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Abstract 

The Alke structure is a domal feature located in the hangingwall of the Troms-Finnmark Fault 

Complex in the southern part of the Hammerfest Basin, offshore northern Norway. This work 

represents a detailed structural analysis of the Alke structure in order to understand the genesis of 

the structure by utilizing 2D Seismic data and depth converted 3D seismic data along with 

available borehole data. Results from the seismic interpretation were used to model the fault 

geometries and the effect of such geometries on the hangingwall deformation styles in the software 

“2D Move”. The Alke structure is divided into three high standing structural elements H-1, H-2 

and H-3 based on their heights and timing of initiation. Gravitational collapse faults (C-1 to C-8) 

related to H-1 and H-2 in the hangingwall of the Troms-Finnmark Fault Complex nucleated 

contemporaneously with the Alke structure and define three major fault systems striking WNW-

ESE to ENE-WSW representing varying amount of throws (from 110m to 240m). Accommodation 

faults in H-3 were controlled by the growth of H-1, partly related to the gravitational collapse of 

H-3, and strike NE-SW to NW-SE, defining a radial fan fault pattern centered at the Alke structure. 

The doming of the Alke structure affected the depositional style of the hangingwall of the Troms-

Finnmark Fault Complex. The dynamics of the depocenters and local accommodation spaces 

provide useful information about the timing of events related to the Alke structure. High H-1 

initiated in the early Kimmeridgian simultaneously with the onset of extension along the Troms-

Finnmark Fault Complex and it was followed by the initiation of H-2 and H-3 in the Tithonian and 

the early Berriasian times, respectively. The Alke structure ceased developing by the early Aptian 

times. 

Possible mechanisms of formation of the Alke structure are discussed. These include the relay 

ramp, tectonic inversion and the convex geometry of the Troms-Finnmark Fault Complex. Despite 

the close relationship between salt mobilization and domes with radial fault pattern, the model is 

not discussed in detail due to the lack of substantial amount of evaporites in the area. In the present 

work, a convex upward geometry of the Troms-Finnmark Fault Complex in the vicinity of the 

Alke structure is deemed as the most promising model for explaining the formation of the Alke 

structure, although an event of tectonic inversion likely influenced the development of the structure 

in the Hauterivian to the early Aptian. 
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Chapter 1: Introduction and Regional settings 

1.1 Introduction 

The Alke structure (Indrevær et al., 2017; Stewart et al., 1995) is located in the Hammerfest Basin, 

in the southwestern Barents Sea (Figure 1.1). It is a positive feature (as defined at early Cretaceous 

levels) located at the southern margin of the Hammerfest Basin in the hangingwall of the Troms-

Finnmark Fault Complex. Areal extent of the Alke structure is c. 260 km2. Domal feature like the 

Alke structure in general is not commonly associated with extensional regimes. This study aims to 

describe the Alke structure and to understand the influence of its development on the depositional 

pattern in the hangingwall of the Troms-Finnmark Fault Complex. This, in order to report on the 

origin, timing and mechanism(s) of formation of the Alke structure including possible influence 

of tectonic inversion. 

Detailed structural analysis of the Alke structure was carried out by interpreting the available 2D 

and 3D seismic data in combination with the borehole data followed by the simulations in 2D 

Move software tool. First, the overall workflow of the main stages followed during the study will 

be highlighted. Overview of the data and interpretation tools used in the study and then detailed 

procedure of interpretation and comments on lithostratigraphy of the area are presented in Chapter 

2. Chapter 3 is divided in two halves; first half deals with the description results from the seismic 

data including an introduction to important structures and depocenters in the area using reference 

structural map followed by description of the isopach maps with the detailed description of 

depocenters. Seismic data section is closed with the detailed description of faults identified in the 

hangingwall of the Troms-Finnmark Fault Complex and some key observations made from the 

seismic data including the seismic reflections terminations and snake-head structures. Second half 

of Chapter 3 describes results from the backward- and forward modelling from the 2D Move 

software tool. Results described in Chapter 3 are discussed in Chapter 4 starting with the dynamics 

of the depocenters influenced by the development of the Alke structure. Significance of faults in 

the area including the master fault are discussed in connection to the growth of the Alke structure 

followed by the discussion of possible mechanisms that may explain the formation of the Alke 

structure including the relay ramp, tectonic inversion and the convex geometry of the master fault. 
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1.2 Geological setting 

The Barents Sea (Figure 1.1) is a large intracratonic sea comprised of young continental margins 

to the west and north with a series of platforms, basins and highs as a consequence of the opening 

of the Norwegian-Greenland Sea in the Early Tertiary (Figure 1.2) (Faleide et al., 2000, 1993; 

Talwani and Eldholm, 1977). It formed after the ceasing of the Caledonian orogeny in the early 

Devonian through multiple phases of extension that culminated with the final break-up and 

opening of the Atlantic Ocean in the early Cenozoic (Faleide et al., 1984, 2008; Gabrielsen et al., 

1990). Post-Caledonian tectonic events in the Barents Sea are branched into several major rift 

episode events accompanied by some minor tectonic pulses in between. Late Palaeozoic to Early 

Mesozoic rift episode was subdivided in three phases: mid-Carboniferous, Carboniferous to 

Permian and Permian to Early Triassic followed by regional subsidence in Late Triassic in which 

large volumes of sediments accumulated in the basin (Doré, 1991; J. Faleide et al., 2008). The 

Barents Sea extends from the Norwegian-Greenland Sea in the west to Nova Zemlya in the east. 

In the north it is bordered by the Svalbard Archipelago and Franz Joseph Land  (Faleide et al., 

1984; Smelror et al., 2009).  

Post-Caledonian tectonic events in the Barents Sea are divided into several major rift episodes 

accompanied by some minor pulses of tectonic inversion in between. The Late Paleozoic-Early 

Mesozoic rift episode was subdivided into three phases in 1) the mid-Carboniferous, 2) the 

Carboniferous-Permian and 3) the Permian to Early Triassic followed by the regional subsidence 

in the Late Triassic in which large volumes of sediments accumulated in the basin (Doré, 1991; 

Faleide et al., 2008).  

South-western Barents Sea, part of the Barents Sea between Norwegian mainland and Spitsbergen, 

has complicated configuration consists of ENE-WSW fault complexes in center while NNW-SSE 

and N-S structural features to the west where most of the Mesozoic and Cenozoic tectonic activities 

concentrated and covers large volumes of Upper Paleozoic to Mesozoic rocks with three regions 

(Faleide et al., 2000; Gabrielsen et al., 1997, 1990): 

1. Continental margin with three components: a southern sheared margin, a central rifted 

complex and a northern sheared and rifted margin along the Senja Fracture Zone, southwest 

of Bjørnøya associated with volcanism and the Hornsind Fault Zone respectively. Upper 
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Cenozoic thick sedimentary wedge covers a narrow zone of Tertiary beak-up which defines 

the continent-ocean transition. 

2. A province of sub-basins and highs constituting Jurassic, Cretaceous and Paleocene 

(locally) strata and high structural relief between the Svalbard Platform and the Norwegian 

coast. 

3. The Svalbard Platform with horizontal strata from Upper Paleozoic and Mesozoic 

controlled mainly by Triassic. 

Tectonic quiescence characterized the western Barents Sea in the Triassic-Early Jurassic only 

interrupted by the Stappen- and the Loppa Highs, subsidence in the eastern parts of the Barents 

Sea and salt tectonics I the Nordkapp and Maud basins (J. Faleide et al., 2008; Gabrielsen et al., 

1990). The Middle Jurassic marks the onset of the main phase of extension that was diminished in 

the Early Cretaceous with the Late Cretaceous reactivation (Faleide et al., 1993; Gabrielsen et al., 

1990). The main phase of subsidence characterized by a shift of regional stress field from to NW-

SE linked to the northward propagation of the Atlantic rift activity (Faleide et al., 1993). The 

Tromsø Basin developed in response to the Late Jurassic-Early Cretaceous phase of extension 

followed by local subsidence related to salt tectonics(Faleide et al., 1993). 
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Figure 1.1: The location of the western Barents Shelf shown in the bathymetric map of the Arctic Ocean 

modified from the IBCAO bathymetric model). The rectangle shows the location of figure 1.2 depicting 

the main structural elements of the western Barents Shelf. 
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Figure 1.2: Summary of the main tectonic elements in the Barents Sea. Green rectangle displays location 

of the study area in the Hammerfest Basin (Faleide, 2010). 

1.3 Stratigraphic framework: 

The western Barents Sea encompasses the thick sequence of the Late Paleozoic-Cenozoic 

sedimentary rocks along with the basements of the Caledonian origin. Boreholes, which have been 

penetrated up to the Permian strata, suggest the Permo-Carboniferous rocks are comparable to 

those of the Svalbard, the Bjørnøya and the northeast Greenland (Faleide et al., 1993). During the 

Permian, the depositional environment was dominantly marine. Carbonate and evaporitic rocks 

have been observed in Carboniferous-Early Permian sequence (Ronnevik et al., 1982).  
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In the Late Permian and the early Triassic, insignificant reactivations of pre-existing structures 

show that the area of the western Barents Sea was relatively calm at that time. The westerly 

prograding sequence consists of predominantly fine grained clastic sediments that change laterally 

to coarse grained sediments. During the late Scythian time the Hammerfest Basin developed as a 

depocenter having maximum thickness to the southeast while the central and the northeastern parts 

show the westerly prograding clinoforms (Indrevær et al., 2013; Worthing, 1984). 

The Middle-Late Triassic represents the cyclic changes from open marine to continental deposits 

that are seen by upward coarsening of the clastic sediments (siltstone, clay stone, shales and 

sandstones). Deposition over the most part of the Hammerfest Basin took place during the Late 

Triassic that is the time of tectonic quiescence. Eustatic sea level changes, complex the interplay 

of tectonic subsidence and local input of sediments are the controlling factors for cyclic change of 

shaly continental and sandy marine sediments in the Late Triassic and Middle Jurassic. The 

thickness of these sediments increases towards the northwest while the overall shape of the basin 

remains same during that period (L. Berglund et al., 1986). 

During the Middle Jurassic time sandstone (Stø Formation) is deposited due to relative sea level 

rise and this rise continued from the Middle Jurassic to the Oxfordian time. The deposition of 

marine calcareous shales straight after the deposition of sandstone displays a condensed section 

that is resulted from drowning of the nearby sediment source area. Well data shows that the Early 

and Middle Jurassic sequences are deposited prior to the onset of tectonic movements that indicate 

the Early and Middle Jurassic sandstones are not controlled by the tectonic activity. The Late 

Jurassic was the time of deposition of wide spread organic rich shales (the Hekkingen Formation) 

that serve as an important hydrocarbon source rock in the Hammerfest Basin (Rønnevik, 1981). 

In the Early Cretaceous, the Hammerfest Basin was formed as a distinct structural and depositional 

unit that is observed by uplifts, flexures and faults. Several periods of uplifts followed by erosion 

occurred in the basin. In the Hammerfest Basin the northern half has a thicker interval of sediments 

than the southern part due to down faulting along an east-west oriented fault zone in the center of 

the basin. Figure 1.3 shows the general stratigraphic framework of the Barents Shelf (L. Berglund 

et al., 1986). 
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Figure 1.3: Stratigraphy of the Barents Shelf. The tectonic events are listed in the right column along with 

megasequences (modified from Glørstad-clark et al 2010). 

1.4 Structural elements 

1.4.1 Asterias Fault Complex (AFC) 

The E-W striking, down-to-the-south AFC defines the boundary between the Hammerfest Basin 

in the south and the Loppa High in the north (Figure 1.2 and 1.4) (Gabrielsen et al., 1990). Some 
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of the fault segments carry features of inversion and half flower structures with local doming 

(Berglund et al., 1986; Ziegler, 1988; Indrevær et al., 2017). The eastern segment is characterized 

by a monocline affecting the Late Palaeozoic-Mesozoic strata overlying extensional fault(s) below 

(Gabrielsen et al., 1990). The AFC has played an important role in the development of a depocenter 

forming atop of the present day Loppa High in the Late Triassic. The AFC served as a hinge line 

that delineated a northerly basin that has been reactivated later due to the subsidence in the south. 

