen Fault Complex separates the Finnmark Platform from the central sub-basin 

in the west and from the NE sub-basin in the northeast (Figure 2.4). The fault complex is an 

extensional feature that trend W-E in the south and turns NE-SW to the north before it dies 

out at approximately 34°E. Similar to the Nysleppen and Måsøy fault complexes, the age of 

the Thor Iversen Fault Complex is suggested to be early Carboniferous and reactivation 

occurred in Mesozoic and Cenozoic times (Gabrielsen et al., 1990). Parts of the fault complex 

are associated with salt pillows, implying interaction between faulting and halokinesis.  

 

The Polstjerna Fault Complex is the structural division between the Bjarmeland Platform and 

the NE sub-basin (Figure 2.4). The fault complex strike NE-SW between 73°06'N, 31°15'E 

and 73°30'N, 33°40'E (Mattingsdal et al., 2015).  Mattingsdal et al. (2015) proposed fault 

activity from middle Triassic to Cretaceous times without ruling out possible later faulting 

activity. The fault complex is associated with an elongated salt pillow which has played an 

important role.  
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3 Seismic interpretation 

3.1  Data 

The main data is 2D seismic lines covering the northern part of the Nordkapp Basin and parts 

of the surrounding platform areas (Figure 3.1). The available surveys are NPD-BA-11, 

BARE02, NBR07RE09, NBR08 and NBR11. Seismic interpretation was performed using 

Petrel software provided by Schlumberger in addition paper-based interpretation. 

 

  

Figure 3.1: The position and data cover of the 2D seismic lines. The map is from NPD (2016b). 
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Additionally, filtered gravity data and a pseudo-3D cube (223D BARE12) were provided by 

TGS. The filtered gravity data are used to support the seismic interpretation. Selected time-

slices from the pseudo-3D cube have been used to enhance the seismic interpretation. The 

available depths are; 1250, 1500, 1750, 2000, 2250, 2500, 2750, 3000, 3250 and 3500 ms 

(twt). These time-slices were used to map the salt distribution and the rim syncline reflection 

pattern with depth.  

 

Four wells 7229/11-1, 7228/9-1, 7228/1-1 and 7228/2-1, located at Finnmark Platform, 

Måsøy Fault Complex and Nysleppen Fault Complex (Figure 3.2), are used in this thesis. The 

wells were used to correlate the seismic interpretation to lithostratigraphy (see chapter 3.3). 

Information about the wells is given in Table 3.1. 

 

Table 3.1: General information about the wells 7229/11-1, 7228/9-1, 7228/1-1 and 7228/2-1 collected from NPD (2016b) 

Well name 7229/11-1 7228/9-1 7228/1-1 7228/2-1 

NS degrees 72° 12' 57.24'' N 72° 23' 48.36'' N 72° 51' 0.92''N 72° 51' 9.75'' N 

EW degrees 29° 38' 29.75'' E 28° 43' 8.67'' E 28° 18' 55.19'E 28° 26' 29.61''E 

Drilling 

operator 

A/S Norske Shell Norsk Hydro 

Produksjon AS 

Norwegian 

Energy 

Company ASA 

Mobil 

Development 

Norway AS 

Completion date 15.12.1993 07.05.1990 26.04.2012 20.12.1989 

Type Exploration Exploration Exploration Exploration 

Status Plug and 

abandoned 

Plug and 

abandoned 

Plug and 

abandoned 

Plug and 

abandoned 

Content Dry Oil/gas shows 

 

Dry Shows 

Total depth 

(MD) [m RKB] 

4630.0 4600.0 

 

1714.0 4300.0 

 

Formation at 

TD 

Ørn Formation 

(Early 

Carboniferous 

Ørn Formation 

(Early Permian) 

Kobbe 

Formation 

(Middle 

Triassic) 

Havert 

Formation 

(Early Triassic) 
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Figure 3.2: Position of the wells; 7229/11-1, 7228/9-1, 7228/1-1 and 7228/2-1. The map and well location are from  NPD 

(2016a).  

 

3.2 Seismic interpretation procedures 

The Nordkapp Basin was first mapped with emphasis on two reflections located near Base 

Cretaceous and near Top Permian. The reflections are in this thesis referred to as Base 

Cretaceous and Top Permian. In that way, the main structural and stratigraphic framework 

was mapped firstly. The numerous salt structures inside the Nordkapp Basin make it 

challenging to map the reflections across the basin. Jump correlation method was used to be 

able to map the seismic reflections across the salt-filled basin (Figure 3.3). Uncertainties 

related to the correlation should be considered. Additionally the reflection near Base 

Cretaceous was mapped above the salt structures even though that is not the reality.  The 

method was chosen due to interpolation challenges related to the generation of the time-

structure map. The generation of the time-structure map would interpolate through the salt 

structures making the interpretation of the time-structure map challenging.  
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Figure 3.3: Illustration of the jump correlation method. Left: an uninterpreted seismic line showing how vertical salt 

structures are making the seismic interpretation challenging. The reflections within the two black boxes are assumed 

to correlate. Right: Two seismic reflections are interpreted by “jumping” across the salt diapir. Green: Base 

Cretaceous 

 

The salt structures were mapped using Multi-Z interpretation, a process in Petrel that handles 

multi-Z interpretation values. A salt distribution map was constructed using the thickest part 

of the salt diapirs near Base Cretaceous (Figure 3.3) The salt interpretation was later 

correlated with filtered gravity data and selected time-slices. The different salt structures have 

been classified based on their geometry and position. The maximum amplitude/wavelength 

ratio of the salt pillow is measured while the salt diapirs do not have this classification due to 

uncertainties related to the base of the salt. The seismic data is not depth-converted; hence the 

z-dimension is given in two-way time (TWT). The amplitude of the salt pillows is converted 

from time to meters using a velocity of 5000 m/s, corresponding to the p-wave velocity in 

salt. The maximum amplitude/wavelength is measured where the salt pillows have maximum 

amplitude. 

 

Furthermore the stratigraphic and structural configuration of the basin was interpreted in more 

detail. The main focus of the seismic stratigraphy interpretation was to identify influence by 

halokinesis. Therefore, the seismic horizons were identified based on geometry of the seismic 

units and stratal terminations in the rim synclines (Figure 3.4). The seismic stratigraphy 

technique is partly adapted from (Mitchum Jr et al., 1977a; Mitchum Jr et al., 1977b; Vail, 

1987; Van Wagoner et al., 1987). Each horizon is described by reflection continuity, 

reflection amplitude and reflection terminations.  
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Figure 3.4: Examples of boundary terminations at upper boundary (A) and lower boundary (B). The figure is from 

Mitchum Jr et al. (1977a). 

 

The sequences were described by seismic facies parameters defined by (Mitchum Jr et al., 

1977a). This includes reflection continuity, reflection amplitude and reflection configuration. 

Example of different reflection configuration within a sequence is given in Figure 3.5. 

 

 

Figure 3.5: Seismic reflection configurations. Left: Parallel, subparallel, wavy and divergent patterns. Right: 

Reflection patterns that are interpreted as clinoform types. The figure is modified from Mitchum Jr et al. (1977a) 

 

The interpreted horizons were later correlated with the wells to be able to tie the seismic 

interpretation to lithostratigraphy and chronostratigraphy. A general description of the seismic 

horizons is given in Table 3.2.  
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 Table 3.2: Overview of the mapped seismic reflections 

 

3.3  Seismic to well correlation 

The mapped seismic reflections are correlated to the four wells 7229/11-1, 7228/9-1, 7228/1-1 

and 7228/2-1. The correlation of the mapped seismic reflections is shown in Figure 3.6 (well 

7228/9-1), in Figure 3.7 (well 7228/1-1 and 7228/2-1) and in Figure 3.8 (well 7229/11-1).  

 

The salt at the basin margin is situated within the Ørn Formation and the Gipsdalen Group 

(Figure 3.6). The Top Permian reflection is located near the top of the Tempelfjorden Group 

which is the lithostratigraphic unit corresponding to Top Permian (Figure 3.6, Figure 3.8). 

Even though the reflection is located just underneath the formation top, the name Top 

Permian (TP) will be used to describe this reflection (Figure 3.6, Figure 3.7 and Figure 3.8). 

Reflection H1 is located in the Havert Formation and hence is of Induan age (Figure 3.6, 

Figure 3.7, Figure 3.8). Reflection H2 is situated near the top of the Havert Formation, 

reflection H3 is located the near top of the Klappmyss Formation and reflection H4 is located 

near the top of the Kobbe Formation (Figure 3.6, Figure 3.7 and Figure 3.8). A regional and 

distinct reflection was chosen to map the upper boundary of the Triassic succession. This 

reflection is named Base Cretaceous (BCU). However, the reflection corresponds to Top 

Fuglen Formation in the wells (Figure 3.6, Figure 3.7 and Figure 3.8). The Jurassic succession 

is thin and the seismic resolution is limiting a precise age for the reflection. Note the closely 

spacing of the formation tops corresponding to the Fruholmen, Tubåen, Nordmela, Stø, 

Fuglen and Hekkingen  (Figure 3.6, Figure 3.7 and Figure 3.8).  

Reflection name Continuity Amplitude Terminations  

Base Cretaceous 

(BCU) 

Continuous High  None 

H4 Continuous High Toplap, onlap 

H3 Semi discontinuous Medium Toplap, onlap 

H2 Continuous High Toplap, onlap 

H1 Semi-discontinuous Low Toplap, downlap 

Top Permian 

(TP) 

Semi-continuous to 

continuous 

Medium None 
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Figure 3.6: Seismic to well correlation in well 7228/9-1. The well is located at the southern margin of the SW sub-basin 

(Figure 3.2). TP: Top Permian reflection. BCU: Base Cretaceous reflection. Note that the salt pillow is situated within 

the Gipsdalen group (Ørn, Falk and Ugle Formation) 

 

Figure 3.7: Seismic to well correlation in well 7228/1-1 and 7228/2-1. The seismic line transects well 7228/2-1 while the 

well 7228/1-1 is projected. The positions of the wells are shown in Figure 3.2. TP: Top Permian reflection. BCU: Base 

Cretaceous reflection 
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Figure 3.8: Seismic to well correlation in well 7229/11-1. The well is located at the Finnmark Platform (Figure 3.2). 

TP: Top Permian reflection. BCU: Base Cretaceous reflection 

Furthermore, sedimentation rates were estimated by using the measured formation thicknesses 

in well 7228/9-1 collected from (NPD, 2016b) and an approximately deposition time in each 

lithostratigraphic unit using timescale from Norlex (2016) and lithostratigraphy from 

Glørstad-Clark et al. (2010) (Figure 3.9). Note that the difference in thickness and 

sedimentation rates from Early Triassic to Jurassic (Figure 3.9).  

 

The mapped reflections within the Nordkapp Basin; Top Permian, H1, H2, H3, H4 and Base 

Cretaceous are bounding five sequences named S1, S2, S3, S4 and S5 from the bottom and up 

(Figure 3.10). The sequences correlate to the following lithostratigraphic formations; S1: 

lower part of Havert Formation, S2: upper part of Havert Formation, S3: Klappmys 

Formation, S4: Kobbe Formation (Figure 3.6, Figure 3.7 and Figure 3.8). Sequence S5 is 

mainly the upper part of Triassic, but note that a thin package of Jurassic strata may be a part 

of this unit (Figure 3.6, Figure 3.7 and Figure 3.8). 
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Figure 3.9: Thicknesses and sedimentation rates of the lithostratigraphic formations deposited in the Triassic and 

Jurassic. The formation thicknesses are measured in well 7228/9-1 (NPD, 2016b). Location of the well is shown in 

Figure 3.2. Chronostratigraphy and lithostratigraphy is from Norlex (2016) and the formation to age tie is from 

Glørstad-Clark et al. (2010). 

 

Additionally, the mapped reflections are correlated to the regional Triassic sequences defined 

by Glørstad-Clark et al., (2010). The correlation was performed to the wells 7226/11-1 and 

7224/7-1 that are used in the paper. The sequence stratigraphy and paleogeography published 

by Glørstad-Clark et al., (2010) are used to correlate the mapped sequences in this thesis to a 

regional stratigraphic framework. A summary of the correlation of the sequences is shown in 

Figure 3.10. The Nordkapp Basin’s sequences S1 and S2 correspond to Glørstad-Clark’s 

sequence S1. The Nordkapp Basin’s sequences S3 and S4 correlate to Glørstad-Clark’s S2 

and S3, respectively. Glørstad-Clark’s sequences S4 and S5 are correlated to Nordkapp 

Basin’s sequence S5 (Figure 3.10).  The upper boundary of Glørstad-Clark’s S5 is truncated 

by Base Cretaceous Unconformity which represents the top of Nordkapp Basin’s sequence 

S5.  



Seismic interpretation 

34 

 

 

Figure 3.10: The seismic surfaces (horizons) and sequences mapped in the Nordkapp Basin are correlated to lithostratigrahy and chronostratigraphy. The regional sequences from 

Glørstad-Clark et al. (2010) is also included in the figure. The figure is modified from Norlex (2016) and Glørstad-Clark et al. (2010). 
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3.4 Stratigraphic and structural framework 

A map including all major structural elements within the northern part of the Nordkapp Basin 

was constructed using a combination of 2D seismic data including Base Cretaceous and Top 

Permian time-structure maps, fault maps and thickness-map of the Base Cretaceous-Top 

Permian as well as gravity data and time-slices. The contrast in style, including that of the salt 

structures is illustrated (Figure 3.11). The structural map with naming of all major structures 

in the study area including the architecture of the central and NE sub-basins will be described.  

The sub-basins architecture will be further described in the following chapter. Selected 

seismic lines that generally illustrate the main structural configurations will be presented.  

 

3.4.1 Structural map of study area 

The study area covers the central and northeastern segment of the Nordkapp Basin including 

the transition from the SW sub-basin to the central sub-basin. The central sub-basin and NE 

sub-basin with surrounding platform areas are the main focus of the thesis (Figure 3.11). The 

study area consists of several major structural elements. The Nordkapp Basin is surrounded 

by platform areas to the south and north and the structural division between platforms and the 

Nordkapp Basin is defined by fault complexes (see chapter 2.2). These fault complexes (i.e. 

Nysleppen Fault Complex, Måsøy Fault Complex, Thor Iversen Fault Complex and Polstjerna 

Fault Complex) are associated with salt structures with different structural style. The margin 

salt structures are described in detail in chapter 3.6. The position of the margin varies with 

depth (Figure 3.11) and the basin architecture at Base Cretaceous and Top Permian level is 

described in detail in chapter 3.5. Numerous salt structures are situated in the Nordkapp Basin 

from the southwestern to northeastern end of the basin. However, the style of the structures 

varies throughout the Nordkapp Basin. The salt structures and their distribution are described 

in detail in chapter 3.6.  

 

As previously mentioned in chapter 2.2, the Nordkapp Basin is divided into three sub-basins; 

the SW sub-basin, the central sub-basin and the NE sub-basin. The transition from the SW 

sub-basin to the central sub-basin is characterized by contrast in basin architecture style. One 

of these is the termination of the Måsøy Fault Complex striking NE-SW and the western 

beginning of the Thor Iversen Fault Complex striking W-E (Figure 3.11). The northern 

margin (i.e. the Nysleppen Fault Complex) is striking NE-SW along the SW sub-basin and 

turns N-S at the transition to the central sub-basin (Figure 3.11). The southern margin of the 
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central sub-basin is associated with a salt pillow from the west to the east, while another salt 

pillows is situated in the western part of the northern margin (Figure 3.11). The SW-central 

sub-basin transition is further characterized by a northward narrowing of the SW sub-basin 

and an eastward widening of the central sub-basin (Figure 3.11). The central sub-basin has a 

maximum width in the central parts of the basin before it narrows to the east where the Thor 

Iversen Fault Complex strikes NNE-SSW and the northern margin strikes SSE-NNW (Figure 

3.11).  

 

 

Figure 3.11: Structural map of the study area. The map includes surrounding platform areas, the fault complexes 

associated with the basin margins, the position of basin margins defined at Base Cretaceous (BCU) and Top Permian 

levels. The position of the sub-basins and their boundaries are illustrated. Salt structures in the study area are shown. 

It should be noted that the SW sub-basin is a salt-filled basin, but only the transition zone to the central sub-basin is 

within the study area of the thesis. Position of basin profiles are marked in red and named profile 1-4.  
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The central-NE sub-basin transition is defined where the Thor Iversen Fault Complex changes 

strike from NNE-SSW to NE-SW, as well as the beginning of the Polstjerna Fault Complex at 

the northern margin (Figure 3.11). The Polstjerna Fault Complex and northern part of the 

Thor Iversen Fault Complex are both associated with salt pillows. The NE sub-basin narrows 

towards the north and the Nordkapp Basin ends where the two margins connect at the crest of 

the Veslekari Dome (Figure 3.11).  

 

3.4.2 Basin profiles 

The stratigraphic framework is mapped between the upper boundary Base Cretaceous and the 

lower boundary Top Permian. In this sub-chapter four seismic 2D lines crossing the basin are 

presented and described. The position of the profiles is shown in Figure 3.11. The seismic 

profiles are illustrating the main structural configuration of the basin. Each profile will be 

described with characterization of the platform to the south including the southern margin, the 

platform to the north including the northern margin and the basin configuration with 

emphasize on salt structures. The profiles include name of structural elements that will be 

described in more detail in later chapters. 

 

Profile 1 

Two salt diapirs are situated along profile 1 (Figure 3.12) that is spanning through the western 

part of the central sub-basin (Figure 3.11). The salt diapirs are vertical and both are 

subcropping a thin cover of Quaternary sediments. These salt diapirs are closely spaced and 

the salt structures are widening downward in the surrounding Cretaceous succession (Figure 

3.12). At the platform sides of the salt diapirs the strata are defining the rim synclines with 

steeply dipping reflections implying the timing of salt movements. These stratigraphic units 

are described in detail in chapter 3.7. The overlying strata are deformed and bent above the 

salt structures and show evidence for minimum one additional salt movement phase (Figure 

3.12). The Cretaceous succession does however not show evidence for start of salt movement. 