Syn-extensional tectonic inversion occurred in the early Barremian-early Aptian caused by uplift 

of the Loppa High accommodated by slip along the AFC (Indrevær et al., 2017).fault activity come 

to a holt by the early Eocene (Gabrielsen et al., 1990). To summarize the AFC is mainly interpreted 

s mainly being extensional although tectonic inversion is reported along the fault complex during 

the early Barremian-early Aptian ((L. Berglund et al., 1986; Brekke and Riis, 1987; Indrevær et 

al., 2017). 

1.4.2 Ringvassøy-Loppa Fault Complex (RLFC) 

Ringvassøy-Loppa Fault Complex is situated between 70o50’N, 19o10’E and about 72o20’N, 

19o30’E. RLFC is oriented N-S regionally which is well defined by westerly major faults in the 

complex. The southern part of the fault complex runs the runs through the transition between the 

Hammerfest Basin and Tromsø Basin (Øvrebø and Talleraas, 1977) and joins the Troms- Finnmark 

Fault Complex in south whereas its northern part defines the western boundary of the Loppa High 

and the Polhem Platform (Gabrielsen et al., 1990). The main event of the fault activity across the 

RLFC occurred in the mid Jurassic-early Cretaceous followed by the renewed fault activity in the 

late Cretaceous to Paleogene. Sund et al., (1986) suggested that the RLFC may have been active 

before the Mid Jurassic but due to the poor quality reflection seismic data in the deeper parts of 

the Tromsø Basin it is evident. RLFC is understood as a normal fault system having two detached 

segments of listric faults and possible deeper week zone (Gabrielsen, 1984). 

1.4.3 Hammerfest basin 

The Hammerfest Basin strikes parallel to the coast of Finnmark, northern Norway (Rønnevik et 

al., 1975; Rønnevik and Jacobsen, 1984; Gabrielsen, 1984; Berglund et al., 1986; Gabrielsen et 

al., 1990). The southern part of the Hammerfest Basin is separated from the Finnmark Platform by 

the Troms-Finnmark Fault Complex (Gabrielsen, 1984; Sund, 1984; Gabrielsen and Færseth, 

1989; Gabrielsen et al., 1990; Indrevær et al., 2013). The Asterias Fault Complex and the 
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Ringvassøy-Loppa Fault Complex define the northern and western boundaries with the Loppa 

High and the Tromsø Basin respectively (Gabrielsen et al., 1990). The current outline of the 

Hammerfest Basin was established in the late Jurassic-early Cretaceous extension that overprinted 

topography resulting from the Late Paleozoic rift event. During and after the main rift phase in the 

Hammerfest Basin and the western Barents Sea the area was subjected to inversion (Rønnevik et 

al. 1982; Berglund et al. 1986; Riis et al. 1986; Sund et al. 1986; Brekke & Riis 1987; Gabrielsen 

& Færseth 1989; Wood et al. 1989; Gabrielsen et al. 1990). Significant examples of inversion in 

the southwestern Barents Sea include 1) the uplift of the Loppa High resulted in clockwise bulk 

rotation of the Loppa High around the vertical axis due to differential uplift of the high (Indrevær 

et al., 2016; Wood et al., 1989). 2) The snake-head structures, harpoon structures and the footwall 

cutoffs are identified on eastern side of the Alke structure in the Goliat anticline (Indrevær et al., 

2017; Mulrooney et al., 2017). 3) The sinistral movements along the northern segment and the 

geometry of the northeastern segment may suggest a mild inversion (Gabrielsen et al., 1990; 

Rønnevik et al. 1982; R;nnevik & Jacobsen 1984). 

Figure 1.4: Interpreted seismic section representing the Finnmark Platform and the Loppa Highseparated 

from the Hammerfest basin by the Troms-Finnmark Fault Complex and the Asterias Fault Complex 

respectively. Note the listric geometry of the fault. Reference to the color index for age of sequences 

(Gabrielsen 1992).  

1.4.4 Troms-Finnmark Fault Complex 

The Troms-Finnmark Fault Complex runs parallel along the shoreline of Troms and Finnmark 

which divide the onshore basement rocks and sediments on continental shelf with exception in the 

Troms-Finnmark Platform where a sequence is encountered between TFFC and the crystalline 

basement (Gabrielsen, 1984). The complex represents boundary with landward platform area e.g. 
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the Finnmark Platform to south as displayed in figure 3 and the basinal areas to north such as the 

Harstad Basin, the Tromsø Basin and Hammerfest Basin (Gabrielsen et al., 1990). The TFFC 

comprises of en echelon pattern with smaller faults at platform side and have different trends like 

NE-SW at southern segment where it is less clear but it switches to ENE- WSW at 19oE longitude. 

The complex turns into WNW-ESE orientation at 23o40' which represents offshore extension of 

the Trollfjord-Komaglev Fault Zone (Berglund et al., 1986; Gabrielsen and Færseth, 1989; 

Gabrielsen, 1984; Ziegler et al., 1986). 

The major faults of complex have listric normal fault geometry and concave basinwards with roll-

over structures in the hanging wall and antithetic faults (figure 3) (Berglund et al., 1986; Faleide 

et al., 1984; Gabrielsen, 1984; Ziegler et al., 1986). The TFFC had several episodes of reactivation 

until Eocene after Caledonian Orogeny which in combination with decrease in horizontal gravity 

gradient (between the Hammerfest Basin and the Troms-Finnmark Platform) represents its origin 

in basement (Gabrielsen, 1984; Syrstad et al., 1976). The TFFC is thought to be started out coeval 

with its mainland parallel Vargsundet Fault (Gabrielsen and Færseth, 1988) which was activated 

in Late Caledonian times (Roberts, 1971; Worthing, 1984). The northeastern segment of the fault 

can be tracked to pre-Permian sequence followed by subsidence in Late Jurassic and Early 

Cretaceous with some reactivation of rotated fault blocks reported in southernmost part during 

Late Cretaceous (Gabrielsen et al., 1990). Mostly the TFFC is dominated by normal faults and is 

deep-seated shown by increase in gravity gradient along the lineament (Gabrielsen, 1984). In Late 

Cretaceous to Early Tertiary inversion either due to sinistral strike slip movements as a result of 

westerly gravity movement (Ziegler et al., 1986) or large scale rotation (Gabrielsen and Færseth, 

1989). 

1.4.5 Loppa high 

The Loppa high is a triangular shape sedimentary high with gravimetric and magnetic signature 

(due to underlying shallow metamorphic basement of Caledonian age) surrounded by Hammerfest- 

and Bjornøya Basins to its southern- and northwestern flanks respectively (figures 2 and 3) 

(Faleide and Gudlaugsson, 1981; Faleide et al., 1984). On northeastern side there is no clear 

boundary, however, the Svalis Dome, a major salt dome and its related rim syncline indicate its 

border (Faleide et al., 1984; Kristoffersen and Elverhøi, 1978; Rønnevik, 1981). 
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The southern part of the Loppa High towards the HFB comprises the Southern Loppa High Fault 

System (SLHFS), the ENE-WSW trending hinge zone, which has been an important hinge-line in 

Jurassic times or even earlier that is partly faulted and partly flexured at base Cretaceous level 

(Faleide and Gudlaugsson, 1981; Gabrielsen, 1984). The Asterias Fault Complex, to the southern 

boundary with the HFB, shows increase in thickness of Upper Triassic sequence that characterizes 

Loppa High as depocentre at that time. The Ringvassøy-Loppa- and Bjørnøyrenna Fault 

Complexes define the western border with the Bjornøya Basin (Gabrielsen et al., 1990). 

Since Devonian times, the Loppa High has been reactivated four times at least but the present day 

outline was developed by Late Jurassic to Early Cretaceous and Late Cretaceous-Tertiary 

tectonism (Gabrielsen et al., 1990). Throughout Triassic the Loppa High, together with the 

Hammerfest Basin and the Bjarmeland Platform, was part of a large basin which later formed by 

inversion after Kimmerian rift phase (Faleide et al., 1984). The HFB and Bjornøya basin, during 

regional subsidence started in Mid Jurassic, were subsiding rapidly leaving the Loppa High as an 

elevated stable block in between (Faleide et al., 1984; Gabrielsen et al., 1990). 

1.4.5 Finnmark Platform 

The Finnmark Platform is located just outside on the northern side of the Norwegian mainland, 

covered on its western and northwestern side by Troms-Finnmark Fault Complex and Nordkapp 

Basin illustrated in figures 2 and 3. A clastic and carbonate shelf edge, named as a Mid Permian 

feature by Rønnevik and Jacobsen, 1984 which later referred as a Late Permian development, is 

located at the southern side whereas eastern border is delineated by Tiddlybanken basin. Faults 

only younger than Late Carboniferous with small offsets have been mapped out so far with NE-

SW orientation dominated by rift topography to west and relatively less prominent towards eastern 

side. Thick clastic sediments on the faulted platform surfaces represent rapid subsidence. The 

sediments dip gently to the north and older strata scraped up to the south at the base of the 

Quaternary, owing to the Late Jurassic to Early Cretaceous and Tertiary uplift (Gabrielsen et al., 

1990). Palaeozoic strata are placed with basement outside Mageøy along a major fault that dies at 

the base of the Quaternary (Vorren et al., 1986). 

Precambrian and Palaeozoic rocks underneath the platform are affected by the Caledonian 

Orogeny. Since Late Palaeozoic the Finnmark Platform is expected as tectonically more stable 

element. Early Carboniferous elastics and Late Carboniferous to Permian carbonates marks 
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transition from pre-platform to a platform development and the bending of element to north could 

be related to the Tertiary uplift (Gabrielsen et al., 1990). 

1.4.6 Tromsø Basin 

The Tromsø Basin is a very deep basin located outside Tromsø town between eastern shoulder of 

a faulted structural high termed as Senja Ridge and western side of the HFB divided by a tectonic 

hinge zone with tilted fault blocks known as RLFC (Faleide et al., 1984; Gabrielsen et al., 1990). 

Vesleøy High marks northern boundary with Bjørnøya Basin and the Troms-Finnmark Fault 

Complex in the southeast shown in figure 2. The orientation of the basin is NNE-SSW in which 

most of the faults in the basin, except basin rim faults, have adapted the same direction and are 

younger in relation to marginal faults. Central and southern parts of the basin is dominated by 

chain of faulted deep seated salt diapirs with a major trend of salt structures, oriented NW-SE of 

stock-like projection, which are related to halokinesis and can be detectable in Cretaceous 

succession but basement-detached (Faleide et al., 1984; Gabrielsen, 1984). 

Salt has played an important role in shaping the basin and has been linked to regional subsidence, 

occurred in Cretaceous, in the southwestern Barents Sea (Faleide et al., 1984; Øvrebø and 

Talleraas, 1977). Despite the presence of thick Late Palaeozoic salt sequence it is considered that 

before the deposition of evaporites the basin did not exist due to the thin column of pre-Mesozoic 

sedimentary succession in the sedimentary basin (Gabrielsen et al., 1990; Gudlaugsson et al., 

1987). Tromsø-, Bjørnøya- and Hammerfest Basins may have been together in Late Triassic to 

Early Jurassic times. But due to initiation of faulting in eastern side of the Tromsø Basin in Middle 

Jurassic it was completely separated from Hammerfest Basin in Early Cretaceous. However, it is 

indicated that Tromsø Basin existed rather individually in Palaeozoic which later combined with 

the Bjørnøya Basin and continued so until Late Cretaceous where they are divided due to the lateral 

movements along Bjørnøyrenna Fault Complex (Gabrielsen et al., 1990). Some models relate the 

Mesozoic and Cenozoic development of the Tromsø Basin to extension (J Hanisch, 1984a, b; 

Talleraas, 1979) or shear movements (Brekke and Riis, 1987; Rønnevik and Jacobsen, 1984) 

where the crust almost broke in this part of the Barents Sea (Gudlaugsson et al., 1987). 
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1.4.7 Bjornøya Basin 

The Bjørnøya Basin is elongated NE-SW trending depression which has deeper western side 

bounded by Leirdjupet Fault Complex and shallow eastern side termed as the Fingerdjupet 

Subbasin (Faleide et al., 1984; Gabrielsen et al., 1990; Rønnevik et al., 1982). The basin represents 

characteristics of a half graben with steeply dipping faulted flank of the Stappen high towards the 

basin to northwest and a complex transition to southwest against the Tromsø Basin while to 

southeast surrounded by the Loppa High separated by faulted hinge zone called Bjørnøyrenna 

Fault Complex (Faleide et al., 1984; Gabrielsen, 1984; Gabrielsen et al., 1990).  