On the contrary, southward sediment progradation is identified (Figure 3.12), implying a flat 

topography and inactive salt diapirs at the time. Hence, the timing of later salt movement 

phase(s) are eroded and thereby out of scope to address in this thesis. 
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Figure 3.12: A seismic line (profile 1) showing the stratigraphic and structural configuration of the western part of the 

central sub-basin (Figure 3.11). The Bjarmeland Platform is located on the left hand side and the Finnmark Platform 

on the right hand side. The red line is the Top Permian reflection while the green is Base Cretaceous reflection. The 

salt structures are shown in pink. Additionally, the salt pillow has horizontal line pattern in black. 

 

Similar to the Finnmark Platform, the strata on the Bjarmeland Platform is dipping towards 

the Nordkapp Basin (i.e. to the south) (Figure 3.12). The Top Permian – Base Cretaceous is 

however thicker on Bjarmeland Platform than on Finnmark Platform (Figure 3.12). The 

Bjarmeland Platform is affected by faults striking NE-SW that have small displacements. 

Sub-salt faults situated below Permian are not identified on the Bjarmeland Platform, only at 
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the northern margin (Nysleppen Fault Complex) (Figure 3.12). The sub-salt faults are steep 

and dip towards the basin and the Top Permian reflection increases significantly in depth from 

approximately 3150 ms at Bjarmeland Platform depth to 4800 ms inside the basin (Figure 

3.12). The overlying strata at the northern margin are faulted by one fault (N4), displacing the 

Base Cretaceous from approximately 1300 to 1400 ms depth. At Base Cretaceous level the 

displacement is not as significant as the southern margin, but the fault zone widens in the 

lower Triassic succession and has higher displacement compared to Base Cretaceous level 

(Figure 3.12). 

 

The central sub-basin is approximately 70 km wide at Base Cretaceous level and 60 km at 

Top Permian level across profile 1 (Figure 3.11, Figure 3.12). In the deeper parts of the basin 

the reflections is to a great extent obscured by the large salt structures, making it challenging 

to identify the exact positions of the reflections (Figure 3.12). The depth of Top Permian in 

the basin center is interpreted to be approximately 5000 ms. The thickness increase of the Top 

Permian-Base Cretaceous strata is significant from the platform areas to the basin (Figure 

3.12). The thickness seems to be approximately the same on the southern and northern side of 

the basin (slightly thicker on the southern side). The basin along profile 1 seems to be 

symmetric at Base Cretaceous, Top Permian and subsalt level (Figure 3.12).  

 

Profile 2 

Farther to the east, four salt diapirs are identified (Figure 3.11, Figure 3.13). The two 

northernmost (DS2 and DS3) of those subcropping at the Quaternary strata and the two salt 

diapirs at the southern part of the basin (DS4 and D2) are buried by the Lower Cretaceous 

strata. The salt diapirs are densely-spaced and vertical (Figure 3.13). The salt diapirs widens 

downward from the top of the salt, before it is narrowing again in the deep parts of the basin. 

The salt diapirs DS2 and DS3 to the north widens downward in the Cretaceous, Jurassic and 

uppermost Triassic strata (Figure 3.13).  The thin salt diapir close to the southern margin (D2) 

is narrowing downward in the Cretaceous strata and has a nearly uniform width in the Triassic 

strata to the bottom of the salt. The salt diapir DS4 is widening to the north and may consist of 

two merging salt diapirs where the southernmost has migrated to a shallower level (Figure 

3.13).  
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Figure 3.13: A seismic line (profile 2) showing the stratigraphic and structural configuration of the central sub-basin 

(Figure 3.11). The Bjarmeland Platform is located on the left hand side and the Finnmark Platform on the right hand 

side. The red line is the Top Permian reflection while the green is Base Cretaceous reflection. The salt structures are 

shown in pink. Additionally, the salt pillow has horizontal line pattern in black. 

 

The Top Permian reflection is located at approximately 2900 ms depth on the Finnmark 

Platform while at the southern side of the basin Top Permian is located at 3500 ms depth 

(Figure 3.13). The Top Permian reflection is overlaying a salt pillow (P2) at the southern 

margin (Figure 3.13). The salt pillow is part of the same pillow system as the salt pillow 

identified in profile 1. The salt pillow has a low amplitude, but the amplitude is still larger 
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than in profile 1 (Figure 3.12, Figure 3.13). The base of the salt pillow and underlying strata is 

faulted by steep sub-salt faults. The Top Permian- Base Cretaceous strata are faulted by 

multiple steep faults (T3) at the southern margin (Thor Iversen Fault Complex) (Figure 3.13). 

Several of the faults terminate in the lower Triassic succession, but two of the margin faults 

displace the top of the salt pillow. These margin faults are located above sub-salt faults 

(Figure 3.13). The Base Cretaceous reflection is located at approximately 1250 ms depth at 

the Finnmark Platform and is dipping towards the basin (Figure 3.13). In the southern side of 

the basin Base Cretaceous is at approximately 1500 ms depth before the reflection is bending 

above the salt structures. 

 

The Top Permian reflection is at approximately 3000 ms depth on Bjarmeland Platform while 

on the northern side of the basin Top Permian is at approximately 4000 ms depth (Figure 

3.13). The Top Permian reflection is faulted by steeply dipping sub-salt faults at the 

Bjarmeland Platform and the northern margin. The overlying Triassic strata at the margin are 

faulted by two steep dipping faults that terminate in the Permian succession. Those two faults 

are located above a sub-salt margin fault (Figure 3.13). In the northern part of the Bjarmeland 

Platform a fault is dipping towards the platform area. The Base Cretaceous reflection is 

located at approximately 1200 ms depth at the Bjarmeland Platform and is dipping towards 

the basin (Figure 3.13). The margin style at this level is flexural. In the northern side of the 

basin the Base Cretaceous reflections is at approximately 1500 ms depth which is 

approximately the same depth as the southern side (Figure 3.13).  

 

The central sub-basin is 80 km wide at Base Cretaceous level while 75 km wide at Top 

Permian level in profile 2 (Figure 3.13). The width is considerable larger than in profile 1 

(Figure 3.12). The basin configuration seem to be relative symmetric at Base Cretaceous 

level. The strata bounded by Top Permian and Base Cretaceous are thicker on the northern 

side than the southern side (Figure 3.13). In the basin center Top Permian is interpreted to be 

located at depth corresponding to 4100 ms which is shallower than that shown in profile 1 

(Figure 3.12, Figure 3.13). The basin architecture seems to be fairly symmetric at Top 

Permian as well as pre-salt level.  
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Profile 3 

In the NE sub-basin two salt diapirs have penetrated the overburden in profile 3 (Figure 3.11, 

Figure 3.14). The vertical salt diapirs are situated in the basin center (Figure 3.14). The largest 

diapir located in the north part of the section is part of an elongated salt wall, named W3, 

spanning along the NE sub-basin axis (Figure 3.11). The salt wall W3 reaches all the way up 

to the Quaternary strata while the salt diapir to the south (W1) is buried by Lower Cretaceous 

strata (Figure 3.14). The salt diapir (W1) is also a part of an elongated salt wall system 

(Figure 3.11). The northern salt wall (W3) widens downward in the Cretaceous, Jurassic and 

uppermost Triassic strata and is slightly narrowing to the bottom of the salt. The southern salt 

wall (W1) is widening downward to the middle of the Triassic succession before it is 

narrowing to a thin stem (Figure 3.14). The salt structures are separated by well-defined rim 

syncline strata. Note the well-defined southward progradation of sediments in the Lower 

Cretaceous succession in this section (Figure 3.14). 

 

At the Finnmark Platform Top Permian is at approximately 2900 ms depth (Figure 3.14). The 

Top Permian reflection deepens suddenly to a 4600 ms depth inside the basin (Figure 3.14). 

Top Permian and underlying strata is faulted by sub-salt faults. The densely-spaced faults at 

the southern margin (Thor Iversen Fault Complex) are steep and dip towards the basin. The 

Base Cretaceous reflection is at approximately 1200 ms depth at Finnmark Platform (Figure 

3.14). The Base Cretaceous reflection is faulted by two steep faults (T6) at the margin and is 

at 1300-1400 ms depth on the southern side of the basin. The main fault is affecting the 

Lower Cretaceous to upper Permian strata while the fault at the basin side is terminating in 

the lower part of Lower Cretaceous (Figure 3.14).  

 

At Bjarmeland Platform the Top Permian reflection is at approximately 2900 ms depth, 

similar to the Finnmark Platform (Figure 3.14). The northern margin (Polstjerna Fault 

Complex) is associated with formation of a high amplitude salt pillow, named P5 (Figure 

3.14). Sub-salt faults situated displace the base of the salt pillow and the faults are steeply 

dipping towards the basin. At Bjarmeland Platform the Base Cretaceous reflection is at 

approximately 1000 ms depth. Above the salt pillow, the Base Cretaceous reflection is 

affected by faulting (PF1) with significant dip/slip components and footwall rotation towards 

the Bjarmeland Platform (Figure 3.14). The fault is displacing the Lower Cretaceous to 

Triassic strata and the greatest throw occurs in the Triassic succession. The Top Permian 
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reflection is at approximately 4000 ms depth at the northern side of the basin which is 

considerable shallower than on the southern side (Figure 3.14). The Base Cretaceous 

reflection is at approximately 1250 ms depth at the northern side of the basin.  

 

 

Figure 3.14: A seismic line (profile 3) showing the stratigraphic and structural configuration of the central sub-basin 

(Figure 3.11). The Bjarmeland Platform is located on the left hand side and the Finnmark Platform on the right hand 

side. The red line is the Top Permian reflection while the green is Base Cretaceous reflection. The salt structures are 

shown in pink. Additionally, the salt pillow has horizontal line pattern in black. 
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In the center of the basin the Top Permian reflection is at its greatest depth, being 

approximately 5000 ms (Figure 3.14). In the deep parts of the basin (Top Permian and below) 

there is a great relief difference at each side of the salt diapirs, especially at the salt diapir in 

the north were the difference is approximately 1000 ms (Figure 3.14). The depth differences 

may indicate sub-salt faults situated underneath the salt diapirs. The basin architecture at Top 

Permian and pre-salt seems to be asymmetric with greater throw along the faults at the 

southern side of the basin (Figure 3.14). Similar asymmetric style is observed at Base 

Cretaceous level where the northern side of the basin is shallower.  The width of the NE sub-

basin is approximately 70 km at Base Cretaceous level and 50 km at Top Permian level in 

profile 3 (Figure 3.14). It should be noted that profile 3 is not perpendicular at the margins 

(Figure 3.11). Hence, the width of the basin will be wider in the profile than the actual sub-

basin width.  

 

Profile 4 

Farther northeast in profile 4, two vertical salt structures are located including the northern 

salt wall W3, which is described in profile 3, as well as a thin salt diapir named D7 to the 

south (Figure 3.15). The salt wall (W3) is subcropping the Quaternary strata in this section as 

well while the salt diapir to the south is buried by Cretaceous strata. The salt structures are 

widening downward from the top of the salt layers and the maximum widths of the structures 

are in the area penetrated by the uppermost part of the Triassic succession (Figure 3.15). 

Similar to the other salt structures described previously, they are thinning towards the deep 

parts of the basin. The Lower Cretaceous sediment progradation towards the south is also 

observed in profile 4 (Figure 3.15).  

 

At the Finnmark Platform the depth of Base Cretaceous is approximately 1050 ms and Top 

Permian is at a 2700-2800 ms depth which is considerable shallower than the profiles farther 

south (Figure 3.15, Figure 3.14, Figure 3.13, Figure 3.12). At the southern margin (Thor 

Iversen Fault Complex) the Top Permian reflection dips towards the basin above 

discontinuous high amplitude reflections (Figure 3.15). This may be a seismic facies 

indicating carbonate reefs (Larssen et al., 2002) .The sub-salt faults displace the strata towards 

the basin and at the southern side of the basin the Top Permian reflection is at 3350 ms depth 

(Figure 3.15). The Top Permian – Base Cretaceous succession is faulted by several faults at 
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the southern margin (T7) with considerable lesser throw than in profile 3 farther south (Figure 

3.14 and Figure 3.15).  

 

 

 

Figure 3.15: A seismic line (profile 4) showing the stratigraphic and structural configuration of the central sub-basin 

(Figure 3.11). The Bjarmeland Platform is located on the left hand side and the Finnmark Platform on the right hand 

side. The red line is the Top Permian reflection while the green is Base Cretaceous reflection. The salt structures are 

shown in pink. Additionally the salt pillows have horizontal line pattern in black.  
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At the northern side of the basin salt pillow formation has have deformed the surrounding 

strata by doming (Figure 3.15). This structure including the surrounding strata is named 

Veslekari Dome by Mattingsdal et al., (2015). The salt pillow, making up the core of the 

Veslekari Dome, is the largest salt pillow in Nordkapp Basin and the structure has high 

amplitude, resulting in the doming of the surrounding strata. The upper part of the Triassic 

and Cretaceous strata are faulted (PF3) in the northern part of the Veslekari Dome (Figure 

3.15). The sub-salt faults underlying the Top Permian displace the base of the salt pillow. The 

sub-salt faults are steep and are dipping towards the basin (Figure 3.15).  

 

In the basin center a small symmetric salt pillow, named P6, is situated between the two 

vertical salt structures (Figure 3.15). Sub-salt faults displace the base of salt pillow P6 as well. 

This area is interpreted to be the basin center and the Top Permian reflection is at its deepest 

being at approximately 4430 ms which is considerable shallower than further south (Figure 

3.14, Figure 3.15). The width of the NE sub-basin along profile 4 is approximately 70 km at 

Base Cretaceous level and 65 km at Top Permian level (Figure 3.15). Note that profile 4 is not 

perpendicular on the basin margins (Figure 3.11).  

 

3.5 Structural interpretation 

This sub-chapter includes a structural interpretation that is defined at two levels being the 

Base Cretaceous and sub-salt.  The sub-salt structural configuration is important to be able to 

identify the basin architecture at the time of salt deposition. Faults are mapped at Base 

Cretaceous to describe and interpret the structural configuration of the basin margins 

separating the rim syncline basins from the surrounding platforms. The chapter is starting 

with description of the Top Permian time-structure map, secondly fault interpretation at sub-

salt level and thirdly the Base Cretaceous level. The Base Cretaceous time-structure map 

including the fault segments will be presented and the central and NE sub-basin structural 

style will be described separately. Finally, the fault pattern at sub-salt is compared with the 

Base Cretaceous level fault pattern. The main objective is to examine a possible relationship 

between salt distribution and basin architecture and this will be discussed in chapter 5. Name 

of the salt structures are included in the fault descriptions. These salt structures will be 

described in detail later. 
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3.5.1 The Top Permian time-structure map 

The basin margins are clearly visible in the Top Permian time-structure map as an abrupt 

change from nearly horizontal to steeply tilting towards basin center (Figure 3.16). The Top 

Permian surface deepens from around 3000 ms and 3500 ms at this level, marking the 

Finnmark Platform - Nordkapp Basin transition in the south and Bjarmeland Platform - 

Nordkapp Basin transition in the north (Figure 3.16).  

 

An intra-basinal high separates the SW sub-basin from the central sub-basin and the central 

sub-basin is wider and deeper compared to the SW sub-basin (Figure 3.16). The Top Permian 

dips reflection deepens to 4000-4500 ms depth and seems to continue to deepen towards the 

basin center below 5000 ms (Figure 3.16). In this area the reflections are obscured by seismic 

noise and the Top Permian reflection cannot be identified with certainty. The central sub-

basin shallows towards the east as the sub-basin narrows (Figure 3.16). Furthermore, the 

Nysleppen Fault Complex dies out and the throw along the Thor Iversen Fault Complex 

decreases (Figure 3.16). 

 

The seismic imaging of the Top Permian is clearer in the NE sub-basin, making the seismic 

interpretation more confident. The Top Permian transition from the Finnmark Platform is 

characterized by greater deepening than the Bjarmeland Platform- NE sub-basin transition 

(Figure 3.16). The great drop in the Top Permian depth along the Thor Iversen Fault Complex 

continues towards the northeast before it starts to shallow towards the isolated salt diapir 

(Figure 3.16). The basin narrows further before it closes at the crest of the Veslekari Dome. 

The narrowing basin is bounded by salt pillows on both margins imaged in the time-structure 

map by the Top Permian relief (Figure 3.16). In the northern end of the Nordkapp Basin, the 

Top Permian reflection does not have the distinct deepening, resulting in a shallower basin 

configuration.   
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Figure 3.16: Top Permian time structure map including the basin margin defined at Top Permian level and sub-salt 

faults. The basin margin is well-defined by a distinct deepening at Top Permian level. 

 

 

3.5.2 Sub-salt fault pattern 

The Nordkapp Basin has previously been described as a fault controlled basin that developed 

during a Late Devonian – Carboniferous rift phase (Gabrielsen et al., 1990; Breivik et al., 

1995; Gudlaugsson et al., 1998). The sub-salt faults are masked by salt overhangs inside the 

basin. Hence, the fault interpretation is restricted to areas unaffected by salt diapirism which 

is mainly the basin margins (Figure 3.16). Pre-Permian strata are furthermore poorly resolved 

in the seismic data. The uncertainties related to sub-salt faulting should be considered. The 

faults identified sub-salt is characterized by small offsets. The faults are densely spaced, but 

each individual fault has a limited lateral extent (Figure 3.16). 
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The SW sub-basin is defined as a half-graben at pre-Permian levels with greater subsidence 

along the northern margin (Gabrielsen et al., 1990; Gabrielsen et al., 1992; Koyi et al., 1993). 

At the northern margin of the central sub-basin, the sub-salt strata are faulted at the crest of 

the salt pillow, coinciding to the Nysleppen Fault Complex (Figure 3.16). The faults are 

striking NE-SW and dip towards the basin center. In the northeastern part of the central sub-

basin margin the fault strike gradually shifts from NE-SW, E-W to NW-SE from west to east 

(Figure 3.17). The western part of the northern margin seems to have greater displacement 

than farther east (see Figure 3.12 and Figure 3.13). The central-NE sub-basin transition is 

characterized by a flexure.  