The boundaries of the basin has complex configuration with structurally more stable center. Some 

of the authors debated on the presence of the salt diapirs in the basin. Later from new reflection 

seismic data it was concluded that salt structures may be very deep in the basin if there are any. It 

was previously discussed by (Gabrielsen, 1984) that a segment of RLFC separates the Loppa High 

and Bjørnøya Basin. But soon after the northern part of this segment was discovered to be closely 

linked to NE-SW trending lineament defining the southeastern margin of the Bjørnøya Basin so 

that part is included in the Bjørnøyrenna Fault Complex (Gabrielsen et al., 1990). 

The Early Cretaceous subsidence resulted in the Bjørnøya Basin between the Loppa High and the 

Stappen High followed by uplifting of the Stappen High during the Tertiary orogeny on Svalbard 

which tilted northern margin of the Bjørnøya Basin (Faleide et al., 1984; Gabrielsen et al., 1990). 

Before the Early Cretaceous very little is known about the basin but the negative gravimetric 

anomaly associated with the basin suggests that the plaeobasin was there and Ziegler, 1988 

emphasized more by suggesting the basin was active in Late Carboniferous to Permian time. The 

basin can be interpreted as large scale half-graben on the basis of detachment below the Bjørnøya 

Basin (Moretti et al., 1988) and profiles from Rønnevik et al., 1982; Rønnevik and Jacobsen, 1984. 

Some evidences of inversion was encountered in the Bjørnøya Basin in Late Cretaceous and 

Tertiary which makes it uncertain whether the basin is true half graben or current geometry is the 

secondary effect of inversion (Gabrielsen et al., 1990). 
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1.5 Folding in sedimentary basins – conceptual mechanisms 

1.5.1 Folds in extensional regimes 

Folds are most commonly related to events of compressional-, transpressional- and/or salt 

tectonics. However, folds may also form in sedimentary basins through extension, in the 

hangingwall and footwall of major normal faults (Schlische, 1995). Folds in extensional regimes 

are commonly divided into longitudinal and transverse folds. They are described below: 

Transverse folds are folds with their hinge lines perpendicular (or sub- perpendicular) to the fault 

strike and are best observed in fault parallel section. Such folds occur on a variety of scales as they 

form due to along-strike variations in displacement of fault segments. In the case of an isolated 

fault segment, transverse folds form in both the hangingwall and the footwall with fold hinges 

positioned in the areas of maximum displacement. Synclines with hinge lines plunging towards 

the fault form in the hangingwall, while anticlines with hinge lines plunging away from the fault 

form in the footwall (Figure 1.5A.2). In segmented fault systems, transverse folding will develop 

as alternating hangingwall synclines and antliclines, where syncline hinge lines define fault 

segment centers (areas of maximum displacement) and anticlines form where fault segments meet 

up (areas of minimum displacement). Opposite folding will occur in the footwall (Schlische, 

1995). If the area of maximum displacement changes with time, it will result in curved axial 

surfaces of transverse folds. 

Longitudinal folds (reverse drag folds, drag folds, forced folds, and rollover folds) have fold hinges 

that are parallel (or subparallel) to the strike of the fault. Longitudinal folds are best studied in 

fault-strike perpendicular sections (Figure 1.5A.1). 

Reverse-drag folds (Figure 1.5B) have opposite geometry to that of drag folds in which anticlines 

may form in the hangingwall while synclines form in the footwall (Schlische, 1995). They develop 

as an elastic response to decreased displacement away from (perpendicular to) the fault surface. 

They typically affect larger areas than that of drag folds. Drag folds may form through the 

breaching of early monoclines forming atop of faults during early stages (Hancock and Barka, 

1987; Walsh and Watterson, 1987; Mitra, 1993), by frictional drag along the fault surface between 

the hanging wall and footwall (Hatcher, 1995) or even by differential compaction. Drag folds 

forms as anticlines in the footwall and synclines in the hanging wall. (Figure 1.5C) (Schlische, 
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1995). Force folds as defined by Withjack et al., (1990) have the same geometry as the drag folds 

but rather form at the tips of normal faults. They accommodate for the throw of the fault, but are 

not penetrated by fault itself (Figure 1.5C). Rollover folds (Figure 1.5D) are commonly formed in 

thick sedimentary successions by the movement of the hanging wall along listric faults resulting 

in the hanging wall collapsing into the fault (Schlische, 1995). The footwall commonly remains 

undeformed. 

Figure 1.5: A) Idealized geometry of (1) Longitudinal- and (2) Transverse folds (Schlische, 1995). B) 

Reverse drag folds with contractional (-) and dilatational (+) quadrants. Modified from Barnett et al., 1987 

C) Basement Penetrating normal fault with associated drag (forced at the tip) folds from the eastern El-Qa 

plain, Gulf of Suez. Modified from Withjack et al., 1990. D) Rollover fold associated with listric fault. 

Modified from XIAO and SUPPE, 1992. 

1.5.2 Folding through tectonic inversion 

The term tectonic inversion is most comonly reserved for the process where basin-controlling 

extensional faults overturn their movements to compressional forces (figure 1.6A and 1.6B). 

Individual faults in that case may keep extension in depth while at surface it carries evidences of 
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reverse faults as shown in (Figure 1.6C; Williams et al., 1989). It can be recognized when two 

markers in hanging wall of a fault display different elevations above and/or below their respective 

regionals from null point as shown in figure 1.6C and 1.6D. Recognition of synrift sequences are 

crucial for identifying inversion in a basin (Cooper et al., 1989). Tectonic inversion may occur on 

a localized scale which form inversion structures or it can occur on a regional scale indicating the 

entire basin inversion. Localized inversion can be identified by null points, a point that separate 

the segments of faults with normal and reverse slips. Null points in areas of large histories of 

subsidence like the Barents Sea are difficult to find. Alternative ways to identify inversion are: 

inverted depocenter growth wedges, concentrated fault block and deformed faults and inversion 

of basin by secondary contraction deformation which develops snake-head structures and force 

folds. Timing of the inversion can be estimated by the associated accommodation spaces with 

inversion structures. 

Figure 1.6: A and B) Schematic view of sequence before and after inversion, where A, B and C are pre-

rift, syn-rift and post-rift respectively. C) Position of null point and displacement due to contraction and 

extension in contractionally inverted extensional fault to measure inversion ratio, Ri. D) 

Displacement/Distance plot w.r.t null point. Modified from Williams et al., 1989. 
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1.5.3 Tectonic inversion in the southwestern Barents Sea 

Several events of tectonic inversion in the Barents Sea are reported in the literature. They include 

events in the Carboniferous-Permian, latest Triassic-mid Jurassic, late Jurassic-earliest Cretaceous, 

latest Palaeocene-Eocene and Miocene. They are described below. 

1) Latest Jurassic-earliest Cretaceous wrenching at a boundary between Asterias Fault Complex 

and Ringvass;y-Loppa Fault Complex the evidences of inversion has been reported along AFC 

before it was collapsed due to extension (Gabrielsen et al., 1990). The inversion was related to 

strike-slip (Riis et al., 1986; Rønnevik et al., 1982; Rønnevik and Jacobsen, 1984), gravity induced 

dextral shear of sedimentary fill of the Hammerfest Basin (Ziegler et al., 1986) and horizontal 

rotation of the Hammerfest Basin in relation to the Loppa High (Gabrielsen and Færseth, 1988). 

2) Due to westward migration of the Kimmerian fault system and Early Cretaceous reactivation 

the Senja Ridge was inverted at transition of the Tromsø Basin and the Senja Ridge (Faleide et al., 

1984). 

3) The Bjørnøya Basin was locally inverted along Bjørnøyrenna Fault Complex and Stappen High 

during Late Cretaceous and Tertiary (Gabrielsen et al., 1990). 

4) The geometry of northeastern part of the TFFC due to sinistral movements in Mid Jurassic 

(Rønnevik et al., 1982; Rønnevik and Jacobsen, 1984) may indicate mild inversion. There have 

been other evidences of inversion mentioned in section 2.2.3 along TFFC in Late Cretaceous to 

Early Tertiary. 

5) Inversion is recorded also along Bjørnøyrenna Fault Complex with deformed fault planes, 

reverse faults and footwall block deformation (Gabrielsen et al., 1990). 
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Chapter 2: Data and Methods 

This chapter presents an overview of the available data and the interpretation techniques employed 

in this study to delineate the Alke structure. This involved the detailed structural and stratigraphic 

interpretation of available 2D seismic lines (TWT) and depth converted 3D seismic cube in the 

seismic interpretation software “Petrel” and the analysis of outcomes from the seismic data in 2D 

Move. The 2D seismic lines were only used to interpret the master fault that is the Troms-Finnmark 

Fault Complex and use the interpreted geometry to guide us during the interpretation of that fault 

in the 3D seismic cube and compare the fault plane geometries. Figure 2.1 shows the detailed 

workflow for the 2D and 3D seismic interpretation.  

Figure 2.1: The detailed outline of the workflow divided in three main stages followed during the 

interpretation of the Alke structure. 

 

The present study can be coarsely divided in three main stages of interpretation. Stage 1 includes 

the literature review of the Hammerfest Basin and the southwestern Barents Sea. The data loading 

of the depth converted 3D seismic cube and 2D seismic lines (TWT) and quality control, well to 

seismic tie, picking of the appropriate sequence tops for the interpretation and then structural and 

stratigraphical interpretation of the selected sequence tops. Input of stage 1 involved 2D and 3D 
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seismic data that were interpreted and used in stage 2 to produce the key structural maps, thickness 

maps and fault maps and simultaneously the analysis of the generated maps. Other attribute maps 

like RMS amplitude dip azimuth and dip angle maps etc. are produced and analyzed in stage 2. 

Stage 3 was based on the result from stage 2 and was carried out together with the description of 

results (Chapter 3: description and analysis of result). It included the detailed structural analysis 

like transferring the interpreted sequence top of the early Bajocian and the master faults to the 2D 

Move software tool for geometrical analysis of the fault plane and the simulation of horizons 

associated with the fault plane geometry. During this stage structural analysis of the second order 

faults (Gabrielsen, 1984) in the hangingwall of the master fault were carried out. In addition, the 

timing of event related to the Alke structure and evolution of the depositional pattern in the vicinity 

of the Alke structure in the hangingwall of the master fault. 

2.1 Data and interpretation tools 

The data provided in this study includes data from five wells and seismic data from different 

seismic surveys. The general details of the wells and depth of the sequence tops used in this study 

are presented in tables 3.1 and 3.2 respectively. Two computer-based software tools are used, 

namely Petrel 2016 and 2D Move 2017. The Petrel 2016 software tool, developed by the 

Schlumberger Limited (http://www.software.slb.com), was used for 2D seismic lines and 3D 

seismic cube including the interpretation of sequence tops and fault interpretation. The 2D move 

2017 software tool, developed by the Midland Valley Exploration Limited 

(https://www.mve.com/software), was used for structural analysis of the master fault and its 

associated deformed horizons in the hangingwall. 

2.1.1 Seismic data 

Seismic data used in this study is comprised of 2D seismic lines from four different surveys and a 

3D seismic cube (Figure 3.2). The 3D seismic cube of ST09M03 survey provided was depth-

converted using a commercial velocity model (Courtesy of FirstGeo AS). The resolution of the 3D 

seismic data can be classified as “very good” down to 5000m depth and below that the data are of 

moderate quality. The geometries in the depth converted 3D seismic cube and 2D seismic lines 

show good comparison. The 3D seismic cube was used for the interpretation of sequence tops and 

faults in the area. The 2D lines were used only for the interpretation of the master fault to compare 

http://www.software.slb.com/
https://www.mve.com/software


 

21 

 

the geometry of the fault plane with that of 3D seismic cube. The data coverage of the 2D seismic 

lines and 3D seismic cube is displayed in Figure 3.2. 

Figure 2.2: Base map showing the coverage of the 2D seismic lines and the 3D seismic cube used in this 

study. The locations of the wells in the seismic are also shown. The structural elements are taken from the 

NPD FactMaps, 2016. 
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2.1.2 Well data 

Borehole data from wells 7120/12-1, 7120/12-2, 7120/12-3, 7120/12-4, 7120/12-5 and 7120/8-2 

were used to tie the depth-converted 3D seismic cube. Well to seismic correlation of wells 

7120/12-1 and 7120/12-2 is shown in figure 2.3. General information of wells and depths of the 

selected sequence tops for the interpretation from all the wells are taken from the NPD FactPages 

(www.npd.no) and are presented in tables 2.1 and 2.2. Figure 2.2 shows the positions of the wells 

of which 7120/12-4 is the only well located in the footwall of the Troms-Finnmark Fault Complex 

missing, completely missing the Jurassic and Cretaceous sequences. As the Jurassic and Early 

Cretaceous sequences are picked for the interpretation of the Alke structure, this well was not used 

to tie with the 3D seismic cube. Biostratigraphic and well completion reports were used to identify 

the depth of the seismic reflections as shown in figure 2.3. 

Figure 2.3: Well to seismic correlation. The geological timescale is taken from “The Geological Society 

of America”, the lithostratigraphy is taken from npd.no, and depth of the reflections is taken from the well 

completion reports for 7120/12-1 and 7120/12-2. Indrevær et al., (2017); Mulrooney et al., (2017) were 

followed in construction of the chart. 
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Table 3.1: The general information related the wells used in the study area. The information presented in 

the wells are taken from the NPD FactPages (www.npd.no). 

Wellbore 

Name 7120/12-1 7120/12-2 7120/12-3 7120/12-4 7120/12-5 7120/8-2 

NS UTM 

[m] 

7890289.38 7891571.43 7899413.56 7883245.96 7899853.81 7915359.17 

EW UTM 

[m] 

491169.71 492968.97 492041.76 489450.11 496952.15 480927.89 

UTM zone 34 34 34 34 34 34 

Drilling 

operator 

Norsk 

Hydro 

Produksjon 

AS 

Norsk Hydro 

Produksjon AS 

Norsk Hydro 

Produksjon 

AS 

Norsk Hydro 

Produksjon AS 

Eni Norge 

AS 

Den norske 

stats 

oljeselskap a.s 

Entered 

date 

01.06.1980 15.04.1981 16.03.1983 18.02.1984 17.10.2010 15.04.1982 

Completed 

date 

12.10.1980 11.09.1981 05.05.1983 16.04.1984 03.01.2011 29.07.1982 

Content Shows Gas/Condensate Gas Dry Dry Gas 

Discovery 

wellbore 

No Yes Yes No No No 

KB [m] 25.0 25.0 23.0 23.0 23.0 25.0 

Water 

depth [m] 

167.0 164.0 185.0 152.0 187.0 245.0 

TVD [m 

RKB] 

3516.0 4667.0 2522.0 2198.0 3628.0 2590.0 

Oldest 

penetrated 

age 

Middle 

Triassic 

Pre-Devonian Late Triassic Late 

Carboniferous 

Triassic Late Triassic 

Oldest 

penetrated 

formation 

Kobbee Fm Basement Fruholmen 

Fm 

Ugle Fm  

 

Kobbe Fm Fruholmen 

Fm 

 

2.2 Interpretation procedure 

The workflow presented in figure 2.1 was followed during the course of this study. Initial step was 

to load the seismic data and well data into the Petrel 2016 software tool. The general overview of 

the seismic data was carried out using the player tool to get familiar with the data. The pre decided 

key sequence tops (shown in figure 2.3) were recognized in the seismic data using information 

from the borehole data and the seismic data were calibrated with the borehole data. The key 

sequence tops were selected because of their relation to the development of the Alke structure so 

that all the important events in the development of the Alke structure could be covered. As the 

Alke structure was initiated during the Late Jurassic-Early Cretaceous extension event in the 

hangingwall of the Troms-Finnmark Fault Complex, the selected sequence tops cover the period 

from the late Rhaetian to mid Cenomanian. The density of inline and crossline intervals during the 
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interpretation of the selected sequence tops was set based on their reflections quality (see section 

2.3 for details). 

 

Table 3.2: The depth of sequence tops penetrated by wells used in this study. The interpreted sequence tops 

in 3D seismic cube are marked in their respective colors. The information presented is taken from the NPD 

FactPages (www.npd.no). 

 

After the successful interpretation of the selected sequence tops, fault interpretation was carried 

out. The first order faults (the TFFC) and the second order faults (Gabrielsen, 1984) in the 
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hangingwall of the Troms-Finnmark Fault Complex were interpreted. The interval of the inline 

and crossline was kept to 25 for the Troms-Finnmark Fault Complex and faults larger than 10 km 

in length whilst smaller faults were interpreted rather densely with an inline and crossline interval 

of 10. Subsequently, after the interpretation process the attribute maps were generated. These maps 

include key structural maps to understand the lateral extent of faults in the area and thickness maps 

to analyze the dynamics of the depositional pattern influenced by structuring in the hangingwall 

of the master fault. Other attribute maps for quality control and fault plane attribute maps like RMS 

amplitude, dip azimuth and dip angle maps were also produced. The interpreted master fault and 

the early Bajocian reflections was transferred to 2D Move 2016 for further analysis of the master 

fault geometry in depth and simulations of the horizons. Finally the results obtained were described 

(Chapter 3: Description and analysis of results) and discussed (Chapter 4: Discussion). 

2.3 Lithostratigraphy and seismic expressions of the interpreted 

reflections 

The study deals with the Late Jurassic-Early Cretaceous sequences and these sequences are 

missing on the Finnmark Platform therefore well 7120/12-4 could not be used to tie with the 3D 

seismic cube. Nonetheless, this well was correlated across the master fault to calculate the 

approximate vertical displacement along the master fault. 

The oldest interpreted seismic reflections is the top of the Fruholmen Formation (early Rhaetian). 

The Fruholmen Formation consists of grey to dark grey shales at the base and upward transition 

into interbedded sand, shales and coal representing open marine to coastal and fluvial 

environments (fig in chapter 1) (www.npd.no). The seismic reflection quality of the top 

Fruholmen Formation is very poor (Figure 2.4) and it was interpreted using guided tracking tool 

with the inline and crossline interval of 10, this interval had to be reduced to even 5 at some 

locations in the 3D seismic cube. 

The early Bajocian reflections represented by the top of Stø Formation that consists of moderately 

to well sorted mature sandstone thin thin units of shale. The sand represents prograding coastal 

environment and shale layers represent pulse of transgression (www.npd.no). The seismic 

reflection quality is excellent (Figure 2.4) and it was picked using the interval of 25 between inline 

and crosslines in the 3D seismic cube. 
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Figure 2.4: The seismic section displaying the quality of the seismic reflections. 

 

The early Berriasian seismic reflections represented by the top of Hekkingen Formation that 

consists of brownish grey to dark grey shale and claystone and episodic thin interbeds of limestone, 

dolomite and sandstone. The Hekkingen Formation was deposited in marine anoxic environment 

(www.npd.no). The seismic reflections on top of the Hekkingen Formation are very good (Figure 

2.4) and the reflections were picked with moderate grid density with intervals of 25. 
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The early Barremian seismic reflections represented by the top of Kolje Formation that consists of 

dark brown to dark grey shale and claystone with interbeds of limestone and dolomite. The upper 

part of the formation is comprised of siltstone and sandstone. The depositional environment of the 

Knurr Formation is the distal open marine with oxic conditions (www.npd.no). The seismic 

reflections on top of the Kolje Formation are good (Figure 2.4) and the reflections of this interval 

were picked with intervals of 25. 

The middle Barremian seismic reflections represented by the Intra Kolje Formation and these 

reflections are picked for the mapping of onlap configurations and outline of these onlaps on highs 

H-1, H-2 and H-3 of the Alke structure in map view. These reflections are very poor (Figure 2.4) 

and discontinuous and they are picked with the interval of 10 between the inline and crossline. 

The early Aptian seismic reflections represented by the top of Kolje Formation that comprises dark 

brown to dark grey shale and claystone with interbeds of pale limestone and dolomite. Top of the 

formation carries thin interbeds of siltstone and sandstone. This formation represents distal open 

marine environment (www.npd.no). The seismic reflections are weak (Figure 2.4) and 

discontinuous and it was picked with a high density grid of inline and crossline with interval of 10 

and 5 at some locations. 

The mid-Cenomanian seismic reflections represented by the top of Kolmule Formation that 

includes dark grey to green claystone and shale with thin siltstone interbeds and minor limestone 

and dolomite. It represents an open marine environment of deposition (www.npd.no). The seismic 

reflections are moderately strong (Figure 2.4) but the reflection are discontinuous that makes it 

difficult in to track. The reflections were interpreted by keeping 16 or 10 intervals space at some 

locations between inline and crossline. 
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Chapter 3: Description and analysis of results 

3.1 Description of results from seismic data 

The following section gives an overview of the Alke structure as related to the Troms-Finnmark 

Fault Complex, its associated depocenters (DC-1 to DC-4), local accommodation spaces (AS-1 to 

AS-7) and faults (C-1 to C-8 and FP-1 to FP-4). The 3D reflection seismic data were tied to 

available wells (7120/12-1, 7120/12-2, 7120/12-3, 7120/12-5 and 7120/8-2) in the area to identify 

the key sequence tops for the Fruholmen-, the top Stø-, the top Hekkingen-, the top Knurr-, the top 

Kolje- and the top Kolmule formations (Figure 3.1). The structure-contour-map of the top Stø 

Formation (early Bajocian) offers the most complete structural picture and it was selected as a 

reference for the main structural elements in the area (Figure 3.2). It is used to define the structural 

positions of the depocenters and local accommodation spaces identified in the hangingwall of the 

Troms-Finnmark Fault Complex in relation to the Alke structure. The sequence thickness maps 

are used to describe the depocenters and local accommodation spaces in the hangingwall of the 

TFFC along with selected examples of model sequences for depocenters. Second order faults 

(Gabrielsen, 1984) identified in the hangingwall of the master fault (the TFFC) are described using 

the reference structural map and selected examples of fault maps. The last part of the seismic 

section of this chapter deals with some key observations from seismic data related to the 

development of the Alke structure through time. 

3.1.1 Reference Structural Map 

The top of the Stø Formation (early Bajocian) (Figure 3.2) displays the positions of faults and 

major depocenters in the Alke structure area. The master fault, the Troms-Finnmark Fault Complex 

(TFFC), defines the boundary between the Hammerfest Basin and the Troms-Finnmark Platform 

in the study area (Gabrielsen et al., 1990). Its southwestern fault segment strikes NE-SW, 

switching to ENE-WSW at about 19oE longitude(Gabrielsen et al., 1990). In the study area, small 

subsegments of the TFFC strike between NE-SW and ENE-WSW. The southern margin of the 

Hammerfest Basin is the hangingwall of the TFFC here that encompasses the Alke structure 

(Indrevær et al., 2017; Stewart et al., 1995) associated with several depocenters. The Alke structure 

is affected by major and minor faults systems, splitting it into three high-standing structural 

elements based on their heights and timing of initiation termed as H-1, H-2 and H-3 in figure 3.2. 