 

At the southern margin of the central sub-basin the faults are striking E-W along Thor Iversen 

Fault Complex (Figure 3.16). The majority of the faults is situated underneath the margin salt 

pillow and dip towards the basin center, see profile 1 and 2 (Figure 3.12, Figure 3.13).  The 

sub-salt fault pattern seems to be symmetric in the western part of the central sub-basin 

(Figure 3.16). Farther east the southern margin seems to have greater subsidence than the 

northern margin, but the faults are still dipping towards the basin center on both margins.  

 

The northern margin of the NE sub-basin is affected by densely-spaced faults striking NE-SW 

along Polstjerna Fault Complex (Figure 3.16). The faults underlie the margin salt pillow and 

have small throw towards the basin center (Figure 3.11, Figure 3.14). The majority of the 

faults dip to towards the basin center and at the platform side the faults dip towards the 

Bjarmeland Platform (Figure 3.16).  

 

At the southern margin of the NE sub-basin the faulting strikes NE-SW and at the northern 

end of the Nordkapp Basin the fault strike turns N-S (Figure 3.16). In the northeastern part of 

the margin the faulting is sparsely spaced and less distinct compared to the southwestern part 

(Figure 3.14 and Figure 3.15). The unobscured area between the elongated salt wall and the 

salt diapir inside the NE sub-basin reveals NE-SW striking faults that are dipping towards 

northwest and have minor displacements (Figure 3.15, Figure 3.16).  
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3.5.3 Fault interpretation defined at the Base Cretaceous level 

The structural framework at Base Cretaceous is used to define the margins of the Nordkapp 

Basin. This chapter includes a fault map at Base Cretaceous and will give a more detail 

interpretation of the structural style presented in chapter 3.4. The margins coincide with the 

Thor Iversen Fault Complex at the southern margin and the Nysleppen Fault Complex and 

Polstjerna Fault Complex at the northern margin of the Nordkapp Basin. These fault 

complexes consist of several fault segments (Figure 3.17). The objective is to study the 

variation in structural style associated with each fault complex as it varies with depth and the 

differences in structural framework of the central and NE sub-basins are described in the 

following.  

 

 

 

 

Figure 3.17: The base Cretaceous time-structure map is showing the structural configuration of the basin and the 

numerous salt structures inside the basin. At Base Cretaceous the marginal fault complexes consist of linked fault 

segments with varying style. The central sub-basin is considerable wider than the NE sub-basin.  
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The central sub-basin 

The Nysleppen Fault complex that coincides with the northern margin of the central sub-basin 

consists of the linked fault segments N-S1 to N-S4 while the southern margin of the central 

sub-basin, Thor Iversen Fault Complex, consists of the linked fault segments T-S1 to T-S5 

(Figure 3.17). Description of faults identified in the central sub-basin and northeastern end of 

SW sub-basin is listed in Table 3.3.  

 

The northern margin of the central sub-basin is a continuation of the NE-SW striking fault 

(N-S1) at northern margin of the SW sub-basin (Figure 3.17). At the northern margin of 

central sub-basin, the fault segment N-S2 strikes NNE-SSW and has displacement up to 230 

ms (Figure 3.17). The displacement increases to the north at the NE-SW striking fault 

segment N-S3 (Table 3.3). The fault segments N-S2 and N-S3 rotate the footwall towards the 

Bjarmeland Platform and are located above the margin salt pillow P2. The displacement 

decreases to 100-110 ms farther northwest, along the ENE-WSW striking fault segment N-S4 

(Figure 3.17). Fault N4 is planar and is dipping steeply at Base Cretaceous level (Figure 

3.12). In the Triassic succession the fault zone widens and the displacement occurs along 

three closely-spaced faults with lower angle. In the western part of the central sub-basin the 

northern margin has a flexural style as shown in profile 2 (Figure 3.13, Figure 3.17). The 

lower Triassic succession is however faulted by steep planar faults. 

 

It has been shown that the structural style along the Nysleppen Fault Complex varies with 

strike. The greater throw and footwall rotation occurs in areas associated with salt pillow P2 

(Figure 3.17). Where the salt pillow P2 is thin or absence the throw is less or the fault 

complex has a flexural style. Gabrielsen et al., (1992) proposed a similar relationship between 

the thickness of the salt pillow and faulting along the Nysleppen Fault Complex in the 

southwestern part of the central sub-basin.  

 

The southern margin of the central sub-basin coincides with the Thor Iversen Fault Complex 

(Gabrielsen et al., 1990). The southern margin was likely initiated by faulting along fault 

segment T-S1 striking W-E with 160-186 ms displacement to the north (Figure 3.17). An 

antithetic fault (T1A) with smaller displacement (approximately 90 ms) is situated at the basin 

side of the main fault (T-S1), developing a small graben (Figure 3.17). Farther east large 

displacements corresponding to 205-250 ms, at the southern margin at Base Cretaceous occur 

along two closely spaced faults T-S2 striking west (Figure 3.17). The main fault T-S2 
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terminates at the present seabed, see profile 2 (Figure 3.13). In the Triassic succession the 

fault zone widens and the displacement is distributed among by four separated faults. The 

fault dip also decreases with depth. Three smaller faults affect the Triassic-Early Cretaceous 

strata farther south. Due to the minor significance of these faults in the greater picture, they 

are represented as one fault in the map (Figure 3.17). The fault segment T-S3 to the east is 

striking W-E parallel to fault T-S2 (Figure 3.17). As seen on the Base Cretaceous level the 

displacement was distributed among three faults, whereas two additional faults affect the 

underlying Triassic strata, see profile 2 (Figure 3.13). The faults are closely spaced and have 

small displacement. Two of the faults terminate at the top of salt pillow P2 while the others 

terminate in the Triassic succession. At the eastern end of the central sub-basin the faults T4 

and T5 strikes southwest (Figure 3.17). All the faults (T-S1 to T-S5) at the southern margin 

are associated with the underlying low amplitude salt pillow P2 (Figure 3.11), implying that 

the faulting interacted with halokinesis. 

 

 

Table 3.3: List of faults in central sub-basin including description of strike, type, displacement and other comments 

Name Strike/dip Type Approximately 

displacement (twt ms) 

Comments 

N-S1 NE-SW/SE Normal 100-150 SW sub-basin 

MFC N-S/W Normal 138-220 SW sub-basin 

N-S2 N-S/E Normal 180-230 High 

amplitude salt 

pillow P3. 

Footwall 

rotation 

N-S3 NE-SW/SE Normal 240-260 

N-S4 ENE-WSW/ SSE Normal 100-110  

T -S1 W-E/N Normal 160-186  

Low 

amplitude salt 

pillow P2 

T-S1A E-W/S Normal 90 

T-S2  W-E/N Normal 205-250 

T-S3  W-W/N Normal 60 

T-S4 SW-NE/NW Normal 100-150 

T-S5 SW-NE/NW Normal 50-70 
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The northeastern sub-basin 

The northern margin of the NE sub-basin coincides with the Polstjerna Fault Complex that 

consists of three fault segments P-S1 to P-S3 (Figure 3.17). The southern margin corresponds 

to the Thor Iversen fault complex including the fault segments T-S6 to T-S9. The fault 

segments in the NE sub-basin are listed in Table 3.4 including a description of each fault 

segment. 

 

The northern margin of the NE sub-basin is defined by the Polstjerna Fault Complex 

(Mattingsdal et al., 2015). The southwestern part of the northern margin is a continuation of 

the flexural margin in the NE sub-basin (Figure 3.17). The margin is however striking NE-

SW. Farther north the two closely-spaced fault segments P-S1 and P-S2 strike NE-SW and 

dips to the southeast (Figure 3.17). The main fault (P-S1) rotates the footwall towards the 

Bjarmeland Platform, see profile 3 (Figure 3.14). The faulting occurs above the high 

amplitude salt pillow P5 situated in the underlying Carboniferous strata. The fault zone 

widens with depth and terminates above the salt pillow (Figure 3.14). The displacement and 

footwall rotation are varying along strike. The amount of displacement decreases 

northwestward together with the amplitude of salt pillow P5. The faulting is also prominent 

along fault P-S3 at the northwestern part of the Veslekari Dome, see profile 4 (Figure 3.15). 

The main fault is dipping to the northeast, but antithetic faults terminate at the main fault 

plane with depth (Figure 3.15).  

 

The southern margin of the NE sub-basin is defined by the continuation of the Thor Iversen 

Fault Complex (Mattingsdal et al., 2015). In the southwest the southern margin coincide to 

the WSW-ENE striking fault segment T-S6 that is dipping towards the NNW (Figure 3.17). 

Fault T6 has significant displacement at Base Cretaceous and Triassic and terminates at the 

present seabed (Figure 3.14). A synthetic fault with lesser throw is located at the basin side of 

fault T6. This fault terminates in the lower Cretaceous succession. Farther north the fault zone 

widens and is accompanied by multiple closely-spaced faults (T-S7) striking WSW-ENE 

parallel to fault segment T-S6 (Figure 3.17). The majority of the faults are dipping to the 

NNW (T7a,b,d). The faults have low displacement (Table 3.4) and the dip increases with 

depth (Figure 3.15). Termination of the faults occurs at Base Cretaceous and in lower part of 

the Triassic succession (Figure 3.15). A minor graben is developed by the fault segments T-

S7b and T-S7c (Figure 3.17). As the basin is narrowing towards the north Base Cretaceous is 

affected by fault segment T-S8 striking SSW and a relay ramp is located between fault 
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segment T-S7 and T-S8 (Figure 3.17). Fault segment T-S8 is associated with a salt pillow 

(P4) which is characterized by low amplitudes. The displacement varies between 70- 100 ms 

at fault segment T-S8 before it terminates in the north at the Veslekari Dome (Figure 3.17). At 

the southeastern side of fault segment T-S8, the smaller fault segment T-S9 is located at the 

Veslekari Dome (Figure 3.17). Base Cretaceous is eroded in the central parts of the Veslekari 

Dome. 

 

 

Table 3.4: List of faults in NE sub-basin with description of strike, type, displacement and other comments 

Name Strike/dip Type Approximately 

displacement 

(twt ms) 

Comments 

P-S1 NE-SW/SE Normal 65 - 240 

(greatest above 

the thick pillow) 

High amplitude salt 

pillow P5. 

Footwall rotation 

P-S2 NE-SW/SE Normal 50 High amplitude salt 

pillow P5. 

P-S3 NE-SW/SE Normal 80 Veslekari Dome 

T-S6 WSW-

ENE/NNW 

Normal 70 - 110  

T-S7 a WSW-

ENE/NNW 

Normal 60  

T-S7b WSW-ENE/SSE Normal 60  

T-S7c WSW-

ENE/NNW 

Normal 60 - 80  

T-S7d NE-SW/NW Normal 50 - 90  

T-S8 NNE-

SSW/WNW 

Normal 70 - 110 Low amplitude salt 

pillow P8 

T-S9 NE-SW/NW Normal 40 Veslekari Dome 
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3.5.4 Comparing the structural patterns at Base Cretaceous and the sub-

salt levels 

 

The SW sub-basin has half-graben geometry at pre-Permian levels. The half-graben is striking 

NE-SW and dipping to the southeast with greater subsidence on the Nysleppen Fault 

Complex than Måsøy Fault Complex  (Gabrielsen et al., 1990; Gabrielsen et al., 1992). The 

faults identified in this chapter have generally the same polarity at sub-salt level and Base 

Cretaceous level (Figure 3.18). However, the sub-salt faults have both polarities, but the 

majority is dipping similarly to the faults defined at Base Cretaceous. Generally, the northern 

and southern margin is opposing fault complexes when defined at both sub-salt and Base 

Cretaceous (Figure 3.18). The sub-salt fault zone is wider and has a more complex pattern 

with shorter fault segments length compared to the faults defined at Base Cretaceous. 

However, the width of the basin is broader defined on Base Cretaceous than on Top Permian 

due to the geometry of the faults (Figure 3.12 and Figure 3.18).  

 

 

 

  

 

Figure 3.18: Comparing the Top Permian time-structure map and sub-salt faults (left) and the Base Cretaceous time-

structure map and the associated faults (right). The sub-salt fault zone is wider and more complex with shorter fault 

segments length compared to the Base Cretaceous faults.   
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3.6 Salt structures 

The different salt structures are identified by using 2D seismic reflection lines. The salt 

distribution has been mapped using Multi-Z interpretation of top of the salt inside the basin 

and Multi-Z interpretation is also performed on the individual pillows. The previously 

presented time-structure maps of the Base Cretaceous and the Top Permian are also used to 

map the salt structures (Figure 3.17, Figure 3.16). Furthermore, the seismic mapping of the 

salt structures was compared with filtered gravity data and selected time-slices from a pseudo-

3D cube. The salt distribution obtained from the seismic interpretation was then correlated 

with the gravitational data and time-slices.  

 

This chapter includes a classification of the salt structures identified in the Nordkapp Basin. 

Furthermore, the distribution and position of the salt structures are illustrated and the general 

outline is described. Each major structure is described starting with the structures associated 

with less deformation, ending with the strongest deformation. The same sequence is applied 

for the salt structures to describe the structures in cross-sections. In the cross-sections, the 

major salt structures are classified based on geometry, position and maximum 

amplitude/wavelength. The method for measuring the maximum amplitude/wavelength is 

described in chapter 3.2. Variations along the strike of the salt structures are illustrated by 

using several seismic lines across the structures.  

 

3.6.1 Distribution of salt structures 

The distribution of salt pillows and diapirs are described in this chapter with focus on 

similarities and difference in appearance of the salt structures in the two sub-basins (Figure 

3.19, Figure 3.20).  

 

Pillows 

Salt pillows are primarily situated along the margins of the Nordkapp Basin and large areas of 

the central and NE sub-basin margins are associated with salt pillows (Figure 3.19). The salt 

pillows are generally situated around 3000 ms depth (Figure 3.20).  

 

The northern part of the Måsøy Fault Complex is associated with a salt pillow (P1) that has 

previously been described by Gabrielsen et al. (1992) (Figure 3.19). The southern margin of 
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the central sub-basin, the Thor Iversen Fault Complex, is exclusively associated with the 

continuous salt pillow P2, extending from western to eastern end of the central sub-basin 

(Figure 3.19). The variation along strike is illustrated in profile 1 and 2 (Figure 3.12 and 

Figure 3.13) and will be further described in a later sub-chapter. The salt pillow P3 is situated 

at the Nysleppen Fault Complex and extends from the western end of the central sub-basin to 

approximately 30 km northeast, leaving the remaining part of the northern margin 

uninfluenced by salt pillow formation (Figure 3.19 and Figure 3.20).  

 

The southern margin of NE sub-basin on the other hand, is only associated with a salt pillow 

in the northern part (Figure 3.19). The salt pillow is named P4 and is closely spaced with a 

salt diapir (D7) to the southwest and the pillow P4 extends to the Veslekari Dome towards the 

north (Figure 3.19). The salt pillow which makes up the core of the Veslekari Dome is an 

extensive elliptical salt pillow with a length of close to 60 km and is approximately 30 km 

wide, making it the most lateral extensive salt structure in the Nordkapp Basin (Figure 3.19 

and Figure 3.20). The Veslekari Dome is located at the northern end of the Nordkapp Basin 

and the margins of the basin connect at the crest of the dome (Figure 3.19, Figure 3.20). 

 

Along the NE sub-basin northern margin another salt pillow P5 extends to the Veslekari 

Dome. This salt pillow is associated with most of the NE sub-basin northern margin (Figure 

3.19). In the northern part of the NE sub-basin the small salt pillow P6 is situated inside the 

basin. The salt pillow is located between two salt diapirs and is closely spaced to the salt 

pillow located along the southern margin (Figure 3.19).  
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Figure 3.19: Structural elements map of the central and NE sub-basins. The map is showing the position of the salt 

structures and their names as used in the main text. The lateral extents of the salt diapirs are defined at near the Base 

Cretaceous. General trends of the salt structures in the two sub-basins are illustrated by dashed blue lines; being W-E 

in central sub-basin and a NE-SW trend in NE sub-basin. The salt structures D6, W1 and D7 are parallel with the 

southern margin and are situated along the same strike «line» mark with a dashed blue line. The position of seismic 

lines used to describe the salt structures in cross-section is shown in red. 
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Figure 3.20: Time-structure map of the top of salt diapirs and salt pillows. The map is showing the depth of the 

different salt structures. The lateral extents of the salt diapirs are defined at near the Base Cretaceous. Compare the 

figure with Figure 3.19.  

 

Salt diapirs 

The top of salt was interpreted using Multi-Z interpretation and a time-structure map of the 

top salt was generated in Petrel (Figure 3.20). The filtered gravity data was used to quality 

check the interpretation as well as interpreting areas with sparse seismic data-cover. Salt 

diapirs are situated in the basin center of the two sub-basins. The salt diapirs are closely 

spaced and merging together forming systems of merged salt diapirs (Figure 3.19, Figure 

3.20). Note that the structural map is showing the salt diapir distribution where it is at its more 

extensive approximately at Base Cretaceous (Figure 3.19).  
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Salt diapirs in the central sub-basin 

At the southern end of the central sub-basin (at the transition to the southwestern sub-basin) 

the sub-circular salt diapir D1 is situated (Figure 3.19). The salt diapir is isolated from the 

other salt structures within the basin. Further east, the central sub-basin is associated with 

numerous salt structures (Figure 3.19). Some of the salt structures are elongated along the 

basin margins and others are sub-circular. In the central sub-basin close to the southern 

margin, four isolated and closely-spaced salt diapirs are situated (Figure 3.19). The western 

and easternmost (D2, D4 and D5) is nearly circular in map-view while salt diapir D3 is 

elongated and parallel with the southern margin (Figure 3.19).  

 

The western part of the central sub-basin is associated with one dominating salt structure 

system DS1 that is shaped as a semi-circle (Figure 3.19).  The salt structure system DS1 

covers large areas of the western part of the sub-basin and has an approximately 10 km width 

and the semi-circle shape of the system has a diameter at approximately 55 km (Figure 3.19). 