The -2350 m contour line was chosen as the boundary of the Alke structure at this level. 
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Figure 3.1: Well to seismic correlation. In the right column dynamics of depocenters and extension events through time is given. The geological 

timescale is taken from “The Geological Society of America”, the lithostratigraphy is taken from npd.no, and depth of the reflections is taken from 

the well completion reports for 7120/12-1 and 7120/12-2. Indrevær et al., (2017); Mulrooney et al., (2017) were followed in construction of the 

chart. 
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The development of the Alke structure in the hangingwall of the TFFC has influenced the 

depositional pattern through time in the vicinity of the structure. The accommodations available 

for the sediments in the hangingwall of the TFFC are grouped into two classes, namely depocenters 

and local accommodation spaces. Depocenters are identified on a large-scale with developed basin 

(sag) geometries whereas the accommodation spaces are more like hangingwall half-grabens 

associated with the second order faults (Gabrielsen, 1984) in the hangingwall of the TFFC. Each 

active second order fault identified in the study area accommodate thickness variations in the 

hangingwall but the cutoff value between an accommodation space and a growth sequence is set 

to 200 m in this study. This means that all accommodation spaces carry sediments successions of 

at least 200 m in the deepest part. Four depocenters (DC-1 to DC-4) and seven local 

accommodation spaces (AS-1 to AS-7) available for the sediments are identified from the early 

Pliensbachian-mid Cenomanian (Figures 3.2 and 3.3). These depocenters and local 

accommodation spaces vary in sizes and depths in each interval. 

Second order faults in the hangingwall of the TFFC around the Alke structure are divided in two 

categories: gravitational collapse faults and accommodation faults. Gravitational collapse faults 

(C-1 to C-8) are situated in the proximal hangingwall of the TFFC in highs H-1 and H-2 of the 

Alke structure and related to collapse of the Alke structure. Accommodation faults are located in 

the distal hangingwall of the TFFC and named as fault populations (FP-1 to FP-4) based on their 

geographical positions (Figure 3.2). Of accommodation faults, fault populations FP-1 and FP-2 

influenced high H-3 of the Alke structure while FP-3 and FP-4 are positioned outside the Alke 

structure as described in section 3.1.3 Description of faults. Gravitational collapse faults C-1 to C-

8 define three major fault systems striking WNW-ESE to ENE-WSW which represent varying 

amount of throws ranging from 110m to 240m (Figures 3.15A and 3.15B). Fault populations FP-

1 to FP-3 strike between NE-SW and NW-SE, defining a radial fan centered at the Alke structure 

as shown in Figure 3.2. Fault population FP-4 identified in the study area are located distal from 

the Alke structure, perhaps not crucial for genesis of the Alke structure, and strike in N-S as shown 

in the Figure 3.5.  
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Figure 3.2: Structure contour map of the top Stø Formation representing the early Bajocian interval, which 

displays positions and areal extents of the depocenters and faults in study area. Information presented in 

the map is taken from different intervals to show their geographical relationship. Depocenters identified in 

the Bajocian are marked in dark blue color whilst depocenters from other levels are shown in brown color 

with white text. Note: DC-1: Depocenter 1, AS-1: Accommodation Space 1, H-1: High 1 of the Alke 

structure, TFFC: the Troms-Finnmark Fault Complex and numbers 1, 2, 3 and 4 along strike of the TFFC 

are the subsegments of the TFFC, FP-1(a): Fault "a" of fault population 1 and C-1: fault 1 related to collapse 

of the rollover. Schematic section along AA' is shown in figure 3.3. 
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The following schematic principle section taken along AA' in Figure 3.3 through the Alke structure 

in NW-SE that provides cross section view of depocenters, faults C-1 to C-8 in the hangingwall of 

the TFFC and local accommodation spaces in hangingwalls of second order faults. Depocenters 

DC-1, DC-3 and DC-4 and local accommodation spaces AS-1, AS-2 and AS-4 are not present in 

section AA' and are thus marked on the section by green arrows showing their actual structural 

positions on the map to present their approximate locations in relation to the Alke structure. 

Figure 3.3: Schematic principle section along AA' in figure 3.2. Depocenter in the section from the 

Bajocian level is shown in blue color while local accommodation spaces fall along the section from other 

levels are shown in brown color. Depocenters not falling along the section are marked on the section with 

green arrows. The positions of the structural elements in sketch are based on their approximate positions in 

relation to the Alke structure on map. Note: DC-1: Depocenter 1, AS-3: Local accommodation Space 3 and 

FP-4(b): Fault "b" of fault population 4. 

 

3.1.2 Sequence thickness maps 

The following section presents description of five isopach maps constructed from the interpreted 

key sequence tops. A detailed distribution of identified depocenters and local accommodation 

spaces through time in relation to the Alke structure and faults in the study area will be defined in 

this section. Depocenters identified in the oldest intervals are described in detail and used as a 

model to compare with its shape and position in young intervals. As the isopach map 1 (the 

Hekkingen formation) demonstrates the most complete picture and serves as a template for 

comparison of other intervals, therefore it is described first and followed by rest of the isopach 

maps in chronological order. 
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3.1.2.1 Isopach Map 1 (the Hekkingen Formation) 

The isopach map 1 (the Hekkingen Formation) marks the onset of syn-rift stage of the TFFC and 

it displays the thickness variations in the hangingwall of the TFFC during the early Kimmeridgian 

to early Berriasian (Figure 3.4). The depocenters identified in this interval are DC-1, DC-2, DC-3 

and five local accommodation spaces (AS-1 to AS-5) as presented in figure 3.4 and cross-sections 

in figures 3.5 and 3.6. This interval depicts a fully developed image of connected highs (H-1, H-2 

and H-3) of the Alke structure. Contour line -2100 m is chosen as outline of the Alke structure in 

this interval. All the faults identified are active during this time interval except fault FP-4(a) 

(Figure 3.4). 

Depocenter DC-1 is not a fully developed depocenter in this interval but it represents a small sag 

(Figure 3.5A) geometry and is classified as depocenter. It is linked to the subsegment 1 of the 

TFFC in the study area, located at western margin of the Alke structure in the hangingwall of the 

TFFC (Figure 3.4). It is a wide elongated depocenter (up to 83.3 km2) with N-S striking axis. Its 

center can be as deep as 600 m which is close to the master fault and thins to 170 m towards its 

northern boundary (Figure 3.5A). On the southern and eastern margin, DC-1 has a steep boundary 

against the TFFC and the Alke structure respectively while it thins gradually on the northern side. 

Overall, it is not affected by faults but its eastern margin is influenced by faults C-4, C-7 and C-8. 

Depocenter DC-2 is associated with subsegments 2 and 3 of the master fault (the TFFC). It is 

identified in the proximal hangingwall of the TFFC on the southern margin of high H-1 of the Alke 

structure (Figure 3.4). It is a narrow elongated sub-basin with areal extent of ~51 km2, striking 

ENE-WSW. It is a very deep sub-basin accommodating a 900 m thick succession adjacent to the 

TFFC and reduced dramatically to about 220 m towards its northern limit alongside the Alke 

structure (Figure 3.5B). DC-2 terminates at steep angle against the TFFC, unlike its gentle southern 

boundary with the Alke structure. It is affected by normal faults such as fault C-4 and other minor 

faults close to the TFFC that are not picked for description. 
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Figure 3.4: Isopach map 1: Thickness variations of the Hekkingen Formation (early Kimmeridgian to 

early Berriasian). It displays the distribution of depocenters along the Troms-Finnmark Fault Complex 

(TFFC) and local accommodation spaces along accommodation faults (FP-2 and FP-3). Second order faults 

in red represent active faults whilst those in grey represent dead faults. Note: DC-1: Depocenter 1, AS-1: 

Accommodation space 1, H-1: High 1, C-1: fault 1 related to collapse of the rollover and FP-1(a): Fault 

"a" of Fault Population 1. Selected examples of model sections along AA', BB', CC', DD', EE', FF' and GG' 

are shown in Figure 3.5 and 3.6. 
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Depocenter DC-3, controlled by subsegment 4 of the TFFC, is situated at the eastern margin of the 

Alke structure along the TFFC. It is a sub rectangular shaped depocenter aligning NE-SW with 

area of 42.7 km2. Center of the depocenter is located close to the TFFC where the depth reaches 

to 700 m and decrease towards the northern side to just about 180 m against high H-3 of the Alke 

structure (Figure 3.5C). The boundaries of the depocenter to the south with the TFFC and to the 

west against high H-1 of the Alke structure are steep while the northern transition to H-3 of the 

Alke structure is gradual. DC-3 is affected by some small-scale local faults, which are not 

considered in the fault description. 

Accommodation space AS-1 is areally a small half-graben of 0.5 km2 within the Alke structure 

controlled by fault FP-2(a). It is positioned at the boundary of highs H-1 and H-2 of the Alke 

structure (Figure 3.4) striking NNW-SSE. It has a steep gradient along the fault FP-2(a) in contrast 

to its western margin where it is gentler. AS-1 comprises a stratigraphic sequence up to 270 m. 

Even though AS-1 is related to fault FP-2(a) no faults of seismic scale are identified within the 

half-graben. 

Accommodation space AS-2 is an elongated narrow hangingwall half-graben striking NW-SE 

(Figure 3.4) covering an area of ~2 km2. It is related to fault FP-2(a) located at NW margin of the 

high H-3 of the Alke structure. The depth of the half-graben is approximately 270 m and has the 

deepest part to its northeastern margin along the fault FP-2(a). Normal drag geometry in the 

Kimmeridgian- and reverse drag in the early Berriasian seismic reflection is identified. There are 

no faults of seismic scale identified within the half-graben. 

Accommodation space AS-3 is an elongated curved (in map view) half-graben, striking NW-SE, 

related to fault FP-2(b). It is located along fault FP-2(b) on western flank of high H-3 of the Alke 

structure covering an area of 4.3 km2. The northeastern margin of the depocenter is steep along the 

fault with accommodation succession of almost 400 m and gradually decreases on the 

southwestern side. No faults inside the half-graben are encountered at this level. 

Accommodation space AS-4 is controlled by fault FP-3(a) and is located at NW side of high H-3 

of the Alke structure. It lies in the distal part of the hangingwall of the TFFC between 

accommodation spaces AS-2 and AS-5. It is also an elongated shallow basin of areally ~1.9 km2 

accommodating a sequence of 350 m in the center. The structural trend of AS-4 is NE-SW. Both 

AS-2 and AS-4 together represent a fully developed graben structure between faults FP-2(a) and 

FP-3(a) (Figure 3.16C). It terminates steeply on the southwestern margin against fault FP-3(a) 
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and gradual become shallow on the northeastern side. It exhibits an inclined asymmetric anticline 

along the fault (Figure 3.6C) with axial plane dipping 80oSW. The half-graben is not affected by 

faults internally. 

Figure 3.5: Selected examples of model sections along the lines marked in figure 3.4. Reference to the 

color index for age of the depocenters. Accommodation spaces and locations of sections are shown in the 

legend. Note: TFFC: Troms-Finnmark Fault Complex and DC-1: Depocenter 1. 
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Figure 3.6: Selected examples of model sections along the lines marked in figure 3.4. Reference to the 

color index for age of the depocenters and accommodation spaces and locations of sections are shown in 

the legend. Note: FP-2(a): Fault "a" of fault population 4 and AS-1: Accommodation space 1. 

Accommodation space AS-5 is situated at the western margin of high H-3 of the Alke structure in 

distal hangingwall of the TFFC. It strikes in WNW-ESE and is juxtaposed along fault FP-3(b) 

from east to west with approximately 280 m of depth. It is a hangingwall half-graben of 5.5 km2 

with steep southern- and shallow gentler northern margins. It carries an inclined anticline (Figure 

3.6D) in the hangingwall of the fault with axial plane dipping 85oSSW and no faults have been 

encountered in the half-graben. 
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3.1.2.2 Isopach map 2 (the Stø Formation) 

Isopach map 2 (the Stø Formation) marks the pre-rift stage of the Troms-Finnmark Fault Complex 

prior to the onset of the Alke structure. It presents the thickness variations in the hangingwall of 

the TFFC during the early Pliensbachian to early Bajocian. The map displays general increase in 

thickness of the sediments in concentric circular, as apparent from the contours, from the 

northeastern side towards the southwestern side of the area during that time. There are no 

depocenters identified in this interval as the map shows pre-rift stage of the TFFC. None of the 

second order faults identified in the hangingwall were active in the early Pliensbachian to the early 

Bajocian. A thin arc-shaped structure is positioned in between the thick successions in the 

southwestern part of the study area delineated by faults C-5 to C-8 (Figure 3.7). 