The salt structure system may be subdivided into three elongated salt walls striking NE-SW, 

NW-SE and ENE-WSW based on the elevation of the salt structure (Figure 3.20). The 

orientations of the salt walls coincide to a direction sub-parallel with both margins (NE-SW 

and ENE-WSW) and a salt wall nearly perpendicular to the margins striking NW-SE are 

connecting the two (Figure 3.19). The partly elliptical diapir system DS3 is connected with 

DS1 to the south (Figure 3.19).  In the center of the central sub-basin the salt distribution 

pattern is rather complex with a combination of sub-circular, elliptical and elongated 

geometries. In the northern part the diapir system DS2 is partly elliptical striking NE-SW and 

is connected to DS6 to the northeast and DS5 to the east (Figure 3.19). The salt diapir systems 

DS6 and DS5 are both striking W-E and a circular rim syncline separates the diapir systems. 

To the south the diapir system DS5 is partly elliptical and strikes NE-SW, while farther east 

the diapir systems DS7 and DS8 are more elongated and are striking ENE-WSW (Figure 

3.19). 

 

In general, the southern part of the basin is dominated by sub-circular isolated diapirs that are 

striking parallel with the southern margin while in the western and northern part the salt 

diapirs have merged together and form complex diapir systems (Figure 3.19, Figure 3.20). 

The salt structures combined together make up one large circle covering the center of the sub-

basin (Figure 3.19).  
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Salt diapirs in the NE sub-basin 

The salt structures within the NE sub-basin are generally elongated along the NE-SW strike of 

the sub-basin (Figure 3.19). The salt diapir system DS8 is connected with DS7 in the central 

sub-basin. The salt diapir system DS8 is partly elongated (17x12 km) and is striking NE-SW 

(Figure 3.19). Two isolated diapirs are identified close to the southern margin in the sub-

basin. The salt diapir D6 is situated at the southwestern end of the basin and is elongated 

striking NE-SW parallel with the southern margin (Figure 3.19). Farther northeast the other 

elongated salt diapir is situated along the same “strike-line” (Figure 3.19).  The salt diapirs D6 

and D7 are 9x6 km and 15x5km long and wide respectively. The two salt diapirs are 

separated by the salt wall W1 situated at the same “strike-line” (Figure 3.19). The salt wall 

W1 is approximately 29 km long and 9 km wide. 

 

The major salt wall W3 dominates the sub-basin and extends to northern end of the sub-basin 

(Figure 3.19). The salt wall strikes NE-SW and is approximately 60 km long and 10-12 km 

wide. Towards the south the salt wall splits into minimum two salt structures separated by a 

rim syncline (Figure 3.19). The northern side of the split-up is named DS9 and this diapir 

system is elongated (approximately 29x5 km) and strikes NE-SW parallel with the northern 

margin. Southwest of the split up, the salt wall W2 is oriented perpendicular to the basin 

margins (NNW-SSW) and thereby deviate from the other salt structures situated within the 

NE sub-basin (Figure 3.19). This salt structure is 8x6 km long and wide and connects the 

southern part of the major splitting salt wall (W3) to the salt wall (W1) at the southern side of 

the basin. In the southern part of the NE sub-basin the salt distribution is more similar to the 

central sub-basin with more sub-circular and merging salt structures, making it a transition 

zone from one salt structure style to another (Figure 3.19). Farther northeast in the sub-basin 

the salt structures are more elongated and less merging of diapir systems is observed.  
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3.6.2 Correlation with gravity data 

The seismic interpretation of the salt structures has been quality checked with filtered gravity 

data (Figure 3.21). As previously described in chapter 1.1, salt has low density and the density 

is almost invariant with depth. Hence, the salt structures have a negative anomaly in the 

filtered gravity data. The filtered gravity data is only available to 32°E which is the former 

boundary to the disputed area between Norway and Russia (Figure 3.21). Thus, the NE sub-

basin is not correlated with the gravity data.  

 

 

Figure 3.21: Filtered gravity data of the Nordkapp Basin and surrounding platform areas. The salt structures in the 

Nordkapp Basin are well-defined by negative anomalies. Filtered gravity data courtesy of TGS. 
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Salt structures have been extended in areas with poor seismic data cover (Figure 3.1). These 

areas are primarily located between salt structures identified in the seismic data, resulting in 

more connected salt diapir systems (Figure 3.22). The salt diapir D5 is not resolved in the 

gravity data, but the seismic 2D lines reveal the salt diapir. The gravity anomalies reflect 

lateral density contrast; therefore the salt pillows do not have the anomaly in filtered gravity 

data (Figure 3.22).  The area coinciding with salt pillow P1 along Måsøy Fault Complex has a 

negative gravity value, but not a significant anomaly. Salt pillow P2 is even poorer resolved 

in the gravity data with showing no anomaly. The eastern part of salt pillow P2 does however 

have a negative gravity anomaly in the eastern part (Figure 3.22). Salt pillow P3 along 

Nysleppen Fault Complex is thicker than the salt pillows P1 and P2, which may explain that 

the salt pillow P3 is well defined by a negative anomaly in the gravity data (Figure 3.22).  

 

 

 

Figure 3.22: Filtered gravity data and interpreted salt structures. Areas where the salt interpretation is correlated by 

the gravity data are marked with yellow circles. Filtered gravity data courtesy of TGS. 
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3.6.3 Salt structures in cross-section 

The different salt structures have been classified based on their geometry, position and 

maximum amplitude/wavelength in cross-section. Selected 2D seismic lines with different 

types of salt structures is presented, described and classified in this chapter. Furthermore, 

differences in shape and thickness of the salt structures along strike are illustrated by showing 

multiple seismic lines across the strike.  

 

Salt pillows 

A system of salt pillows P2 is identified in seismic sections across the southern margin of the 

central sub-basin (Figure 3.19). The western part of the salt pillow system P2 is described in 

Gabrielsen et al. (1992); Larssen et al. (2002). The salt pillow P2 was previously illustrated in 

basin profiles (Figure 3.12 and Figure 3.13) and is more detailed described in this chapter. 

 

The salt pillow P2 is interpreted as one pillow system, but the shape, thickness and style vary 

along strike. The salt pillow developed by interaction of faulting and halokinetic processes 

(Gabrielsen et al., 1992) with increasing  faulting in the southwestern part (Figure 3.23). 

Hence, the salt pillow is described in the central part first (Figure 3.23C) and then 

northeastward (Figure 3.23D and E) and finally southwestward (Figure 3.23A and B). The 

figure caption A-E is however set from southwest to northeast. 

 

The salt pillow is situated within the Gipsdalen Group of late Carboniferous – earliest 

Permian age (Larssen et al., 2002) (Figure 3.6). Above the salt pillow two characteristic bonds 

of reflections with high amplitude separate a nearly transparent seismic character (Figure 

3.23C). The reflections are correlated to the top of Tempelfjorden and Bjarmeland groups 

(Larssen et al., 2002) (Figure 3.23). In the central part the marginal salt pillow is delineated at 

its base by a semi-parallel and semi-continuous reflection that is characterized by low 

amplitude (Figure 3.23C). The base of the salt pillow dips steady towards the basin. The 

upper boundary is semi-continuous and characterized by high amplitude reflection. The 

reflection is slightly dipping towards the basin at the platform side of the margin while at the 

basin side the reflection is dipping steeply towards the basin center (Figure 3.23C). The 

reflections bound a body represented by chaotic reflections. The sequence is thinning from the 

center and pinch out on both sides, forming a characteristic pillow-shape. Sub-salt faults are 

dipping towards the north in this section (Figure 3.23C). 
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Towards the northeast the amplitude of the salt pillow increases (Figure 3.23D). The 

maximum amplitude is located at the margin and the pillow thin towards the basin and 

platform. The salt pillow has still a characteristic pillow-shape, but the platform end of the 

pillow is not easily identified. A gradual seismic facies change is observed, implying that the 

salt initially was deposited at the margin and probably extended a few km into the platform 

area (Figure 3.23D). The Permian strata above the salt pillow are faulted, but the 

displacements are minor. At the southeastern end of the central sub-basin, the salt pillow 

decreases significantly in thickness (Figure 3.23E). Faulting is less prominent in this area and 

the basin is shallower (Figure 3.23D and E). The shallowing of the basin is visible in the 

cross-section by the depth of the Top Permian reflection. Northeast of this section the salt 

pillow has died out. 

 

In the southwest the base of the salt pillow is dipping steeper towards the basin and is 

asymmetric (Figure 3.23B). Sub-salt faults terminate at the base of the salt pillow. The 

Permian strata are faulted at the top of the salt pillow while at the basin margin faults define 

the basin edge of the salt pillow (Figure 3.23B). The faults continue downwards in the pre-salt 

strata. The basin side of the salt pillow is poorly imaged, probably due to halokinetic 

processes and faulting. In the southwest the salt pillow is rotated towards the platform area 

(Figure 3.23A). The platform end of the pillow is not easily identified due to a gradual facies 

change. A margin fault with significant displacement detach the pillow into two separate 

structures (Figure 3.23A), implying that pillow formation and faulting interacted. The 

maximum thickness of salt pillow P2 varies between 350 meters and 900 meter and can be 

followed approximately 100 km along its strike (Figure 3.19). 
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Figure 3.23: Salt pillow P2 along the southern margin (Thor Iversen Fault Complex). Position of seismic sections A to 

E is shown in the structural map (Figure 3.19).  The blue line is the top of the Gipsdalen Group and the salt pillow is 

situated within this lithostratigraphic group. The shape, thickness and relationship to the faults at the top and base of 

the salt pillow vary along strike (A to E).  
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A summary of the classification of the salt pillows are listed in Table 3.5. The salt pillow P3 

at Nysleppen Fault Complex and the salt pillow P5 at Polstjerna Fault Complex are the salt 

pillows with greatest maximum amplitude/wavelength ratio (Table 3.5). The salt pillows are 

associated with extensive faulting and footwall rotation, see salt pillow P5 in profile 3 (Figure 

3.14).  Salt pillow P5 is more lateral extensive than P3 and can be followed 68 km along its 

strike. The maximum thickness of salt pillow P5 varies between approximately 350 meters in 

the south, 2965 meters in the central parts and and 500 meters in the north (Figure 3.19). Salt 

pillow P3 can be followed 30 km along its strike and the thickness of the salt pillow varies 

between approximately 625 meters in the north and a maximum thickness of 2500 meters 

farther south (Figure 3.19). Hence, salt pillow P3 and P5 have large thickness variations. The 

greatest thicknesses of the salt pillows P3 and P5 coincide to areas with extensive faulting and 

footwall rotation.  

 

Table 3.5: List of salt pillows with information about position, type, symmetry, maximum amplitude/wavelength and 

stratigraphic level. The location of the salt pillows is shown in Figure 3.19. 

Name Position Type Symmetry  
𝑴𝒂𝒙𝒊𝒎𝒖𝒎  𝒂𝒎𝒑𝒍𝒊𝒕𝒖𝒅𝒆

𝑾𝒂𝒗𝒆𝒍𝒆𝒏𝒈𝒕𝒉
 

Stratigraphic 

level 

P1 S margin, SW 

sub-basin 

Pillow Asymmetric  
1325 𝑚

17 000 𝑚
= 0.0779 

Gipsdalen 

Group 

P2 S margin, 

central sub-

basin 

Pillow Asymmetric  
900 𝑚

12 500 𝑚
= 0.0720 

Gipsdalen 

Group 

P3 N margin, 

central sub-

basin 

Pillow Asymmetric  
2 500 𝑚

12 000 𝑚
= 0.2083 

Gipsdalen 

Group 

P4 S margin,  

NE sub-basin 

Pillow Symmetric  
1 250 𝑚

14 800 𝑚
= 0.0844 

Gipsdalen 

Group 

P5 N margin,  

NE sub-basin 

Pillow Asymmetric  
2 965 𝑚

12 000 𝑚
= 0.2471 

Gipsdalen 

Group 

P6 Inside NE sub-

basin 

Pillow Symmetric  
475 𝑚

13 800 𝑚
= 0.0344 

Gipsdalen 

Group 

Veslekari 

Dome 

North of NE 

sub-basin 

Dome Symmetric  
4 530 𝑚

30 000 𝑚
= 0.1511 

Gipsdalen 

Group 
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The symmetric salt pillow P4 extends 45 km along its strike to the Veslekari Dome in the 

north (Figure 3.19). Salt pillow P4 has a maximum amplitude/wavelength ratio at 0.0844, 

which is small compared to P3 and P5 (Table 3.5). The thickness of the salt pillow varies 

between 700 meters in the south to 1250 meters in the center of the salt pillow (Figure 3.19). 

Located on the eastern side of salt pillow P4, salt pillow P6 is a small basin pillow (Figure 

3.19 and Figure 3.15). Salt pillow P6 is approximately 475 meters thick and can be followed 

17 km along its strike, making it the smallest salt pillow in the Nordkapp Basin (Figure 3.19). 

The Veslekari Dome on the contrary, is the most extensive salt structure in the Nordkapp 

Basin (60x30 km). The thickness of the salt dome varies from 1500 meter in the northwestern 

part to 4550 meter in the center of the salt dome. In the central parts of the Veslekari Dome 

the Triassic, Jurassic and Cretaceous strata are eroded.  

 

Salt diapirs 

The salt diapirs within the Nordkapp Basin have small overhangs and consist of a stem and a 

bulb. The nomenclature has previously been used by Davison et al. (2000). The elongated salt 

diapir D7 is described in more detail by using three seismic lines across the salt structure 

(Figure 3.24A, B and C). The salt diapir D7 is buried by Lower Cretaceous strata in the 

southern part (Figure 3.24A). The top of the salt is characterized by multiple discontinuous 

strong amplitude reflections and within the salt diapir the reflections is chaotic and nearly 

transparent (Figure 3.24A). The lateral extent of the diapir is defined at the seismic facies 

change from chaotic to discontinuous reflections. The uppermost part of the salt has a slight 

different seismic signature with higher amplitudes; this roof is interpreted to be a cap rock 

(Figure 3.24A).  

 

The salt diapir has a plug-shape with small overhangs (Figure 3.24A). The widest and 

overhanging part of the diapir is termed bulb. The salt diapir narrows downward from the 

bulb and the diapir has a vertical and rather thin stem. The bulb is situated in the upper part of 

the Triassic succession and the maximum width is approximately 5000 m while the stem is in 

the lower part of the Triassic succession (Figure 3.24A). The reflection defining the lower 

boundary of the salt is poorly imaged due to previously described limited seismic imaging at 

depth (chapter 1.1).  The salt diapir seems to be connected to the source layer, but most of the 

salt has moved into the salt diapir (Figure 3.24A).  Above the salt diapir, the diapir roof and 
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the Cretaceous overburden is faulted by normal faults that probably are related to diapir 

growth (Figure 3.24A). 

 

Further northeast, the salt diapir is subcropping a thin cover of Quaternary sediments (Figure 

3.24B).  Cap rock formation is not identified in this section. The salt diapir has still a plug-

shape consisting of a bulb and a stem (Figure 3.24B). The salt diapir is widest in the 

uppermost part of the Triassic succession, but the maximum width is approximately 6270 m 

and at a shallower stratigraphic level than in southwest (Figure 3.24A and B).  The thickness 

of the Top Permian- Base Cretaceous stratigraphic unit is thicker on the northern side of the 

salt diapir (Figure 3.24B and D). An explanation for the thickness differences could be a 

normal fault located underneath the salt diapir (Figure 3.24). 

 

At the northeastern end of salt diapir D7, it is buried by Lower Cretaceous strata, similar to 

the southwestern section (Figure 3.24A and C). The salt diapir has a similar faulted cap rock 

at the roof of the salt diapir in this area. In the section the salt diapir has a maximum width at 

2440 m which is significantly narrower than further southwest (Figure 3.24A and C). The salt 

diapir has a more uniform width with depth, but a narrowing towards the base is still present. 

In this area the salt diapir does not have a distinct stem and a bulb part, but rather a nearly 

uniform width with depth (Figure 3.24C). However, a slight narrowing at the top and in the 

stem part of the diapir is still present. A possible base of the salt diapir is identified and the 

salt diapir is also here connected to the source layer, but the source layer is depleted (Figure 

3.24C). As mentioned above, the thickness of the Top Permian- Base Cretaceous strata is 

larger on the northern side of the diapir. The Top Permian- Base Cretaceous thickness map 

reveal that the thickening is present along the northern flank of the salt diapir and are further 

thickening towards the center of the basin (Figure 3.24D). 
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Figure 3.24: Salt diapir D7. The figure is showing variations along the strike A, B and C. D: Time-thickness map of 

Top Permian to Base Cretaceous.The succession is thicker on the northern side of the salt diapir. Position of the 

seismic lines A-C is shown in Figure 3.19 and in D. 
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Some of the salt diapirs in the central sub-basin that are located along seismic lines with 

poorer seismic imaging seem to have nearly vertical walls. The diapir system DS5 is an 

example of such a salt structure that is subcropping the thin Quaternary sediments (Figure 

3.25). Note the poor seismic imaging with depth.  Two of many possible interpretations of the 

shape of the salt diapir system DS5 is illustrated (Figure 3.25).  Salt diapirs with potential 

near vertical walls are only identified along seismic lines with poor imaging with depth. 

 

 

Figure 3.25: Salt diapir system DS5 showing two possible interpretation of the shape of the salt diapir system. The 

seismic imaging with depth is poorly resolved and thereby large uncertainties related to the lateral extend and shape 

of the salt diapir. Position of the seismic line is shown in Figure 3.19 

 

 

Generally, the salt diapirs in the Nordkapp Basin are subcropping a thin cover of Quaternary 

sediments. However, the salt diapirs are buried by Lower Cretaceous strata at the ends. The 

salt diapirs including the salt walls and salt diapir systems are classified in Table 3.6. 
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Table 3.6: List of salt diapirs situated in central and NE sub-basins. The position of the salt structures is shown in 

Figure 3.19. 

Name Position Type Shape Orientation 

D1 SW-central sub-basin 

transition 

Diapir Sub-circular NW-SE 

D2 South central sub-

basin 

Diapir Sub-circular W-E 

D3 Southeast central sub-

basin 

Diapir Elongated NE-SW 

D4 East in central sub-

basin 

Diapir Sub-circular W-E 

D5 East in central sub-

basin 

Diapir Sub-circular W-E 

D6 Central-NE sub-basin 

transition 

Diapir Elongated NE-SW 

D7 Southeast NE sub-

basin 

Diapir Elongated NE-SW 

DS1 West in central sub-

basin 

Diapir system Semi-circle NE-SW and 

NW-SE 

DS2 North in central sub-

basin 

Diapir system Partly elliptical  NE-SW 

DS3 Central in central sub-

basin 

Diapir system Partly elliptical W-E 

DS4 Central in central sub-

basin 

Diapir system Partly elliptical NE-SW 

DS5 Central in central sub-

basin 

Diapir system Partly 

elongated 

W-E 

DS6 North in central sub-

basin 

Diapir system Partly 

elongated 

W-E 

DS7 Northeast in central 

sub-basin 

Diapir system Partly 

elongated 

NE-SW 

DS8 Southwest in NE sub-

basin 

Diapir system Partly 

elongated 

ENE-WSW 

DS9 Southwest in NE sub-

basin 

Diapir system Elongated NE-SW 

W1 Southwest in NE sub-

basin  

Wall system Elongated NE-SW 

W2 NE sub-basin Wall system Elongated NNW-SSE 

W3 NE sub-basin Wall system Elongated NE-SW 
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3.6.4 The 3D shape of the salt diapirs 

Selected time-slices from the pseudo-3D cube are used to check the seismic interpretation of 

the salt structures further. The time-slices fit well with the interpreted salt structures (Figure 

3.26). The time-slices are dominated by sub-circular chaotic reflections coinciding with the 

salt diapirs. The salt-rim syncline boundaries are identified at the transition to continuous 

reflections.  Note that salt diapir D5, which is not imaged in the gravity data, is easily 

identified in the time-slices (Figure 3.22, Figure 3.26). The time-slices are further used to 

interpret the salt structure shape with depth, but the resolution is rather poor and the time-

slices are unfortunately restricted to show the general trends. The time-slices support the 

interpretation of the salt structures being primarily vertical with small overhangs.  

 

 

  

Figure 3.26: Time-slices at different depths with the interpreted salt structures in transparent pink. A: 1250 ms. B: 

1500 ms. C: 2250 ms. D: 3000 ms. Seismic data courtesy of TGS.  
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3.7 Rim syncline sequences 

Three types of rim synclines (e.g. primary, secondary and tertiary rim synclines) are 

previously described in chapter 1.1. These rim synclines develop in association with the rising 

diapirs (Trusheim, 1960). The rim synclines are directly related to the respective salt diapir 

and thereby is essential to be able to understand the evolution of a salt diapir (Zirngast, 1996; 

Brandes et al., 2012). In this chapter the rim synclines to the respective salt structure systems 

(chapter 3.6) are outlined and interpreted. The main objective is to find evidence for timing of 

salt movements.  

 

Firstly, the rim synclines are outlined in the Base Cretaceous time-structure map with the 

previously identified salt structures. A brief description of the general rim syncline elements 

and depocenters are given to outline the distribution of the rim synclines in the Nordkapp 

Basin. Secondly, five selected 2D seismic lines are presented and described to illustrate the 

different style of the rim synclines. The seismic succession from the Top Permian to the Base 

Cretaceous reflection is divided into five seismic sequences based on reflection geometries. In 

this sub-chapter, a study of the geometric relationship of the sequences within the Top 

Permian – Base Cretaceous strata is given. Furthermore, areas with similar rim syncline style 

are presented and the descriptions of the seismic sections are used to divide the rim syncline 

areas into several rim syncline sub-basins. Each rim-syncline sub-basin is categorized based 

on the observations and their relationship is analyzed with emphasize on timing of salt 

movements. 

 

3.7.1 Rim syncline outline 

The rim synclines associated with the salt structure systems are presented in the Base 

Cretaceous time-structure map (Figure 3.27). The salt structures, interpreted in chapter 3.6, 

are included in the figure. Numerous rim synclines are identified between the basin margins 

and the salt diapirs in the basin center. Additionally, rim synclines are identified in the center 

of the basin between the salt diapir systems. The map will be described starting with the areas 

surrounding the southern margin in the central and NE sub-basins going southwest-northeast 

and then the northern margin is described in the same manner. 

 

The map indicates a rim syncline surrounding diapir D1 at the SW to central sub-basin 

transition (Figure 3.27). Based on the time structure map the rim syncline seems to be 
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connected with a wide rim syncline striking W-E along the southern margin. Eastward along 

the southern margin, the salt diapirs D2, D3 and D4 separate the wide rim syncline (Figure 

3.27). A rim syncline continues along the southern margin striking NE-SW, while the other is 

turning northward between the salt diapirs and the salt diapir systems DS4 and DS5 (Figure 

3.27).  

 

 

Figure 3.27: Location of rim synclines at the Base Cretaceous time-structure map of the central and NE sub-basin. 

The salt diapirs and salt pillows are illustrated in transparent pink. The black line is the basin margin defined at Base 

Cretaceous. Location of rim synclines is shown in yellow. The position of profiles A to E is shown in red. 

 

Another wide NE-SW striking rim syncline is identified in the southern beginning of NE sub-

basin (Figure 3.27). The rim syncline is situated between the southern margin and the salt 

wall W1 and continues northeastward at the margin side of diapir D7 (Figure 3.27). At the 
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basin side of salt wall W1 and diapir D7 another rim syncline is striking NE-SW. The rim 

syncline seems to have a depocenter in the south surrounded by the salt walls W1, W2 and 

W3 (Figure 3.27).   

 

In the northwestern part of central sub-basin, a Base Cretaceous high separates the rim 

syncline surrounding diapir D1 from the rim syncline between salt pillow P3 and the salt 

diapir system DS1 (Figure 3.27). The time structure map also indicates that the northern 

margin of the central sub-basin is separated into two rim synclines; one rim syncline striking 

NNE-SSW in the northwest between salt pillow P3 and salt diapir system DS1 and another 

rim syncline striking W-E between the northern margin and the salt diapir systems DS1, DS2, 

and DS6 (Figure 3.27). North in the NE sub-basin the rim synclines strike NE-SW between 

the northern margin associated with salt pillow P5 and the diapir system DS9 and salt wall 

W3 (Figure 3.27). At the crest of the Veslekari Dome the basin margins connect, resulting in 

two closely spaced NE-SW trending rim synclines.  

 

The rim syncline depocenters are separated by highs. In the central sub-basin the strike of the 

rim synclines vary from NNE-SSW to W-E along the margins. In the center of the basin the 

rim synclines also strike N-S. In contrast, the NE sub-basin is associated with rim synclines 

with nearly uniform NE-SW strike. 

 

3.7.2 Rim syncline profiles 

Three seismic sections in the central sub-basin are presented, starting with the areas close to 

the northern margin. Secondly, two seismic sections in the NE sub-basin are described in the 

same manner. The sequences are described from the deepest to the shallowest sequence. The 

general seismic character and well correlation of the sequence boundaries are previously 

described in chapter 3.3. The sequences and their boundaries are challenging to correlate 

between the different salt structures. The seismic boundaries are presented as the same 

reflection, but uncertainties related to the correlation should be considered (see chapter 3.2).  

Profile A 

In the northwestern part of the central sub-basin a profile A illustrates the style of the rim 

syncline is associated with the salt diapir system DS1 and salt pillow P3 (Figure 3.28). The 

section span from the hanging wall of the margin faults to the salt diapir system DS1 to the 

northeast with the rim synclines located in the middle. The salt pillow P3 is located in the 
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footwall of the margin faults (Figure 3.28). The deepest seismic sequence, S1, is bounded by 

the concordant boundaries Top Permian and the reflection H1 (Figure 3.28). The internal 

reflection configuration is discontinuous and the sequence S1 is affected by densely spaced 

faults with small displacements. The sediment package, defined as sequence S1, has a slight 

increase in thickness from approximately 500 to 670 ms towards the diapir (Figure 3.28). 

 

 

Figure 3.28: Profile A is located in the northwestern part of the central sub-basin (Figure 3.27). The margin is 

associated with a salt pillow (extreme left). Pink areas are salt structures and the pillow is marked with a line pattern 

as well. TP: Top Permian. BCU: Base Cretaceous. Sequence S2 and S3 is thickening towards the salt diapir DS1 while 

sequence S4 and S5 have nearly uniform thickness. 

 

The overlying sequence S2 is bounded by the seismic boundaries H1 and H2. The seismic 

sequence S2 has discontinuous reflections affected by faults with small displacement (Figure 

3.28). The reflection configuration within S2 diverges towards the salt diapir, but the 

discontinuous reflection pattern contributes to mask the configuration and potential boundary 

terminations. The seismic sequence S2 thickens significantly from approximately 215 to 470 



Seismic interpretation 

79 

 

ms towards the salt diapir before it folds upwards and toplap termination is identified at the 

upper boundary H2 (Figure 3.28). Sequence S2 has a wedge-shaped geometry.  

 

The seismic reflections H2 and H3 bound sequence S3 (Figure 3.28). The lower boundary H2 

is terminated by onlaps while the upper boundary of H3 is terminated by toplaps (Figure 

3.28). The reflection configuration within the sequence S3 diverges towards the diapir and the 

internal reflections are continuous and have high amplitude. Sequence S3 thickens 

significantly from approximately 250 to 765 ms towards the salt diapir giving sequence S3 a 

wedge-shaped geometry (Figure 3.28). Additionally, the sequence folds upwards near the salt 

diapir. Sequence S3 is divided into two sub-sequences named S3_I and S3_II. The sub-

division is based on steeper dipping reflection configuration within the lowermost unit S3_I 

relative to S3_II (Figure 3.28). Toplap and onlap terminations are identified at the sub-

sequence boundary. This seismic boundary is restricted to the thickest part near the salt diapir.  

 

Sequence S4 is bounded at the base by H3 and at the top by H4 (Figure 3.28). The reflection 

configuration within the sequence is characterized by semi-continuous, subparallel reflections 

with medium amplitudes, but the reflection continuity is slightly disturbed in the center of the 

seismic line (Figure 3.28). The sequence S4 thickness is approximately 400 ms and nearly 

uniform across the section. In a narrow zone near the salt diapir system DS1, the sequence is 

folded upwards. Sequence S5 is bounded by the reflections H4 and Base Cretaceous. 

Sequence S5 reflection configuration is similar to sequence S4, with sub-parallel and 

continuous reflections with medium amplitudes. The thickness of sequence S5 is 

approximately 730 ms and has nearly uniform across the section. Sequence S5 is folded 

upwards and onlap the salt diapir (Figure 3.28). 

 

The major wedges, sequence S2 and S3, indicate formation of secondary peripheral sinks that 

developed during salt impiercement. Based on the description of the sequences, the diapiric 

stage started in sequence S2 and continued in sequence S3 with several pulses of movement 

corresponding to the sequences S2, S3_I and S3_II.  Sediments deposited in sequence S4 are 

sub-parallel and has nearly uniform thickness, which indicate that the vertical salt movement 

decreased. The salt diapir system DS1 is widest in the sequences S4 and narrows up and 

downwards. Sequence S5 onlap the salt diapir and indicates that the salt movement ceased. 
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Profile B 

Farther east in the central sub-basin the basin margin has a flexural style and salt pillow 

formation is absent or minor (Figure 3.29). The Top Permian reflection is bent above sub-salt 

faults at the margin. These faults dip towards the basin (Figure 3.29). Another sub-salt fault is 

located proximal to the salt diapir system DS2 and the fault dips towards the Bjarmeland 

Platform (Figure 3.29). In the rim syncline toplap termination occurs at the upper boundary 

H1 of sequence S1. From the Bjarmeland Platform to the rim syncline sequence S1 is 

approximately 410 ms thick and it is thinning towards the salt diapir. Proximal to the salt 

diapir sequence S1 is faulted by a normal fault and has a thickness of approximately 130 ms 

(Figure 3.29). 

 

 

Figure 3.29: Profile B is located in the northern part of the central sub-basin (Figure 3.27). The rim syncline is 

situated between the Bjarmeland Platform and salt diapir system DS2. TP: Top Permian. BCU: Base Cretaceous. 

Note the extreme thickening of sequence S4.  
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Reflection H2, the upper boundary of sequence S2, has a different seismic character in the rim 

syncline compared to at the Bjarmeland Platform (Figure 3.29). At the Bjarmeland Platform 

H2 is characterized by continuous and high amplitudes, while in the rim syncline the H2 is 

steeply dipping towards the basin and the reflection continuity and amplitudes are decreasing.  

Sequence S2 is thinning towards the salt diapir from approximately 325 ms at the Bjarmeland 

Platform to 215 ms proximal to the salt diapir (Figure 3.29). The sequences S1 and S2 have a 

different style in this section compared to the wedge-shaped nature in profile A (Figure 3.28). 

 

Sequence S3 has a similar style in this section as in profile A (Figure 3.28) being toplap and 

onlap termination, diverging reflection configuration and a wedge-shaped geometry (Figure 

3.29). Sequence S3 is thickening from approximately 315 ms on the Bjarmeland Platform to a 

maximum thickness of 675 ms proximal to salt diapir DS2 (Figure 3.29). The rim syncline 

depocenter in sequence S3 is dipping towards the platform. In this area sequence S4 is 

delineated at the lower boundary H3 by onlap terminations and at the upper boundary H4 by 

toplap terminations (Figure 3.29). The sequence S4 is thickening towards the salt diapir from 

approximately 270 to 850 ms thickness. The large thickening and the wedge-shaped geometry 

of sequence S4, makes it the main wedge in this area in contrast to the uniform style further 

west (Figure 3.28). The rim syncline depocenter is nearly vertical upwards in sequence S4, 

but in the upper part of the sequence the depocenter dips towards the salt diapir.  

 

Sequence S5 is delineated at the base (H4) by onlap terminations and at the top by the 

concordant boundary Base Cretaceous. In this section sequences S5 is divided into two sub-

sequences. The lower part of sequence 5 (S5_I) is thickening towards the diapir from 

approximately 170 at the platform to 370 ms proximal to the salt diapir. The depocenter of the 

rim syncline is dipping towards the salt diapir similar to the uppermost part of sequence S4. 

The upper part of sequence S5 (S5_II) has a nearly uniform thickness at approximately 400 

ms across the section and is onlapping the salt diapir (Figure 3.29).  

 

Salt impiercement is indicated by the wedge-shaped nature of sequence S3. Sequence S4 is 

interpreted as a time where the subsidence increased and a large depocenter developed. 

Hence, the large thickness differences in sequence S4. The change in depocenter in the upper 

part of sequence S4 and S5_I implies that the salt diapir were widening. The sub-parallel 

reflection configuration and nearly uniform thickness in S5_II implies the end of diapirism.  
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Profile C 

In the southwestern part of the central sub-basin, the southern margin is associated with sub-

salt faults beneath the salt pillow P2 and faulting with significant dip/slip components in the 

Top Permian- Base Cretaceous succession (Figure 3.30).  The salt pillow P2 is described in 

detail in chapter 3.6.  

 

 

Figure 3.30: Profile C is located in the southern part of the central sub-basin (Figure 3.27). The rim syncline is 

situated between salt diapir system DS1 and the basin - Finnmark Platform transition. Note the thickening of 

sequence S2. TP: Top Permian. BCU: Base Cretaceous.  

  

The Top Permian (TP) reflection is faulted at the crest of the salt pillow and dip steeply 

towards the basin (Figure 3.30). Terminations are not visible at the base (Top Permian) or at 

the top (H1) of sequence S1, but the internal reflections are steeply dipping and semi 

discontinuous making potential terminations challenging to identify (Figure 3.30). Sequence 

S1 has a nearly uniform thickness from the Finnmark Platform to the rim syncline. The lower 

boundary H1 of sequence S2 is terminated by downlaps while the upper boundary H2 is 

terminated by toplaps (Figure 3.30). Sequence S2 is thickening towards the salt diapir from 
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approximately 370 ms at the Finnmark Platform to 730 ms. The reflection configuration is 

diverging towards the salt diapir and the internal reflections are semi-continuous and medium 

amplitudes (Figure 3.30). The sequence S2 has a wedge-shaped geometry similar to the 

section in the northwest (Figure 3.28).  

 

Sequence S3 is delineated at its base (H2) by onlap terminations at and at its top (H3) by 

toplap terminations (Figure 3.30). The reflection configuration is similar to sequence S2, but 

the reflections have higher continuity. The sequence is thickening from 250 ms at the 

Finnmark Platform to maximum 750 ms in the rim syncline (Figure 3.30). A wedge-shaped 

geometry characterizes sequence S3. Sequence S4 bounded by H3 and H4 has diverging 

reflection configuration with semi-continuous medium amplitudes (Figure 3.30). The 

sequence has a wedge-shaped geometry with a thickness increase from 260 ms on Finnmark 

Platform to a maximum thickness of 370 ms in the rim syncline (Figure 3.30). The rim 

syncline depocenter is migrating away from the salt diapir in sequence S4 (Figure 3.30). 

 

Sequence S5 is delineated at its base by the H5 reflection and at its top by the Base 

Cretaceous reflection; both continuous and with high amplitudes (Figure 3.30). The internal 

reflections are sub-parallel and medium amplitudes. The sequence is divided into two sub-

sequences. The lower sub-sequence S5_I is thickening towards the salt diapir, while the upper 

sub-sequence S5_II has nearly uniform thickness across the rim syncline (Figure 3.30). In this 

section sequence S5 has a similar style as at the northeastern part of central sub-basin (Figure 

3.29).  