3.1.2.3 Isopach map 3 (the Knurr Formation) 

Isopach map 3 (the Knurr Formation) represents a syn-rift period of the TFFC and it displays the 

thickness variations in the hangingwall of the TFFC during the early Berriasian-early Barremian. 

General outlook of the isopach map 3 shows the same distribution (as the isopach map 1) of 

structures in the hangingwall of the TFFC around the Alke structure (Figure 3.8). In this interval, 

depocenter DC-4 and accommodation space AS-7 are introduced to the system whilst 

accommodation spaces AS-1, AS-4 and AS-5 diminished in hangingwalls of faults FP-2(a), FP-

3(a) and FP-3(b) respectively. The highs H-1 and H-3 of the Alke structure are detached by the 

accommodation space AS-7 on the northern margin of high H-1 of the Alke structure. The 

boundary of the Alke structure is defined by the contour line -1920 m in this level. Fault FP-4(a) 

activated in this interval however; activity along fault C-3 stopped and fault C-5 did not influence 

that level. Soft-linked segments of fault FP-1(b) separated by a relay ramp in the early 

Kimmeridgian-early Berriasian interval are connected as hard linked in this level (Figure 3.8). 
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Figure 3.7: Isopach map 2: Thickness variations of the Stø Formation (early Pliensbachian to early 

Bajocian). The lack of depocenters and general thickness increase in the southwestern direction should be 

noted. The TFFC and second order (shown in grey) are inactive. Note: C-1: fault 1 related to structural 

collapse of the rollover and FP-1(a): Fault "a" of Fault Population 1. 
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Shape of the depocenter DC-1 is similar to that of isopach map 1 and becomes deeper up to 800 m 

in this interval but was reduced areally to 71.4 km2 (Figure 3.5A). DC-2 was confined to 42.9 km2 

and it becomes relatively shallow to 790 m (Figure 3.5B). The eastern margin of depocenter DC-

3 detached from the TFFC (Figure 3.8) and center of the depocenter is increased in depth to 1300 

m with area of 32.1 km2 (Figure 3.5C). The boundaries of the depocenter are steep on both sides 

against high H-3 of the Alke structure and the TFFC Accommodation space AS-2 defined geometry 

of a small basin in cross section view along fault FP-4(a) in this interval. AS-2 in map view is 

changed to a triangular shape with area of 7.4 km2 (Figure 3.6A). Accommodation space AS-3 is 

migrated to the northern side of fault FP-2(b) and it covers the area of 3.7 km2. 

Depocenter DC-4 is a sag basin located at the northern margin of high H-3 of the Alke structure 

(Figure 3.8). It is an oval shaped, E-W striking depocenter, containing a sequence of approximately 

250 m thickness that thins to 50 m on the northern margins (Figure 3.9A). It comprises gentle 

margins on each side and it is not influenced internally by faults. 

Accommodation space AS-7 is a sag that is positioned between highs H-1 and H-3 of the Alke 

structure (Figure 3.8). It is positioned from E-W with irregular outline between the two highs with 

an accommodation succession of about 200m in the center (Figure 3.9B). It is not disturbed by 

faults and transited gradually into H-1 and H-3. 
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Figure 3.8: Isopach map 3: Thickness variations of the Knurr Formation. The distribution of depocenters 

along the Troms-Finnmark Fault Complex (TFFC) and local accommodation spaces along accommodation 

faults are presented in the early Berriasian to early Barremian interval. Active faults in the hangingwall of 

the TFFC are shown in red whilst dead fault in grey. Note: DC-1: Depocenter 1, AS-2: Accommodation 

space 2, H-1: High 1, C-1: fault 1 related to collapse of the rollover and FP-1(a): Fault "a" of Fault 

Population 1. 
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Figure 3.9: Selected examples of model sections along the lines marked in figure 3.8. Reference to the 

color index for age of the depocenters and accommodation spaces and locations of sections are shown in 

the legend. 
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3.1.2.4 Isopach map 4 (the Kolje Formation) 

Isopach map 4 (the Kolje Formation) defines the post-rift stage of the TFFC and it presents the 

thickness changes in hangingwall of the TFFC in the early Barremian-early Aptian. This interval 

is marked by a dramatic shift of depocenters from the TFFC. Accommodation space AS-6 is 

identified in this level in the northern part of the study area in hangingwall of the fault FP-4(a). 

The depocenter DC-2 and accommodation spaces AS-2, AS-3 and AS-7 are abandoned. Highs H-1 

and H-3 are re-linked but size of the Alke structure is squeezed due to flattening out gradually as 

reflected from the heights of domes (table 3.1). The boundary of the Alke structure is defined by 

the contour line -1440 m. The activity along the TFFC and second order faults is stopped except 

faults C-1, C-2, C-4 and FP4-(a). The accommodation faults (FP-1 and some faults in FP-3) in 

hangingwall of the TFFC did not breach this interval. Fault FP-2(a) is segmented horizontally in 

two soft-linked segments at the western margin of high H-3 of the Ake structure (Figure 3.10). 

Depocenter DC-1 is detached from the TFFC and migrated to the western boundary of the study 

area. Shape and axis of the depocenter is similar to that of previous interval but the area is increased 

to 126.8 km2 with a sequence of about 800 m in the center. The margins to each side of the 

depocenter became gentler with minor faults affecting the basin. Depocenter DC-3 is also detached 

from the TFFC and migrated towards the eastern boundary of high H-3 of the Alke structure. The 

area of the depocenter is reduced to 20.8 km2 with a succession of approximately 450 m. The 

boundaries of the depocenter are comparatively gentle on each side from the previous intervals. 

Depocenter DC-4 is concentrated in the northeastern corner of the study area towards the center 

of the Hammerfest Basin. Area of the depocenter is reduced to 80.6 km2 with a very gentle gradient 

towards the margins of the basin. 

Accommodation space AS-6 (Figure 3.9C) identified in this interval is located to the north of high 

H-3 of the Alke structure in the hangingwall of the fault FP-4(a). It is aerially confined (2.2 km2) 

but deep hangingwall wall half-graben with accommodation succession of just about 500 m along 

the fault. The margins of the half-graben are steep in the proximal hangingwall of fault on the 

eastern side while gentle on the western side and it is not deformed internally by faults. 
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Figure 3.10: Isopach map 4: Thickness variations of the Kolje Formation. Depocenters are detached from 

the Troms-Finnmark Fault Complex (TFFC) and local accommodation spaces diminished along 

accommodation faults in the early Barremian to early Aptian interval. Only fault FP-4(a) is active (shown 

in red color) in the hangingwall of the TFFC and others are dead (shown in grey color). Note: DC-1: 

Depocenter 1, AS-6: Accommodation space 6, H-1: High 1, C-1: fault 1 related to collapse of the rollover 

and FP-2(a): Fault "a" of Fault Population 2. 
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3.1.2.5 Isopach map 5 (the Kolmule Formation) 

Isopach map 4 (the Kolmule Formation) marks the post-rift stage of the TFFC and it presents 

thickness variations in the hangingwall of the TFFC from the early Aptian-mid Cenomanian. In 

this interval, the depocenter DC-1 is squeezed and shifted back towards the TFFC. The map 

displays a thick succession to the western side of the study area that is linked to edge effect and 

poor reflections of the mid Cenomanian in western part of the 3D seismic cube. The coalescence 

of depocenter DC-4 and accommodation space AS-6 resulted in a wide depocenter. The outline of 

the Alke structure is defined by the contour line -720 m. Only four of all the faults, from the 

previous intervals, could be identified at this level i.e. C-1, C-2, FP-3(c) and FP-4(a) of which 

fault FP-4(a) is active. 

Depocenter DC-1 was shifted towards the TFFC in this interval and it is rearranged in sub-

rectangular shape. Area of DC-1 is reduced considerably to 42 km2 with pile of sediments roughly 

800 m in the center. It is characterized by a steep margin along the TFFC and a gentle transition 

towards the northern margin of the depocenter. Depocenter DC-3 remains at the same geographical 

location as in previous interval with area reduced to 13.68 km2 and thickness of sediments about 

700 m. The coalescence of depocenter DC-4 and the accommodation space AS-6 formed a wide 

depocenter covering an area of 117.62 km. It has rectangular shape with striking axis from E-W 

that is affected by fault FP-4(a) on the eastern side of the depocenter (Figure 3.11). 

 

  



 

47 

 

Figure 3.11: Isopach map 5: Thickness variations of the Kolmule Formation. DC-1 is concentrated towards 

the Troms-Finnmark Fault Complex (TFFC) and DC-4 and AS-6 are combined in the early Aptian to mid 

Cenomanian. Only fault FP-4(a) is active (shown in red color) in the hangingwall of the TFFC and others 

are dead (shown in grey color). Note: DC-1: Depocenter 1, AS-6: Accommodation space 6, C-1: fault 1 

related to collapse of rollover and FP-4(a): Fault "a" of Fault Population 4.
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Table 3.1: Heights of highs H-1, H-2 and H-3 of the Alke structure during the development of the Alke 

structure. Heights are calculated manually by measuring the differences in thickness of the sediments at a 

given time on top of the dome and flanks of the dome. These heights are not completely precise because 

the top reflections are assumed flat in the calculations, which was not the case during deposition. In addition, 

the sediments may have subjected to compaction differently at the top and flanks of the domes and faulting 

may also have affected the measurements of thicknesses. Moreover, regional processes may also influence 

the thickness of sediments. However, a rough estimate of the heights of the local relief during development 

of the Alke structure is given in the mentioned intervals. 

Geological time Formations High H-1 

(m) 

High H-2 

(m) 

High H-3 

(m) 

Early Aptian-mid Cenomanian Kolmule Fm 40 100 40 

Early Barremian-early Aptian Kolje Fm 260 195 118 

Early Berriasian-early Barremian Knurr Fm 185 90 20 

Early Kimmeridgian-early Berriasian Hekkingen Fm 70 5 80 

Early Pleinsbachian-early Bajocian Stø Fm -50 -70 -20 
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The following figure 3.12 shows summary of the dynamics of the depocenters in the hangingwall 

of the Troms-Finnmark Fault Complex from the early Pliensbachian-mid Cenomanian. 

Figure 3.12: Composite figure displaying dynamics of depocenters during deposition of different 

formations through time. Dark blue colors display positions of depocenters, brown color displays the Alke 

structure, active second order faults in the hangingwall of the TFFC are displayed in red color while non-

active faults are shown in grey color. Location of these maps is shown in the inset map. 

 

3.1.3 Description of faults 

This section describes faults identified in reference structure map (early Bajocian) with examples 

from selected sections of important faults (Figures 3.15 and 3.16) in the area. Several faults are 

identified in the study area including the Troms-Finnmark Fault Complex (TFFC)(Gabrielsen, 
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1984), which is the master fault. The Troms-Finnmark Fault Complex is thick-skinned and is 

termed as first order according to the nomenclature of Gabrielsen, 1984. Even though TFFC 

comprises of horizontal and vertical segments (Gabrielsen et al., 1990) but in our case, it is 

interpreted as the single vertical fault plane and divided into four horizontal subsegments for the 

sake of the Alke structure and simplicity. TFFC defines four major fault systems striking between 

NE-SW and E-W (Gabrielsen et al., 1990). Second order faults (Gabrielsen, 1984) in the area are 

divided in two categories, namely gravitational collapse and accommodation faults. Gravity 

collapse faults (C-1 to C-8) are located in highs H-1 and H-2 of the Alke structure, they define 

three major fault systems strike in NE-SW to ENE-WSW, and they are related to collapse of the 

Alke structure. Accommodation faults are called fault populations (FP-1 to FP-4) in this study 

based on their geographical positions. Faults FP-1 to FP-3 strike between NE-SW to NW-SE and 

propagate outwards from high H-1 of the Alke structure in a radial pattern (Figure 3.14). FP-1 and 

FP-2 are positioned in high H-3 of the Alke structure while FP-3 and FP-4 are outside the Alke 

structure. Fault identified within the Alke structure, namely C-1 to C-8, FP-1 and FP-2 are 

relatively important for the development of the Alke structure. Faults identified in the area are 

dipping in different angles and the dip angles along the faults are calculated manually from the 

seismic data. 