 

The salt impiercement is interpreted to start in sequence S2 forming a large depocenter 

proximal to the diapir. Hence, the wedge-shaped sequence S2 with diverging reflection 

configuration in the rim syncline (Figure 3.30). Sequence S3 interpreted as a following salt 

movement pulse. The salt movement continued in sequence S4 when the salt diapir system 

were widening. The gradual change in depocenter reflects the widening of the salt diapir 

system in sequence S4 and S5_I (Figure 3.30).  The nearly uniform thickness and onlap 

terminations at the salt diapir DS1, implies that the salt movement ceased in S5_II (Figure 

3.30). 
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Profile D 

In the northern part of the NE sub-basin, the basin margin is associated with salt pillow P5 

and faulting with significant dip/slip components (Figure 3.31). The footwall is rotated 

towards the Bjarmeland Platform. In the footwall, Bjarmeland Platform, the sequences S1 - 

S5 have nearly uniform thicknesses and sub-parallel reflection configuration (Figure 3.31). 

The rim syncline is located in the hangingwall spanning towards salt wall S3, the style of the 

sequences is different than at the Bjarmeland Platform.  

 

 

Figure 3.31: Profile D is located north in NE sub-basin from the Bjarmeland Platform to salt wall W3 (Figure 3.27). 

The basin margin is associated with salt pillow formation, faulting with significant dip/slip components and footwall 

rotation. The rim syncline is characterized by thickness increase in sequence S2 and S3 towards salt wall W3. TP: Top 

Permian. BCU: Base Cretaceous.  

  

Sequence S1 has a nearly uniform thickness at the platform areas, above the salt pillow to 

proximal to the salt wall W3 (Figure 3.31). Sequence S2 is delineated at its top by toplap 

terminations in the rim syncline. In the rim syncline the sequence has a diverging reflection 

pattern and is thickening from approximately 200 ms above the salt pillow to 380 ms 
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proximal of the salt diapir (Figure 3.31). The geometry of sequence S2 is wedge-shaped in the 

rim syncline while the sequence is thinner above the salt pillow P5 than in the footwall where 

the thickness is approximately 370 ms.  

 

Sequence S3 has a distinct wedge-shaped geometry (Figure 3.31). The lower boundary H2 is 

defined by onlap termination while the upper boundary H3 is terminated by toplaps. The 

internal reflections within sequence S3 has low amplitude and is diverging towards the salt 

wall W3. The diverging pattern within the sequence is gradually decreasing upwards (Figure 

3.31). The extreme thickness increase, from approximately 300 ms above the salt pillow to 

1200 ms in the rim syncline, characterizes the sequence. The sequence has approximately the 

same thickness on the footwall as above the salt pillow (Figure 3.31). Sequence S4 is nearly 

uniform with small increase in thickness towards salt wall W3. In addition, the thicknesses in 

the rim syncline are larger than on the Bjarmeland Platform. Sequence S4 is 250 ms thick on 

the Bjarmeland Platform and in the rim synclinal the thickness is 300 ms (Figure 3.31). 

Sequence S5 is onlaping the salt wall and has sub-parallel reflection configuration and nearly 

uniform thickness. 

 

Uniform thickness of sequence S1 indicates stable condition prior to the salt movement. The 

formation of salt pillow P5 is interpreted in sequence S2, based on the thinning of the 

sequences above the salt pillow. Sequence S2 thickens towards salt wall W3. The increase in 

accommodation space distal to salt pillow P5 and proximal to salt wall W3, could be due to 

salt pillow formation, diapir impiercement of salt wall W3 or both. The extreme thickening of 

the overlying sequence S3 indicates vertical salt movement of salt wall W3. The upwards 

decreasing diverging pattern within the sequence is indicating that the vertical salt movement 

is slowing down and the salt wall starts to widen in the upper part of the sequence. The minor 

thickness change from the footwall and above the salt pillow indicates that the migration of 

salt towards the salt pillow decreased. Decreasing thickness change indicates that the salt wall 

is widening in sequence S4, before the salt wall ceased in sequence S5.  

 

 

 



Seismic interpretation 

86 

 

Profile E 

Profile E is located in the noerthen part of the NE sub-basin (Figure 3.27) and will be 

described from the south towards the north (Figure 3.32). The southern margin has a flexural 

style where salt pillows are absent.  Sequences S1 and S2 have nearly uniform thickness distal 

to the salt diapir D7. Proximal to the diapir the sequences are folded upwards in a relative 

broad zone (Figure 3.32). The rim syncline strata thicken towards the diapir D7 in sequence 

S3. In the overlying sequence S4 the internal reflections toplap the upper boundary H4 

(Figure 3.32). Sequence S4 is the main wedge-shaped sequence at the margin side of diapir 

D7. The sequence has a large thickness increase towards the diapir and the upwards folding 

proximal to the diapir is restricted to a narrow zone. Sequence S5 does also thicken towards 

the diapir, but in the upper part of the sequence has nearly uniform thickness and onlap the 

salt diapir (Figure 3.32).  

 

 

Figure 3.32: Profile E is located in the NE sub-basin. Note the thickening of sequence S2 distal to the salt structures 

and the faults. TP: Top Permian. BCU: Base Cretaceous. The position of the profile is shown in Figure 3.27. 

 

Sequence S1 is thinning from salt diapir D7 towards salt wall W3 (Figure 3.32).  Onlap 

terminations occur at the base (H1) of sequence S2 proximal to salt diapir D7. Proximal to 

salt wall W3 the internal reflections are merging together and the sequence is folded upwards 

(Figure 3.32). Sequence S2 has an anticline shape distal to the salt structures and the sequence 

is thinning proximal to both salt structures (Figure 3.32). Sequence S3 is terminated by toplap 

at the upper boundary H3. Proximal to salt wall W3 the reflection configuration diverges 
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towards the salt wall, resulting in a great thickness increase (Figure 3.32). The thickness is 

significantly larger than close to salt diapir D7 (Figure 3.32). Distal to the salt structures the 

upper part of sequence S3 and sequence S4 is faulted by normal faults with small 

displacements. Additionally sequence S4 and S5 is faulted by a normal fault close to diapir 

D7 (Figure 3.32). The fault is dipping towards the diapir. Sequence S4 is slightly thickening 

towards the salt diapir D7 and is folded similarly as the southern side of the diapir (Figure 

3.32). Sequence S4 thickens proximal to salt wall W3 before the sequences is folded upwards. 

Sequence S5 is onlapping salt wall W3 and has sub-parallel reflection configuration. The 

sequence has nearly uniform thickness, but is slightly thicker proximal to diapir D7 compared 

to near salt wall W3 (Figure 3.32). Sequence S5 is implying the end of diapirism in salt wall 

W3. 

 

3.7.3 Rim syncline sub-basins  

In this sub-chapter time-slices from the pseudo-3D cube is described to outline the reflection 

pattern and distribution of the rim synclines in the central sub-basin. Based on the cross-

sections, time-slices and Base Cretaceous time-structure map the rim synclines are divided 

into sub-basins. The rim syncline sub-basins are categorized by two observations; first 

thickening sequence and nearly uniform thickness. Finally, the timing of salt movements is 

interpreted.  

 

The rim synclines are studied in time-slices at 1500 ms and 2250 ms depth. Time-slice of the 

central sub-basin reveal the reflection patterns in the rim synclines. The time-slice at 1500 ms 

depth supports the previous interpreted rim syncline surrounding diapir D1 (Figure 3.33). The 

rim syncline sub-basin seems to be disconnected to the rim synclines along both margins. The 

northern margin is divided into two large rim syncline sub-basins coinciding to profile A and 

B. Profile A is located in an elliptical rim syncline sub-basin that strikes NE-SW (Figure 

3.33). The rim syncline sub-basin has denser reflection spacing in the north than south. 

Farther northeast, profile B is situated in the rim syncline sub-basin that strikes W-E (Figure 

3.33). A more detailed examination of the reflection pattern indicates that the sub-basin may 

further be divided in three rim synclines to the respective salt systems DS1, DS2 and DS6. 

The sub-basin will however be categorized in a general sense as one sub-basin due to the 

sparse data cover.  Profile C is located in a rim syncline where the reflection amplitude is low 

(Figure 3.33). The sub-basin terminates westward together with the southern margin and 
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eastward at salt diapir D2. A square-shaped rim syncline is located between the salt diapirs 

D2 and D3.  

 

Generally, the rim synclines located at the basin side of the margins have a pattern that is 

elongated and parallel with the margins. The reflection patterns in the basin center between 

the salt structures are more circular with varying strikes. A deeper time-slice at 3000 ms depth 

is showing similar general trends, but the amplitudes of the reflections are lower (Figure 

3.33). The general patterns trend at this level is elongated rim synclines close to the margins 

that are parallel with the margins and more circular rim syncline geometries in the basin 

center.  The variations in reflection pattern indicate that the rim synclines have developed in 

several phases and that result is interference pattern of the events. 

 

  

Figure 3.33: Time-slice at 1500 ms depth to the left and 3000 ms depth to the right. Seismic data courtesy of TGS. 

 

The rim synclines style varies both lateral and with depth. The identified rim synclines along 

the basin margins are divided into nine rim syncline sub-basins. The sub-basins are named A-

I. The central sub-basin is divided into five rim syncline sub-basins (A-E) while the NE sub-

basin is divided into four rim syncline sub-basins (F-I), see Figure 3.34. 

 

The area described in profile A is named sub-basin A and the area transected by profile B is 

named sub-basin B (Figure 3.34). Sub-basin C is located between salt diapir D1 and salt 

diapir system DS1. Profile C is situated in sub-basin D between pillow P2 and diapir system 

DS1. Sub-basin E is located farther west, between salt pillow P2 and diapir D3 and D4 

(Figure 3.34).  The northwestern part of NE sub-basin between the northern margin and salt 

diapir system DS9 is named sub-basin F. Profile D is located in rim syncline sub-basin G 

between salt pillow P5 and salt wall W3 (Figure 3.34). Southwest in NE sub-basin between 
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the southern margin and salt wall W1 the rim syncline sub-basin H is located. Farther east 

sub-basin I is situated between diapir D7 and the margin (Figure 3.34). The sequences and 

their boundaries are challenging to correlate from one rim syncline sub-basin to another. 

Uncertainties related to the correlation between the rim syncline sub-basins should be 

considered. The rim syncline sub-basins are categorized by two observations; first thickening 

sequence and uniform thickness (Figure 3.34).  

 

 

Figure 3.34: Location of the rim syncline sub-basins A – I and their associated salt structures. 

 

Timing of salt movements 

Evidence of timing of start of salt movement is not easily resolved across the basin due to 

poor seismic imaging in the deep parts of the basin. The seismic lines with confident seismic 

imaging imply that the start of diapirism is either in sequence S2 or S3. The nearly uniform 

thickness in either sequence S4 or S5 implies salt overhang development and eventually stop 

of salt movement in the upper most part of sequence S5. The summary of the first thickening 

sequence and the first nearly uniform thickness in each rim syncline sub-basin is shown in 

Figure 3.35. 
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The rim syncline sub-basins A, C and D surround the diapir system DS1. In these sub-basins 

the sequence S2 is significantly thickening towards the diapir system which indicates that 

reflection H1 represent the start of DS1 diapirism (Figure 3.35). The salt movement continued 

in sequence S3 with several pulses of movement corresponding to the sequences S3_I and 

S3_II (Figure 3.28), whereas in sub-basin D sequence S3 developed as one major wedge 

(Figure 3.29). The vertical salt movement of the salt diapir system DS1 is at its highest in 

sequence S3. The unconformity H3 implies the start of overhang development in the western 

and southwestern part of the salt diapir system DS1, corresponding to the rim syncline sub-

basin A and C (Figure 3.35). In the southeastern part of the salt diapir system DS1 (sub-basin 

D) sequence S4 is another vertical salt movement pulse. However, the lateral change in 

depocenter in sequence S4 implies that the salt diapir system DS1 developed overhangs in the 

southeastern part as well. Additionally, rim syncline sub-basin is influenced by the diapir 

development of salt diapir D2 as well and the wedge-shaped nature of S4 is interpreted to be 

primarily been controlled by the vertical diapir growth of diapir D2. The salt movement in 

DS1 ceased in sequence S5. 

 

 

 

Figure 3.35: The map on the left side show the start of salt movement and the map on the right side show decreasing 

vertical salt movement. The table is mainly summarizing the first thickening and nearly uniform thickness in the rim 

syncline sub-basins 
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The northern and eastern side of the central sub-basin has a different rim syncline style. In the 

northern central sub-basin, the start of salt movement in the salt diapir systems DS2 and DS6 

is implied by the wedge-shaped nature of sequence S3 in the rim syncline sub-basin B (Figure 

3.35). Sequence S4 is interpreted as a time when the subsidence increased and a large 

depocenter developed. Hence, the extensive thickness increases in sequence S4 and the upper 

boundary H4 is a distinct unconformity. Lateral movement of the rim syncline hinge away 

towards the basin margin implies a change in depocenter as the salt diapir grew more laterally 

in upper part of sequence S4. The vertical salt movement declined in sequence S5_I and 

overhang development continued. The sub-parallel reflection configuration, nearly uniform 

thickness and diapir onlap in S5_II indicates that the diapir growth finally ceased in S5_II.  

 

The rim syncline sub-basin E located southeast of D3 and D4 show similar thickness change 

in sequence S3 (Figure 3.35) and the salt structures D4 and D3 are interpreted to have pierce 

the overburden at a similar time as DS2 and DS6. In addition to impiercement in sequence S2, 

the vertical salt movement in sub-basin E continued in sequence S4 and was more laterally in 

sequence S5, before it is finally ceasing in sequence S5_II (Figure 3.35). This implies a 

similar development of the salt diapirs D3 and D4 and the salt diapir systems DS5 and DS6. 

 

In the same way the rim syncline sub-basin F, between the northern margin of NE sub-basin 

and diapir system DS9, indicate the start of diapirism in sequence S3 (Figure 3.35). The salt 

diapir system DS9 developed mainly in sequence S3 and the diapirism decreased in sequence 

S4. As in the rim syncline sub-basin B and E, the salt movement continued in rim syncline 

sub-basin F and developed overhangs in the lower part of sequence S5 (S5_I) before it finally 

ceased in S5_II (Figure 3.35).  

 

Farther northeast sequence S2 is thickening from salt pillow P5 towards salt wall W3 in the 

rim syncline sub-basin G (Figure 3.35). The rim synclines between basin margins associated 

with salt pillows and the salt diapirs are influenced by both pillow formation and the salt 

diapir impiercement. The influence of pillow formation is assumed to be greatest close to the 

largest salt pillows (e.g. pillow P5). The large thickness differences of sequence S2 between 

the Bjarmeland Platform and above the salt pillow indicate that the pillow developed in this 

sequence (Figure 3.31). In the northern part of salt wall W3, sequence S2 has an anticline 

shape distal to salt wall W3 and salt diapir D7. The distinct thickness change could be an 

early pillow stage of the northern part of salt wall W3 as well. The major vertical salt 
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movement within salt wall W3 was in sequence S3. The salt wall developed small overhangs 

in sequence S4 before it ceased in S5.  

 

The rim syncline sub-basin I implies impiercement of salt diapir D7 in sequence S3. The salt 

movement continued in sequence S4 and into sequence S5 when small overhangs developed 

before it ceased in sequence S5_II (Figure 3.32). 

At the southern side of NE sub-basin, the rim syncline sub-basin H that is located south of salt 

wall W1, is showing thickness change in sequence S2 (Figure 3.35) The seismic imaging in 

sequence S1 and S2 is however poor resolved in the seismic lines transecting sub-basin H. 

The main diapir stage of salt wall W1 is sequence S2 and the salt wall continued to grow in 

sequence S3. The reflection H3 represents the start of overhang development in sequence S4 

(Figure 3.35). Sequence S5 has nearly uniform thickness in the rim syncline sub-basin and 

implies the stop of salt movement.  
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4 Volume estimates 

By using a quantitative approach the salt volume and the initial salt thickness in the central 

and NE sub-basin are estimated. The area of the basin and the salt structures were calculated 

(Figure 4.1). 

 

Figure 4.1: To the left the area of the salt structures and the total basin area of the central and NE sub-basin is listed.  

The distribution and position of the salt structures is shown to the right.  

 

The salt structures are covering an area of approximately 8280 km
2
. The diapir height is 

varying from diapir to diapir, in addition to variations along the diapir strike. The average 

diapir height is estimated to 4 s (twt). The average velocity from seabed to Top Permian is 4 

km/s (Faleide, pers. comm., 2016) resulting in an average diapir height at 8 km. The area of 

the diapirs is measured at the widest part near the Base Cretaceous level. By assuming 

columnar diapirs the total salt volume of the salt diapirs is 34717 km
3
. However, the salt 

diapirs are not columnar and the volume is thus an overestimate (Figure 4.2). The volume 

reduction for salt overhang is set to 20%, resulting in a total salt diapir volume of 27774 km
3
.  

 

The thickness of the salt pillows and the Veslekari Dome are varying considerably along 

strike. An average maximum thickness along the strike is estimated using a salt velocity at 5 

km/s (Table 4.1). Additionally, the thickness of the salt pillows is reaching zero at the pinch-
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out (Figure 4.2). A volume reduction percent based on the geometry of the salt pillow was 

used to estimate the volume of each salt pillow (Table 4.1). The salt pillows have different 

shape and thereby different volume reduction factors were used. 

 

Figure 4.2: Left: The salt diapirs in the Nordkapp Basin do not have at columnar shape, but have developed small 

overhangs. The volume estimates need to be reduced for the overhangs. Right: The thicknesses of the salt pillows are 

varying considerably and is reaching zero at the pinch-out. 

 

The estimated total volume of salt in the central and NE sub-basin is 31 707 km
3
, 

corresponding to a uniform thickness of 2.12 km covering the basin area.  