The Troms-Finnmark Fault Complex is the master fault and separates the southern margin of the 

Hammerfest Basin from the Troms-Finnmark Platform in the study area (see also Gabrielsen et 

al., 1990). The main extension phase of the TFFC initiated in the early Kimmeridgian and 

diminished in the early Barremian in the study area. The seismic reflections in vicinity of the TFFC 

are weak (Figure 3.13). The fault complex is deep-rooted and basement involved  termed as first 

order according to Gabrielsen, (1984). The upper fault tip has breached at least the Campanian 

sequence in the study area. The fault is coarsely divided in four horizontal subsegments, each 

shown in figure 3.13, although each subsegment is comprised of minor subsegments representing 

more than one nucleation point in the contour pattern (Figure 3.4 and 3.5). The average angle of 

dip along subsegment 1 is 80oNW and it strikes NE-SW with estimated vertical displacement of 

~3900 m. The average dip angle on subsegment 2 is 75oN and strike in ENE-WSW with vertical 

displacement of ~3400 m. The average dip angle of 70oN along subsegment 3 is observed and it 

strikes in NE-SW direction. The subsegment 4 is overall dipping in 76oNW and strike NE-SW-

wards in the study area with vertical displacement of ~3750 m (Figure 3.13). The firm estimate of 
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the vertical displacement along the fault is difficult due to correlation reflections across the fault 

owing to the immense erosion on footwall; however, the above values are rough approximations 

of throw calculated from the Anisian reflections across the fault. Vertically the TFFC is in this 

study divided into three segments of which the upper and middle segments are linked in the 

Kungurian sequence while the middle and lower segments meet up in the Bashkirian sequence. 

Generally, throughout all the four divided segments, the angle of dip is high which reduces down 

section in the older rocks. 

Figure 3.13: The geometries of the TFFC are shown in A, B, C and D aligned across subsegments 1, 2, 3 

and 4 respectively. The enclosed inset map displays locations of the sections. 
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Figure 3.14: Distribution of the second order faults in the hangingwall of the TFFC. TFFC: The Troms-

Finnmark Fault Complex and numbers 1, 2, 3 and 4 along strike of the TFFC are the subsegments of the 

TFFC, FP-1(a): Fault "a" of fault population 1 and C-1: fault 1 related to collapse of the rollover. 
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Fault C-1 is a synthetic normal fault situated in high H-1 of the Alke structure in proximal 

hangingwall of the TFFC and characterized by strong seismic reflection terminations in the upper 

and middle part as shown in figure 3.15A. C-1 is horizontally continuous striking NW-SE that 

switches to WNW-ESE in western segment and overlaps with fault C-5. It is vertically segmented 

in two of which the upper segment is gravity driven and have a soft link with lower segment in the 

early Kimmeridgian-early Berriasian succession. The lower segment is dipping at 68oNE while the 

upper segment at an angle of 60oNE. Geometry of C-1 is planar overall and penetrates deep down 

to sediments of the Ladinian while its upper limit is in the early Aptian sequence. The activity 

along C-1 initiated in the early Kimmeridgian and diminished in the early Aptian sequence, which 

resulted in vertical displacement of approximately 190 m. 

Fault C-2 is also a synthetic normal fault located in the proximal hangingwall of the TFFC. It cuts 

top of high H-1 of the Alke structure. The upper segments of fault show poor seismic reflections. 

It has two horizontal soft-linked segments with a small relay ramp in between striking NW-SE. 

Vertically it is composed of four alternative low angle (55oNE) and high angle (78oNE) dipping 

segments. These segments are soft-linked, of which the upper three segments are controlled by 

gravitational collapse. Overall the geometry of the fault is planar. The upper tip point has breached 

the Albian- and lower tip point is rooted in the early Norian stratigraphic successions. The 

maximum subsidence of 240 m is recorded on the fault from the early Kimmeridgian to the early 

Aptian (Figure 3.15A). 

Fault C-3 is a small synthetic normal fault located in crest (high H-1) of the Alke structure with 

relatively strong reflection terminations. It is comprised of two horizontal soft-linked segments of 

which the eastern segment strikes in NW-SE whilst switches to NNW-SSE in the western segment. 

It is vertically continuous with overall a planar geometry and dip angle of 60oNE (Figure 3.15A). 

A maximum vertical displacement of 130 m is recorded which occurred during the early 

Kimmeridgian to middle Berriasian. The upper tip point of the fault was limited to the middle 

Berriasian sequence and lower tip point penetrates down the early Norian sequence. 

Fault C-4 is an antithetic normal fault, located in high H-2 of the Alke structure in the immediate 

hangingwall of the TFFC that cuts the eastern limit of the depocenter DC-1 (Figure 3.15B 

displaying a collapse structure). It contains two vertical soft-linked segments; of which upper 

segment is gravity driven and comparatively gentle dipping (70oSSW) with strong reflection 
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terminations than almost vertical lower segment (89oSSW). The difference in angles of vertical 

segments results in convex shape geometry of the fault. It has three hard-linked horizontal 

segments striking WNW-ESE with eastern segment terminating against the TFFC displaying signs 

of reverse reactivation proximal to the TFFC. The activity along the fault occurred from the 

Tithonian to the middle Barremian with maximum vertical throw of 90 m. The fault can be 

vertically traced from the early Aptian to the early Norian sequences. 

Fault C-5 is a synthetic normal fault also located in high H-2 of the Alke structure characterized 

by strong seismic reflection terminations. It encompasses three horizontal segments of which the 

eastern and middle segments are soft-linked with a small relay ramp in between (Figure 3.10B). 

The fault strikes in ENE-WSW with a deviation of western segment to NE-SW direction. 

Vertically it is a continuous fault with planar geometry and dip angle of 77oNNW (Figure 3.15B). 

It can be traced from the early Norian up into the Berriasian succession with maximum vertical 

throw of approximately 110m. The activity along the fault occurred during the Tithonian to the 

early Berriasian. 

Fault C-6 is an antithetic normal fault in high H-2 of the Alke structure with strong reflection 

terminations in upper part. It is composed of two soft-linked horizontal segments, separated by a 

relay ramp, striking ENE-WSW. Whereas one vertical segment with overall a planar geometry and 

average dip angle of 79oSSE. The activity along the fault occurred during the Tithonian to the 

middle Berriasian with maximum vertical displacement of 110 m. The upper and lower tip points 

of the fault breached in the middle Berriasian and the early Norian sequences respectively. C-2 

and C-3 display structural collapse of the dome as shown in figure 3.15B. 

Fault C-7 is a normal fault positioned orthogonal to the master fault characterized by strong 

reflection terminations. It is comprised of two vertical soft-linked segments with upper and lower 

segments dipping in 40oNW and 70oNW on average respectively. It has three small horizontal 

segments striking NNE-SSW with a deviation of middle segment towards NE-SE. The fault was 

active from the Tithonian to early Barremian and developed an offset of ~150 m. The fault can be 

traced vertically from the early Norian up to the early Aptian sequence. The overall vertical 

geometry of individual segments is planar forming a sharp bend at the intersection point due to 

difference in dip angles (Figure 3.15 C).  
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Figure 3.15: Selected examples of important faults in the study area. Locations of the sections are shown 

in figure 3.10 and the enclosed inset index map. Reference to the color index for ages of the sequence tops 

is shown in the legend. Note: TFFC: Troms-Finnmark Fault Complex and C-1: fault 1 related to 

gravitational collapse. 
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Fault C-8 is also a normal fault located orthogonal to the TFFC (Figure 3.10) with relatively strong 

reflection termination. It is horizontally single continuous segment striking NNE-SSW whereas 

vertically two soft-linked segments linked in the Tithonian sequence. Of two vertical segments, 

upper segment is dipping in 60oNW and lower segments at 88oNW. The activity along the fault 

occurred in the Tithonian to early Barremian developing subsidence of ~200 m. The fault geometry 

of segments is vertical giving rise to a sharp bend at the linkage point in the Tithonian sequence 

(Figure 3.15C). The upper and lower tip point of the fault breached the Albian- and the Carnian 

sequences respectively. 

Fault FP-1(a) is positioned on the eastern margin of high H-1 of the Alke structure with strong 

seismic reflection terminations and it cuts the southeastern and eastern margin of depocenter DC-

4 and accommodation space AS-7 respectively (Figure 3.8). It consists of three hard-linked 

horizontal segments striking NE-SW with a twist of northern segment towards east. It includes 

two vertical segments, of which small upper segment, related to gravitational collapse in the early 

Barremian to Hauterivian, dips at an angle of 50oNW whilst the lower segment dips at 80oNW. 

Overall, it has a planar geometry with vertical displacement of 125 m during the period of activity 

from the early Kimmeridgian to the Hauterivian (Figure 3.16A). It can be traced vertically from 

the Hauterivian down to the early Norian sequences. 

Fault FP-1(b) is a normal fault situated in the eastern side of the high H-3 of the Alke structure 

which affects the northern and southern margins of the accommodation space AS-7 and depocenter 

DC-4 respectively (Figure 3.8). It is vertically segmented in two segments of which the upper 

segment has strong seismic reflection terminations than the lower segment. Overall geometry of 

the fault is planar and different dip angles of the upper (dipping at 65oNW) and lower segments 

(dipping at 87oNW). Difference in the dip angles creates a small bend at the linkage point in the 

early Kimmeridgian to the Tithonian sequence (Figure 3.16A). The upper segment is related to the 

gravitational reactivation in the Berriasian. It consists of three soft-linked horizontal segments 

striking NE-SW and each segment has a vertical displacement of around 150 m. The activity period 

of the fault is from the early Kimmeridgian to the late Berriasian during that the upper and lower 

tip points ended up in the late Berriasian and early the Norian sequences.  
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Figure 3.16: Selected examples of important faults in the study area. Locations of the sections are shown 

in figure 3.14 and the enclosed inset index map. Reference to the color index for ages of the sequence tops 

is shown in the legend. Note: FP-1(a): fault “a” of the fault population 1. 
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Fault FP-2(a) is located on the western side of high H-2 of the Alke structure with strong seismic 

reflection terminations (Figure 3.16B). It influenced three accommodation spaces AS-1, AS-2 and 

AS-7 of which AS-1 and AS-2 are located in the hangingwall of FP-2(a). It has three horizontal 

hard-linked segments striking NW-SE with a deviation of central segment towards north. 

Eventhough FP-2(a) is overall a planar fault, the northern and middle horizontal segments carry 

two vertical segments dipping at different angles (upper segment at 60oSW whilst lower segment 

at 85oSW). The upper vertical segment is linked to gravity driven collapse in the Berriasian. This 

develops a convex shape in the Berriasian sequence with maximum displacement of 100m (Figures 

3.16B and 3.16C). The small southern segment of FP-4(a) encountered in figure 3.15A is antithetic 

to the master fault and comprised of single segment dipping at 76oSSW with vertical throw of 90 

m. The activity along the fault was initiated in the early Kimmeridgian and diminished in the early 

Barremian. The fault can be traced from the early Barremian down to the early Norian successions. 

Fault FP-2(b) is identified on the western margin of high H-3 of the Alke structure and it carries 

accommodation space AS-3 (Figure 3.6B) in its hangingwall. It is comprised of a single horizontal 

segment striking NNW-SSE and two planar vertical segments of which upper segment has 

relatively strong reflection terminations and related to gravitation collapse occurred in the 

Berriasian (Figure 3.16B). The convex fault plane geometry in the Berriasian sequence of the fault 

is resulted from the different dip angles of upper (58oSW) and lower (82oSW) segments. Vertical 

displacement recorded along the fault is 140 m that is developed from movement along the fault 

during the early Kimmeridgian to Hauterivian. It can be traced from the early Norian to the early 

Barremian sequences. 