 

Table 4.1: List of average salt pillow heights and salt velocity that were used to depth-convert 

Pillow name Average max 

thickness (km) 

Volume reduction 

for shape 

Volume (km
3
) 

P2 0.6 70% 503 

P3 1.5 60% 704 

P4 0.65 60% 162 

P5 1.7 60% 237 

P6 0.4 70% 22 

Veslekari-Dome 3.0 60% 2302 

Total volume salt pillows (km
3
) 3933 km

3 
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5 Discussion 

In the following chapter the development of the Nordkapp Basin with particular focus on the 

interplay between faulting and halokinesis is discussed, starting with the Carboniferous rift 

architecture. It is crucial to understand the basin configuration at the time of salt deposition in 

mid-Carboniferous to early Permian. The salt deposition with estimated volume and thickness 

will be evaluated with emphasizing the initial thickness and how the basin configuration 

influenced the primary distribution of salt. Furthermore, the growth history and timing of the 

salt structures are evaluated. The regional development of the Nordkapp Basin is presented 

with emphasizing the triggering mechanisms for halokinesis. 

 

5.1 Carboniferous rift architecture 

The Nordkapp Basin has been described as a fault-controlled basin that developed in Late 

Paleozoic time. In the Late Paleozoic the southwestern Barents Sea developed as a rift zone 

(Gabrielsen et al., 1990; Breivik et al., 1995; Gudlaugsson et al., 1998). The rift zone was 

characterized by interconnected and segmented basins with segments characterized by half-

graben geometries (Gudlaugsson et al., 1998). West of the study area N-S strike is the 

dominating structural grain. Structural elements here include the western rift basins (e.g. the 

Tromsø Basin, Bjørnøya Basin and Sørvestnaget Basin). In the eastern Barents Sea the Late 

Paleozoic structural elements is striking NE-SW and the Nordkapp Basin is the easternmost 

of those. The interference between N-S and NE-SW strike resulted in a fan-shaped pattern of 

structural elements (Gudlaugsson et al., 1998).  

 

Sub-salt faults that are assumed to be of Carboniferous age are identified at both basin 

margins in the Nordkapp Basin and in the surrounding platform areas (Figure 3.16). The 

structural style of the margins indicates that the northern Nordkapp Basin was a fault-

controlled basin in the Carboniferous. The lack of horizontal continuity between the identified 

Carboniferous faults makes it challenging to identify the geometry of the rift architecture. The 

observations do however imply the existence of graben and half-graben geometries.   

 

Both margin faults of the SW sub-basin, as defined here, dip towards southeast at sub-salt 

level (Figure 3.16). The Nysleppen Fault Complex and Norsel High is the high relief margin. 
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The half-graben architecture of the SW sub-basin has previously been described in several 

papers (Gabrielsen et al., 1990; Dengo and Røssland, 1992; Gabrielsen et al., 1992; Koyi et 

al., 1993; Gudlaugsson et al., 1998). The faults along the southern margin shifts polarity in the 

central sub-basin in that they dip towards the north and northwest in the Thor Iversen Fault 

Complex (Figure 5.1). The strike of the northern margin turns from NE-SW to N-S to ENE-

WSW, but the polarity remains the same, dipping east, southeast and SSE. The central sub-

basin has a symmetric style and graben architecture (Figure 5.1, Figure 3.12).  

 

The present salt distribution in the central sub-basin is characterized by salt structures that are 

sub-circular and/or elongated (as seen in the map view) along strike of the margins (Figure 

3.19). The general outline of the salt distribution defines a large circular feature, covering the 

central parts of the sub-basin. This salt distribution implies graben architecture with a relative 

symmetric evolution and great subsidence on each side of the basin. 

 

In the NE sub-basin, the sub-salt faulting at the southern margin is striking NE-SW, but loses 

its characteristic fault style farther north (Figure 3.16).  The faults situated underneath salt 

pillow P5 at the northern margin are associated with minor fault displacement and distinct 

fault blocks are not identified (Figure 3.14). On the regional scale the configuration of the 

present salt is characterized by a gradual change from the numerous sub-circular and 

elongated salt structures in the central sub-basin to one distinct NE-SW striking salt wall 

(W3) in the northeastern part of the NE sub-basin (Figure 5.1). The southwestern part of the 

NE sub-basin, as well as the central – NE sub-basin transition, has an intermediate pattern 

with closely-spaced elongated salt structures. In addition to the major salt wall W3, the 

Polstjerna Fault Complex is associated with the extensive salt pillow P3 (Figure 3.19). The 

present salt distribution implies that the initial salt thickness was greater at the northern side 

of the sub-basin than at the southern side. The subsidence and accommodation space at the 

time of salt deposited were controlled by the Carboniferous rift. In that way, the present salt 

distribution suggests half-graben geometry in the northern part of NE sub-basin (Figure 5.1). 

 

During continental rifting arrays of horst, graben and half-graben geometries develop. 

Rosendahl (1987) described the morphology and structure of the East African Rift system as 

linked half-graben units. Similarly the Nordkapp Basin might have evolved by linkage of 

half-grabens (Figure 5.1). Linkage between the opposing half-grabens (i.e. Nysleppen Fault 

Complex and Thor Iversen Fault Complex) would result in apparent graben geometry in the 
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central sub-basin (Figure 5.1). Similarly, the southern part of the NE sub-basin might have 

evolved as linkage between two opposing half-grabens (i.e. Thor Iversen Fault Complex and 

Polstjerna Fault Complex), but with a narrower overlap zone (Figure 5.1). A narrower basin is 

developed due to the closer spacing between the fault complexes. The northern part of the NE 

sub-basin is interpreted as the continuation of the half-graben that are controlled by the 

Polstjerna Fault Complex. Half-graben linkage is associated with accommodation zones that 

controlled the initial salt deposition (Figure 5.1).  

 

 

 

 

 

Figure 5.1: Possible Carboniferous rift architecture in the Nordkapp Basin. Each half-graben have a horizontal 

component of subsidence that is largest in the central parts of the fault system. Linkage of the opposing half-grabens 

Nysleppen and Thor Iversen Fautl complex resulted in great subsidence on each side of the central sub-basin and the 

development of a hinged high in the transfer zone. A similar development is suggested for the southern part of the NE 

sub-basin, where Thor Iversen Fault Complex and Polstjerna Fault Complex overlap in a narrower zone compared to 

the central sub-basin. Half-graben geometry is suggested for the northern part of the NE sub-basin. The position of 

cross-sections is shown in the figure. The illustration is based on Rosendahl (1987). 
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5.2 Salt deposition 

The Carboniferous rift is buried by syn-rift deposits (Gudlaugsson et al., 1998). The rifting 

was followed by regional subsidence and sediments accumulated in a regional sag basin 

(Gudlaugsson et al., 1998). The paleoclimate changed from warm and humid in early 

Carboniferous to warm and arid in the late Carboniferous, favorable for evaporite 

precipitation (Stemmerik, 2000). In Gzelian Asselian/Sakmarian time evaporites developed in 

the Late Paleozoic basins and carbonate buildup grew on the margins (Gérard and Buhrig, 

1990). The salt pillows at the Nordkapp Basin margins are correlated to the Gipsdalen Group 

in well 7228/9-1 (Figure 3.23). The Gipsdalen Group was deposited in mid-Carboniferous to 

early Permian (Larssen et al., 2002). On the surrounding platform areas (the Bjarmeland 

Platform and the Finnmark Platform), the Gipsdalen Group is dominated by mixed carbonates 

and siliciclastic lithologies (Larssen et al., 2002).  

 

Gérard and Buhrig (1990) mapped the evaporites and carbonate buildups that were deposited 

during Gzelian-Asselian time. The thicknesses and facies distributions correlate well with the 

Carboniferous rift structures, where the Nordkapp Basin, the Ottar Basin and the Maud Basin 

were depocentres for evaporites and the highs and basin margins were sites for carbonate 

buildups (Gudlaugsson et al., 1998). This facies pattern is observed in the central and NE sub-

basin (Figure 3.13). The correlation between the rift-basins and the facies implies deposition 

in a subsiding sag basin that were driven by thermal subsidence following the Carboniferous 

rifting (Gudlaugsson et al., 1998).  

 

By using a quantitative approach the salt volume in the central and NE sub-basin was 

estimated to 31 707 km
3
 corresponding to average thickness of 2.12 km covering the basin 

areas (see chapter 4). The marginal salt pillows are disconnected from the salt diapirs in the 

Nordkapp Basin, but the salt structures do however seem to pinch out at a similar stratigraphic 

level within the Gipsdalen Group, suggesting one salt layer (Figure 3.31). Faleide et al. (1984) 

suggested two salt layers farther west in the SW sub-basin, but in the central and NE sub-

basin only one salt layer is identified. Salt deposition in a sag-basin driven by the Late 

Paleozoic rifting, would result in depocenters controlled by the Carboniferous rifting and a 

non-uniform deposition within the Nordkapp Basin.  
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The accommodation was greatest in the central parts of the fault systems. Nevertheless, if the 

subsidence along the half-grabens compete for the same area, an antiformal-type hinged high 

develop (Figure 5.1) (Rosendahl et al., 1986). The result is apparent graben morphology and a 

hinged high. An illustration of one of many possible rift architectures in the central sub-basin 

is shown in Figure 5.2. In this case, subsidence is nearly the same at both bordering fault 

system and synthetic faults develop in the hangingwall. The salt would accumulate in local 

depocentre and the salt thickness was probably greatest close to the border faults (i.e. Thor 

Iversen Fault Complex and Nysleppen Fault Complex) (Figure 5.2). The hinged highs may 

explain the relative systematic present salt distribution which is generally situated near the 

basin margins and separated by rim syncline strata in the central parts of the sub-basin (Figure 

3.12, Figure 5.1).  

 

 

 

Figure 5.2: Cross-section of the transfer zone between two facing half-grabens. This is potential rift morphology in the 

central sub-basin between the Nysleppen Fault Complex (NFC) and Thor Iversen Fault Complex (TIFC) (Figure 5.1). 

A hinged high develop in the central parts of the apparent graben due to space problems. The result would be two 

large depocenter for salt accumulation that is separated by the hinged high. The illustration is based on Rosendahl et 

al. (1986); Rosendahl (1987). 

 

Half-graben architecture along the Polstjerna Fault Complex would result in significant higher 

initial salt thickness close to the bordering fault system (Figure 5.3). There are several 

alternatives for the rift morphology. An example of a half-graben with antithetic faults in the 

hanging wall is shown in Figure 5.3. The salt would accumulate close to the border fault 

system (Polstjerna Fault Complex) and the thickness would decrease towards the southern 

side of the sub-basin. 
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The observations in chapter 3.6 regarding the salt pillows, implies minor lateral salt 

movements from the platform towards the basin margins (Figure 3.23). The exact position of 

the platform end of the salt pillow is not easily identified due to a gradual seismic facies 

change (Figure 3.23). Evidence for lateral salt flow from the platform areas towards the 

pillows is not quantified, but minor salt flow from the Finnmark Platform towards the margin 

is enhanced by observations regarding small thickness difference between maximum salt 

pillow thickness and the thickness where the seismic facies change at the platform (Figure 

3.23). The gradual facies change implies that the initial salt layer extended to the margins and 

a few km into the platforms (Figure 5.2, Figure 5.3). 

 

 

 

Figure 5.3: Half-graben geometry with antithetic faults in the hanging wall. The architecture is a possibility for the 

northern parts of the NE sub-basin where Polstjerna Fault Complex (PFC) is the border fault system (Figure 5.1). 

The result would be a large depocenter for salt accumulation close to the Polstjerna Fault Complex. The illustration is 

based on Rosendahl et al. (1986); Rosendahl (1987). 
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5.3 Salt movements 

The halokinetics was dated by studying the shape of the salt structures and the growth strata 

in the associated rim synclines. The mapped Triassic sequences in chapter 3.7 (rim syncline 

sequences) were tied to neighboring wells in chapter 3.3. In this chapter the sequences are 

referred to as their correlative age being; S1: early Induan, S2: late Induan, S3: Olenekian, S4: 

Anisian to early Ladinian and S5: Ladinian to late Triassic (Figure 3.10). Note that a thin 

package of Jurassic strata may be a part of sequence S5 (see chapter 3.3). 

 

The regional sequence stratigraphic framework of the western Barents Sea that was presented 

by Glørstad-Clark et al. (2010) was used to correlate the observations within the Nordkapp 

Basin to the regional development in the western Barents Sea (Figure 3.10). Regional 

observations and interpretations of the Triassic sequences are part of Glørstad-Clark et al. 

(2010); Glørstad-Clark et al. (2011) stratigraphic framework unless otherwise is stated.  

 

5.3.1 Permian 

The salt sequence is overlain by Permian carbonates. The Permian carbonate succession is 

characterized by uniform thicknesses in the Nordkapp Basin and surrounding platform areas 

(Figure 3.23), hence is a pre-kinematic sequence deposited prior to the onset of salt 

movements. The Permian carbonates that developed in the Nordkapp Basin were part of a 

regional carbonate platform extending from Arctic Russia to Sverdrup Basin in Arctic Canada 

(Smelror et al., 2009). Siliciclastic sediment thickness increases upwards in the Permian 

succession (Gudlaugsson et al., 1998) and in the Late Permian the carbonate deposition ended 

and siliciclastic deposits were sourced from the Uralian Mountains in the southeast and 

landmasses to the south (Glørstad-Clark et al., 2010).  High sedimentation rates followed 

during the Triassic. 
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5.3.2 Triassic 

Induan 

The Induan sequences correlate to the Havert Formation (Figure 3.10). In the Nordkapp 

Basin, the Induan sequence is divided into a lower and upper sequence (Figure 3.10). The 

lower Induan sequence has nearly uniform thickness across the Nordkapp Basin. The lower 

Induan sequence does however thin towards salt wall W3 and the diapir systems DS2 and 

DS6 (Figure 3.29, Figure 3.32). This implies an early pillow stage, but most of the salt diapirs 

do not show evidence for pillow stage at this time. The lower Induan sequence is interpreted 

to be pre-kinematic, deposited prior to the salt movement (Figure 5.4). 

 

 

Figure 5.4: Timing and evolution of salt structures in the central and NE sub-basins. Thick line: Diapir growth and 

margin pillow formation. Black line: Overhang development. Dashed line: Uncertainties related to the exact time of 

end of diapirism. Chronostratigraphy and lithostratigraphy are from Glørstad-Clark et al. (2010). 

 

The first indications of diapirism are identified in the upper Induan sequences by the 

development of a secondary rim syncline characterized by a significant thickness increase 

towards the salt diapirs (Figure 5.4). The observations are localized both in the western part of 

the central sub-basin in the laterally extensive salt diapir system DS1 (Figure 3.28, Figure 

3.30) and in the rim syncline sub-basins close to the two major salt walls W1 and W3 in the 

NE sub-basin (Figure 3.31). The start of salt migration in the salt diapir system DS1 and the 



Discussion 

103 

 

salt walls W1 and W3 are dated to late Induan (Figure 5.4). In other parts of the Nordkapp 

Basin the upper Induan sequence is reflecting relative stable conditions and salt induced 

depocenters were absent (Figure 3.29). This implies that the late Induan were a time with 

local differences in salt movement. Some of the salt diapirs were starting to develop, while 

others were still inactive (Figure 5.4). The upper Induan sequence thins significantly above 

the major salt pillows (Figure 3.32) and salt pillow formation is interpreted to start in the late 

Induan (Figure 5.4). The timing of the smaller pillows is challenging to detect, probably due 

to the small mass displacement. The salt pillows are however interpreted to develop at the 

same time. The salt migrating were probably mainly from the basin towards the margins, but 

lateral salt flow from the platform areas cannot be ruled out.  

 

In the western Barents Sea, the Induan sequence thin from east to west and from south to 

north (Figure 5.5) (Glørstad-Clark et al., 2010).  The prograding system has been identified on 

the platform areas surrounding the Nordkapp Basin (Figure 3.14). The deepest part of the 

sequence is marking the initial progradation of siliciclastic sediments into the Norwegian 

Barents Sea (Glørstad-Clark et al., 2010). The sediments were mainly sourced from the 

Fennoscandia Shield in the south and did not reach the Nordkapp Basin (Figure 5.5). The 

upper part of the sequence was sourced from southeast, implying that the basins in the 

Russian Barents Sea were filled and the sediments were transported to the Norwegian Barents 

Sea. The southeastern sediment source was most likely the Uralian Mountains (Glørstad-

Clark et al., 2010). In the northern and western part of the Barents Sea the accommodation 

space was greater, resulting in a thin or absent Induan sequence. On the contrary, the 

Bjarmeland Platform was a depocenter for sediment deposition (Glørstad-Clark et al., 2010) 

(Figure 5.5).  

 

High sedimentation rates during the Induan resulted in great thicknesses of the sequences in 

the Nordkapp Basin (Figure 3.9). The high sedimentation rate is implying that the Nordkapp 

Basin was part of the regional depocenter sourced from the southeast (Figure 5.5). The salt 

diapirs had a nearly columnar shape in the late Induan and were growing by downbuilding 

(Figure 3.28, Figure 3.30, Figure 3.31). This indicates that the sediment accumulation rate 

exceeded the rate of the diapir rise (Vendeville and Jackson, 1991).  
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Figure 5.5: Regional time-thickness map of the Induan sequence to the left and the Olenekian sequence to the right. 

The Base Cretaceous time-structure map is added to visualize the study area and the salt structures. Both time-

structure maps are modified from Glørstad-Clark et al. (2010). Note the large thicknesses in the Nordkapp Basin and 

high sedimentation rates.  

 

Olenekian 

The Olenekian sequence correlate to the Klappmys Formation (Figure 3.10). In Olenekian 

time the salt diapirs in the Nordkapp Basin were growing vertically resulting in significant 

sediment thicknesses in local depocenters induced by salt withdrawal close to the salt diapir 

systems. All the salt diapirs within both the central and NE sub-basin were growing vertically 

during the Olenekian (Figure 3.28, Figure 3.29, Figure 3.30, Figure 3.31, Figure 3.32, Figure 

5.4). The Olenekian time is interpreted as the main period of diapirism due to the common 

salt diapir development and the major sedimentary wedges deposited in the secondary rim 

synclines.  

 

In the western Barents Sea the Olenkian sequence thin from east to west and south to north 

and the Bjarmeland Platform was still a depocenter for sediment accumulation (Figure 5.5). 

The Bjarmeland Platform and the Nordkapp Basin were mainly sourced from the southeast. 
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The seismic facies at the Bjarmeland Platform is generally parallel characterized by 

discontinuous low amplitude reflections which is interpreted as shallow water to continental 

deposits (Glørstad-Clark et al., 2010). The Finnmark Platform and Hammerfest Basin were 

sourced from both south and southeast (Glørstad-Clark et al., 2010). The sediments sourced 

from the south do not seem to reach the central and NE sub-basin (Figure 5.5). 

 

The sedimentation rates were high in the Olenekian (Figure 3.9) and exceeded the rate of 

diapir growth, which resulted in vertical rise of the diapirs. The salt diapirs controlled the 

sediment distribution in the Nordkapp Basin in Olenekian time. The upper boundary of the 

Olenekian sequence, corresponding to the top of the Klappmys Formation, is an unconformity 

that can be identified in all rim syncline sub-basins by toplap terminations (Figure 3.28, 

Figure 3.29, Figure 3.30, Figure 3.31, Figure 3.32) The unconformity represents the end of 

the Olenekian salt movement phase. 

 

Triggering mechanism 

The triggering mechanism for the salt movement in the Nordkapp Basin is debated. High 

amounts of sediments were transported from the southeast in Induan and Olenekian (Figure 

5.5), resulting in high sedimentation rates (Figure 3.9). It is likely that the rapid influx of 

sediments played an important role in triggering the salt diapirs by initiate differential loading 

in the Nordkapp Basin (Figure 5.6).  

 

Other authors (Koyi et al., 1993; Nilsen et al., 1995) suggested that regional extension 

triggered the salt movement. The regional Late Permian – Early Triassic extension did affect 

N-S trends in areas located farther west in the Barents Sea. The regional extension occurred a 

bit earlier than the start of salt movements. Still, faulting in the Olenekian is identified (Figure 

3.32) which is implying that extension played a role. In that case, the position of the salt 

diapirs would be controlled by position of overburden faults. The faulting does however not 

explain the onset of salt movement in late Induan.  

 

The triggering mechanism for the Triassic salt movement in the Nordkapp Basin is likely to 

be a combination sediment loading and extension. The high rates of prograding sediments 

from southeast initiated differential loading on the salt layer and potential extension were 

thinning and weakening the overburden. Both mechanisms would result in differential loading 

on the salt layer, which eventually caused the salt to flow upwards.  



Discussion 

106 

 

 

 

Figure 5.6: Pure spreading models. Upper left (stage 1): the salt layer is initially covered by a thin sedimentary cover. 

Right (stage 2): Experimental model of two prograding wedges that initiate differential loading on the salt layer. The 

figures are from Brun and Fort (2011). 

 

Anisian to early Ladinian 

Anisian to early Ladinian sequence correlate to the Kobbe Formation (Figure 3.10). In the 

Anisian to early Ladinian the salt movements differ from rim syncline sub-basin to rim 

syncline sub-basin. The salt diapir system DS1 and the salt walls W1 and W3 is widening and 

developing small overhangs during the Anisian to early Ladinian (Figure 3.28, Figure 3.30, 

Figure 3.31, Figure 5.4). The salt diapir systems DS2, DS6 and DS9 and the salt diapirs D2, 

D3, D4 and D7 are growing vertical (Figure 3.29, Figure 5.4). The vertical salt movement is 

particularly distinct in rim syncline sub-basin B associated with the salt diapir systems DS2 

and DS6, where the Anisian – early Ladinian sequence is a major wedge with diverging 

reflections and toplap termination that is representing a vertical salt movement pulse (Figure 

3.29). However, the upper part of the Anisian to early Ladinian sequence, the salt diapir DS2 

are expanding resulting in lateral shift in depocenter (Figure 3.29). Generally, the major salt 

structures in the Nordkapp Basin were widening while vertical salt movement is identified in 

the salt structures that are smaller.  

 

Indications of continued pillow growth are not identified in the Anisian - upper Ladinian 

sequence (fig 3.30. The migration of salt towards the basin margins and salt pillows was 

probably cut off and the salt migration was primarily upwards in the salt diapirs. The present 

margin salt pillows are thus detached from the salt diapirs (Figure 3.28, Figure 3.30, Figure 

3.31). 
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In the western Barents Sea the Anisian-early Ladinian sequence is generally thinning to the 

east, which is the opposite of the underlying sequences (Figure 5.7). The main sediment 

source is located in the southeast, but a southern source is observed at the Finnmark Platform 

(Glørstad-Clark et al., 2010). The Anisian – early Ladinian sequence is thin on the 

Bjarmeland platform and the area was dominated by mainly sediment bypass in the Anisian to 

early Ladinian (Figure 5.7). The sediments were deposited farther west and northwest in more 

local depocenters situated towards the paleo-Loppa High, western part of the Ottar Basin and 

into the Maud Basin (Glørstad-Clark et al., 2010).  

 

 

Figure 5.7: Regional time-structure map of Anisian to early Ladinian. The Base Cretaceous time-structure map is 

added to visualize the study area and the salt structures. Note the smaller thickness of the Anisian-early Ladinian 

sequence compared to the Induan and Olenekian sequences in the Nordkapp Basin (Figure 5.5). The sedimentation 

rate in the Nordkapp Basin is decreasing. The figure is modified from Glørstad-Clark et al. (2010) 

 

The sedimentation rates in the Nordkapp Basin decreased in the Anisian to early Ladinian 

(Figure 3.9). The Nordkapp Basin was probably a site for mainly sediment bypass comparable 

with the Bjarmeland Platform. The rate of diapir rise in the major salt structures exceeded the 

sedimentation rate, resulting in widening and development of small overhangs (Figure 3.30, 

Figure 5.4). The ongoing salt movement within the smaller salt structures did not exceed the 
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sedimentation rate, resulting in vertical salt flow (Figure 3.29, Figure 5.4).  This was probably 

due to restricted salt supply in the smaller salt diapirs and salt-induced local sediment sources 

were probably providing sediments that accumulated in the rim syncline depocenters.  

 

Ladinian to late Triassic  

The Ladinian to late Triassic sequence correlates to the Snadd and Fruholmen formations 

(Figure 3.10), but note that a thin package of Jurassic strata may be a part of this unit (see 

chapter 3.3). At the onset of Ladinian- late Triassic, the salt movements within the central and 

NE sub-basin decreased further or stabilized. Evidence for continued diapir growth is best 

resolved at the northern side of the central sub-basin near the salt diapir systems DS2 and 

DS6. However, the salt diapirs grew more laterally causing diapir expansion and small 

overhangs. As a result, the depocenters migrated more distal to the salt diapirs (Figure 3.29). 

Small overhang development is also seen in the salt diapirs D2, D3, D4 and D7 (Figure 3.32) 

and the salt diapir system DS9. The major salt structures (DS1, W1 and W3) stabilized in the 

early Ladinian (Figure 3.30, Figure 5.4).  

 

In the western Barents Sea the Ladinian to Early Carnian time-thickness map is showing 

thinning towards the east (Figure 5.8). A transgression marks the onset of the sequence 

(Glørstad-Clark et al., 2010). Depocenters were developed in the west close to paleo-Loppa 

High (Figure 5.8). The sequence is charaterized by parallel to transparent reflection patterns in 

east indicating continued bypass of sediments. Further west and northwest the sequence has 

clinoform geometries, representing distal shelf deposits.  An internal regressive surface marks 

the onset of discontinuous, high amplitude and parallel reflections which is interpreted as 

continental deposits with an increase of channel features (Glørstad-Clark et al., 2010). The 

Ladinian to early Carnian correlates to the lower part of the Snadd Formation (Figure 3.10). 

 

The upper Triassic succession in the western Barents Sea does not correlate well to the 

lithostratigraphy (Glørstad-Clark et al., 2010). The sequence does however correspond to the 

upper part of the Snadd Formation and the entire Fruholmen formation (Figure 3.10). The 

regional upper Triassic sequence is terminating at the Base Cretaceous Unconformity; hence 

the time-thickness map is modified by erosion occurring after deposition (Figure 5.8). The 

main depocenter in the late Triassic is the Svaldbard Platform and paleo-Loppa High. The 

Bjarmeland Platform was still an area for sediment bypass (Figure 5.8). The sequence is 
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prograding to the west and northwest in addition to eastward prograding over the paleo-Loppa 

High. The southern part of the western Barents Sea has few clinoforms, which is a reflection 

of the overall shallowing upwards characteristic of the Triassic succession. 

 

 

 

 

Figure 5.8: Regional time-structure map of Ladinian to early Carnian to the left and upper Triassic to the right. The 

Base Cretaceous time-structure map is added to visualize the study area and the salt structures. Note that the 

thickness of the Ladinian-early Carnian sequences is thinner than the Anisian-early Ladinian in the Nordkapp Basin 

(Figure 5.7). The sedimentation rate decreases further. The figure is modified from Glørstad-Clark et al. (2010). 

 

The diapir growth rates in the salt diapirs DS2, D3, DS9 and D7 were higher than the 

sedimentation rate during the Ladinian to late Triassic when the sedimentation rates decreased 

further (Figure 3.9, Figure 3.29). These salt structures were developing small overhangs and 

may have penetrated the seabed at this time (Figure 5.4). The salt structures DS1, W3 and W1 

were inactive throughout the early Ladinian to late Triassic (Figure 3.28, Figure 3.31, Figure 

5.4). The reason for this is difficult to address, but a possible explanation could be cap rock 

formation at the roof of the salt structures DS1, W3 and W1 that would resist further diapir 

growth. Another possibility is less salt supply available for these major structures in the late 
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Triassic. The earlier overhang development could have influenced the salt supply (Figure 

5.4). The burial history of the salt structures would also influence the timing of stop of salt 

movement. The major salt structures may have been depocenters for sediment accumulation, 

resulting in burial of these structures prior to the less extensive salt structures.  The uppermost 

part of the Ladinian - upper Triassic sequence has nearly uniform thicknesses and onlap the 

salt diapirs, implying the end of Triassic diapirism (Figure 5.4).  

 

The salt movements and the sedimentation rates correlate well and it is reasonable to believe 

that the primary triggering mechanism for the start of salt movements was the rapid 

prograding Triassic system, corresponding to the Havert and Klappmys formations (Figure 

3.9, Figure 5.4). Furthermore, faulting in Olenekian time implies that extension were an 

additional triggering mechanism. At the time of salt movement ceasing, the sedimentation 

rates had decreased significantly (Figure 3.9), implying that the gravitational instability 

initiated by the prograding Triassic system ceased and the salt diapirs became inactive. The 

salt layer may also been depleted, but later phases of salt movement imply that it still was 

available salt for further diapir growth. 

 

5.3.3 Jurassic and Early Cretaceous 

The Jurassic succession has a small thickness (Figure 3.9). The Jurassic sequence is nearly 

uniform across the basin and is only influenced by later salt movements. Salt movements 

were nor active in the Early Cretaceous. Lower Cretaceous clinoforms are seen prograding 

across the Nordkapp Basin (Figure 3.14). This is reflecting that the Nordkapp Basin was a 

relative flat terrain and salt-induced depocentres and highs were absent. Salt-related normal 

faults are identified at the crest of salt diapirs that are buried by Jurassic and Lower 

Cretaceous strata (Figure 3.24). These faults are however interpreted to develop later and the 

salt diapirs remained stable and inactive throughout the Jurassic and Early Cretaceous.  

 

Regional extension in the Middle-Late Jurassic resulted in block faulting (Faleide et al., 

1993a). The Jurassic succession was eroded, making the conformities within the Jurassic 

succession challenging to detect on seismic data. Basins developed west for the Nordkapp 

Basin when the extension increased during Late Jurassic to Early Cretaceous (e.g. Bjørnøya, 

Tromsø and Harstad basins) (Faleide et al., 1993b). The main basin infill in the Late 

Mesozoic basins was deposited during Early Cretaceous. The northern part of the Barents Sea 
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was associated with magmatism that resulted in regional uplift and southward progradation of 

sediments (Faleide et al., 1984). The regional extension did not reactive the salt structures. 

 

5.3.4 Late Cretaceous and Cenozoic 

At least one second salt movement phase is identified in the Nordkapp Basin. The post-

depositional erosion of the Upper Cretaceous and Cenozoic succession has removed evidence 

for timing of a second salt movement phase. Hence, it is difficult and out of scope to address 

the later phase(s) of salt movement(s). The reactivation of the salt were probably related to the 

seafloor spreading in the Norwegian-Greenland sea (Henriksen and Vorren, 1996). Glacial 

erosion in late Cenozoic time developed the Upper Regional Unconformity  and large 

amounts of sediments were eroded and uplifted (Faleide et al., 2008; Baig et al., 2016). The 

exhumation magnitudes increase significant towards the east and northeastern part of the 

western Barents Sea.  Baig et al. (2016) estimated exhumation magnitudes in the order of 

1500 meters in the Nordkapp Basin area (Figure 5.9).  

 

In the Nordkapp Basin, the Lower Cretaceous and Jurassic strata are truncated by the Upper 

Regional Unconformity. During the glacial erosion, the salt structures were eroded and diapir 

dissolution probably occurred as well. The great amount of erosion is influencing the present 

shape of the salt diapirs, which are today narrowing upwards in the Jurassic and Lower 

Cretaceous succession and subcropping a thin cover of Quaternary glacigenic sediments 

(Figure 3.24).  

 

Figure 5.9: The arithmetic average net exhumation map of estimate maps from sonic logs, shot gathers and vitrinite 

reflectance from Baig et al. (2016). Note the increasing exhumation from west to east and from south to the north. The 

post-erosional glacial sediments should however be added to the net exhumation estimates. The glacial sediments are 

>300 m in the west while in the east and north the sediment thickness is ranking from <50 to 50-100 meters (Baig et 

al., 2016). 



Discussion 

112 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Summary and conclusion 

113 

 

6 Summary and conclusion 

The Carboniferous faults and present salt distribution suggest that the Nordkapp Basin 

evolved by linkage of NE-SW and W-E striking half-grabens. A wide overlap zone between 

the two opposing half-grabens controlled by the Nysleppen Fault Complex and Thor Iversen 

Fault Complex resulted in apparent graben architecture of the central sub-basin. The E-W 

striking sub-basin is characterized by a relative symmetric style with great subsidence that 

govern both the northern and southern margin (i.e. Nysleppen Fault Complex and Thor 

Iversen Fault Complex).  The overlapping half-graben linkage would result in a hinged high 

between the bordering fault systems due to spaced fault overlap (Rosendahl et al., 1986). 

Farther northeast, the NE-SW striking Thor Iversen Fault Complex and Polstjerna Fault 

Complex overlap in a narrower transfer zone. Another sub-basin with apparent graben 

architecture developed that is significantly narrower compared to the central sub-basin. The 

northern part of the NE sub-basin is interpreted as a half-graben that is controlled by the 

Polstjerna Fault Complex.  

 

In the mid-Carboniferous to early Permian salt precipitated in the Nordkapp Basin. A total 

volume of 31 707 km
3
 salt is estimated to have accumulated in the central and NE sub-basins. 

The volume is corresponding to an average thickness of 2.12 km covering the basin areas. 

The initial salt layer probably extended beyond the present graben margins and a few km into 

the surrounding platform areas (i.e. the Bjarmeland Platform and Finnmark Platform). 

However, the initial salt layer was non-uniform and controlled by the rift architecture 

including accommodation zones associated with the Carboniferous rifting. In the overlap zone 

of the opposing half-grabens, the salt thickness was likely greatest close to the bordering fault 

systems and separated by lower salt accumulation in the hinged high area. The half-graben 

setting suggested for the northern part of NE sub-basin would result in great salt thicknesses 

close to the Polstjerna Fault Complex and decreasing thicknesses towards the southern 

margin.  

 

In the Permian the salt layer was covered by carbonates that were part of a regional carbonate 

platform (Smelror et al., 2009). During the Triassic clastic sediments were transported from 

the southeast and the main sediment source was probably the Uralian Mountains (Glørstad-
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Clark et al., 2010). The Nordkapp Basin was covered by the prograding Triassic system and 

high sedimentation rates resulted in deposition of great amounts of sediment. In late Induan 

the salt in the basin center was triggered to flow upwards and towards the basin margins, 

resulting in salt diapirs in the basin and salt pillow formation on the margins. However, not all 

the salt diapirs in the central and northeastern sub-basin developed in the late Induan. The 

main diapir stage was in Olenekian time when all the salt diapirs were rising upwards and the 

salt-induced depocenters controlled the sedimentation in the central and NE sub-basin. Major 

sedimentary wedges deposited in the secondary rim synclines and the Nordkapp Basin was 

still part of a regional depocenter for sediments from the southeast. In the Anisian to early 

Ladinian the salt migrated primarily upwards in the salt diapirs and the marginal pillows were 

probably detached from the source layer. The sedimentation rates decreased in the Nordkapp 

Basin. The diapir growth rate exceeded the sedimentation rate in the major salt structures, 

resulting in overhang development. The less extensive salt diapirs were still mainly rising 

upwards. In early Ladinian time the major salt diapirs stabilized while the other salt diapirs 

developed small overhangs before the salt finally stabilized towards the end of Triassic.  

 

The onset of salt movement in the central and NE sub-basin correlates well with the high 

sedimentation rates, implying that the prograding Triassic depositional system played a major 

role in the triggering of the salt by initiating differential loading. However, extension as a 

triggering mechanism cannot be ruled out and most likely the salt was triggered by a 

combination of both. At the time of salt movement stop, the sedimentation rates were 

significantly lower. The differential loading initiated by the Triassic system stabilized and the 

salt diapirs were buried. In the Jurassic and Early Cretaceous the salt diapirs remained 

inactive. The Nordkapp Basin was a relative flat terrain allowing the Lower Cretaceous 

sediments to prograde across the basin. However, the Jurassic and Cretaceous strata is domed 

and faulted by later diapirism event(s). It is difficult and out of scope to address later salt 

movement due to the establishment of the Upper Regional Unconformity during uplift and 

erosion in late Cenozoic. However, salt-reactivation is distinct by intrusion of upwards 

narrowing salt diapirs in the Jurassic and Lower Cretaceous strata as well as salt-related faults 

above the buried salt diapirs.  
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