Fault FP-3(a) is located at NW of high H-3 of the Alke structure (Figure 3.14). The subsidence 

along the fault creates accommodation space AS-4 in the hangingwall. It is horizontally continuous 

and striking NW-SE while comprised of two vertical segments with different dip angles (upper at 

45oNE and lower at 73oNE). The individual segments of fault are planar developing a convex fault 

plane geometry at the intersection point. This geometry form an inclined anticline above the 

convex with axial plane dipping in ~80oSW (Figure 3.16C). The fault initiated in the early 

Kimmeridgian and died in the Berriasian resulted in vertical throw of 110 m. FP-3(a) has affected 

sequences from the early Norian to the early Barremian. 
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Fault FP-3(b) is positioned WNW-ESE to the western-most side of high H-3 of the Alke structure. 

It is a planar fault comprised of single horizontal- and vertical (dip at 71oNNE) segments. 

Accommodation space AS-5 is associated with FP-3(b) and fault plane geometry of the fault 

developed a minor inclined anticline in the hangingwall dipping in ~85oSSW. FP-3(b), FP-3(c) 

and FP-3(d) collectively develop a local horst and graben structures in the area (Figure 3.16D). 

Fault was active from the early Kimmeridgian to the early Barremian with vertical throw of 170 

m and it can be traced from the Ladinian to the early Barremian sequences. 

Fault FP-3(c) is positioned in the northwestern corner of the study area away from the Alke 

structure (Figure 3.14). It is comprised of a horizontal segment striking WNW-ESE and a vertical 

segment dipping at 78oSSW on average. Vertical displacement of 88 m is accommodated in the 

early Norian to the early Barremian successions along the fault. Activity along the fault initiated 

in the early Kimmeridgian and ended in the middle Barremian (Figure 3.16D). 

Fault FP-3(c) is also identified in the northwestern margin of the study area. It consists of one 

horizontal segment striking NW-SE and one planar vertical segment dipping at 70oNE. Fault can 

be traced from the early Norian to the Hauterivian sequences with the vertical displacement of 90 

m along the fault that occurred during the early Kimmeridgian to Hauterivian. 

Fault FP-4(a) is positioned N-S on the northern side of the study area creating the accommodation 

space AS-6 in the hangingwall. Fault terminates against the northwestern margin of the depocenter 

DC-4 (Figure 3.8). N-S striking northern part of the fault splays out in two hard-linked segments 

to south striking NE-SW and NW-SE. It is composed of two planar vertical segments of which 

upper segment dips at 60oW while lower at 85oW. Fault was nucleated in the mid Berriasian and 

died in the late Aptian. Upper and lower tip points of faults breached the late Aptian and Ladinian 

strata respectively. Maximum vertical displacement of 120 m is recorded along the fault (Figure 

3.16E). 

Fault FP-4(b) is situated on the northern boundary of the study area (Figure 3.14). It is a small 

fault comprised of one segment both horizontally (N-S striking) and vertically (dipping 80oE on 

average). Fault plane geometry is overall planar with vertical throw of 90 m (Figure 3.16E). It was 

initiated in the early Kimmeridgian and died in the early Barremian. Upper and lower fault tip 

points breached the Ladinian to early Barremian stratigraphic successions. 
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3.1.4 Key observations from the seismic data 

This section chapter describes the key observations made in the hangingwall of the Troms-Finnmark Fault 

Complex (TFFC) in the vicinity of the Alke structure from the seismic data. These observations are related 

to different stages in the  development of the Alke structure through time and possible tectonic inversion in 

the study area. Following observations will be described: 

1. Seismic reflection terminations 

2. Tectonic inversion 

3.1.4.1 The seismic reflection terminations 

Seismic reflection terminations identified in the study area provide key information in relation to 

different stages in development of the Alke structure in the hangingwall of the TFFC. Different 

seismic reflections terminations identified in the hangingwall of the TFFC are onlap configurations 

in the sediment packages and toplap or erosional truncations. 

Onlap stratal geometries are identified at different stages throughout the development of the Alke 

structure in the hangingwall of the TFFC during the main extension period. Timing of the onlap 

configurations in the hangingwall of the TFFC varies laterally along strike of the master fault. 

Oldest onlap geometries identified are the early Kimmeridgian sequence onlaping on the early 

Bajocian reflections at location of high H-1 of the Alke structure (Figure 3.17A). These onlap 

configurations from the early Kimmeridgian to early Barremian, as identified in the immediate 

hangingwall of the TFFC, can be divided into four sequences. First sequence shows the onlap 

geometries present in the early Kimmeridgian to early Tithonian are chaotic and characterized by 

weak seismic amplitudes. Upsection the second sequence comprised relatively strong seismic 

amplitudes encompassing the onlap fill stratal geometries in the middle Tithonian to early 

Berriasian. Second and third sequence is delineated by erosional surface as shown in the smooth 

edges of fault blocks in the early Berriasian reflections. Third sequence is also characterized by 

strong seismic amplitudes displaying the onlap fill stratal relationship of the early Berriasian to 

late Berriasian. Fourth sequence is characterized by mild amplitudes and displays convergent 

geometric relationship of the seismic reflection from the early Berriasian to early Barremian. 
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Figure 3.17: Onlap configurations on high H-1 and H-2 of the Alke structure. A) This section displays 

onlap configurations of the early Kimmeridgian sequence on high H-1, subsections 1 and 2 depicts the 

detailed picture of onlaps marked in rectangle of figure A in 1) real data and 2) flattened at the early 

Berriasian sequence. B) Onlap configurations of the Tithonian sequence on high H-2 and the toplap 

truncations of the middle Barremian against the early Aptian sequence. Rectangles in figure B are expanded 

to show details of onlaps in 3) real data and 4) flattened at the early Berriasian sequence and the toplap 

truncations of the middle Barremian against the early Aptian sequence in 5) real geometries and 6) flattened 

at early Aptian sequence. Note the smooth edges of fault blocks in the early Berriasian sequence. Locations 

of the sections are shown in inset index map. 

 

Onlap configuration of seismic reflections identified in high H-2 of the Alke structure is from the 

early Tithonian to early Barremian (Figure 3.17B) and can be divided into three sequences. The 

first sequence characterized by strong seismic amplitudes show the convergent fill geometries of 

the seismic reflections in the early Tithonian to early Berriasian. First and second sequence is 
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separated by erosional surface of the early Berriasian. Second sequence identified in the early 

Berriasian-early Hauterivian with strong seismic amplitudes also exhibit convergent onlap 

geometries of the seismic reflections. Third sequence with relatively weak amplitudes exhibits the 

onlap fill stratal geometries of seismic reflections representing the early Hauterivian to early 

Barremian succession. 

Figure 3.18: A) WSW-ENE section displays the onlaps of the early Aptian on the middle Barremian 

sequence. Rectangle is expanded in 1) real geometries and 2) flattened at early Aptian sequence. B) Onlaps 

of the early Berriasian sequence at high H-3 that marks the onset of H-3. Rectangle is expanded in 3) real 

geometries and 4) in flattened early Barremian reflections. Inset map shows location of the sections. 
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Onlap pattern of seismic reflections at the boundary of high H-1 and H-3 of the Alke structures is 

observed in the early Barremian and it is composed of moderate seismic amplitudes displaying the 

mounded onlap fill geometries (Figure 3.18B). Other onlaps identified of the early Aptian strata 

on the middle Barremian reflections are shown in figure 3.18A. These onlaps are located in 

different parts of the study area, namely at the boundary of high H-1 and H-2, on high H-3 and the 

northwestern corner of the study area. Toplap truncations identified of the middle Barremian 

seismic reflections against the early Aptian seismic reflections show tangential relationship of the 

seismic reflections (Figure. 3.17B). 

3.1.4.2 Tectonic inversion 

Tectonic inversion related structures are not commonly found in the study area, however there are 

few structures observed in the hangingwall of the TFFC, which could potentially represent such 

features. These structures are: 

1. Reverse drag geometries in the hanging wall of the TFFC 

2. Inclined anticlines and/or snake-head structures 

3. Reverse faults 

Normal drag geometries of the seismic reflections are common in the immediate hangingwall of 

the TFFC in the study area. They are observed commonly in the vicinity of the Alke structure and 

are associated with the rollover of the Alke structure. Reverse drag geometries are not often 

identified along strike of the TFFC in the Alke area as displayed in figure 3.19A, some of these 

are formed in the early Tithonian-early Aptian. The early Tithonian-late Barremian reflections 

display reverse drag geometries followed by a minor normal drag upsection in the early Aptian 

sequence. These reverse drag geometries of the seismic reflections display potential snake-head 

structures along the TFFC. Figure 3.19B shows the reverse drag geometries in proximal part of 

the hangingwall of the TFFC in the Tithonian-late Berriasian. These seismic reflections have 

developed a classic snake-head structure terminating against the TFFC. 
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Figure 3.19: A) and B) Shows the reverse drag geometries of reflections along the TFFC indicating snake-

head structure in the immediate hangingwall of the TFFC in the early Kimmeridgian to early Aptian 

sequence. A small normal drag is also identified in A) in the early Aptian sequence. Rectangle shows the 

position of snake-head structure. C) and D) present inclined asymmetric anticlines (potentially snake-head 

structures) in the late Tithonian to early Barremian sequences along faults C-5 and FP-3(a) respectively. 

Rectangles highlight the anticlines. C) also shows the elevated geometries of the growth sequences along 

the TFFC and the consequent tilting of the anticline along fault C-5. Locations of the sections are marked 

in inset map. 

 

Inclined anticlines and/or potential snake-head structures are found in the proximal hangingwall 

of the TFFC and in the hangingwall of the second order faults. An inclined anticline is identified 
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on high H-2 of the Alke structure in the hangingwall of fault C-5 (Figure 3.19C). The anticline is 

observed in the Tithonian-early Barremian sequence and the axial plane of the anticline is dipping 

at 78oSE with structural trend NE-SW. Another example of tilted anticline, shown in figure 3.19D, 

is observed in the distal hangingwall of the TFFC above the convex vertical geometry of fault FP-

3(a). This anticline is developed in the Tithonian-early Barremian succession with axial plane 

dipping 80oSW and NW-SE structural trend. Fault FP-3(b) also carries a small anticline in the 

hangingwall distal to the TFFC in the study area. Axial plane of the anticline is dipping 85oSSW 

and trend of the anticline is ESE-WNW (Figure 3.16D). 

Reverse faults are very scarce in the study area and only two potential small-scale reverse faults 

could be identified in the hangingwall of the TFFC. Figure 3.20A shows a small reverse segment 

of fault C-4 in the immediate hangingwall of the TFFC. Fault displays a contractional offset of 

120 m and it can be picked in 10-15 consecutive inlines. It influenced the early Pliensbachian to 

Kimmeridgian succession and nucleated in the early Kimmeridgian. Figure 3.20B displays another 

reverse fault in the eastern margin of high H-3 of the Alke structure in hangingwall of the TFFC. 

It displays extension in the early Norian to early Tithonian and switches to contraction in the late 

Tithonian to early Berriasian. This fault is also small scale and can be traced up to 10 consecutive 

inlines in the 3D seismic cube. Vertical throw along the fault in the normal segment is 65m whereas 

that in the reverse segment is 23 m. Fault is striking NE-SW with dip angle of 69oNW. Another 

minor potential reverse fault is captured in the same figure 3.20B. 
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Figure 3.20: A) Section displaying a potential reverse segment of fault C-4 in the early Norian to early 

Bajocian sequence and probable snake-head structure along the TFFC in the early Berriasian sequence. B) 

It presents reverse reactivation of the normal fault in the late Tithonian to early Berriasian sequence 

and a distinguished monocline at the top. A small reverse also accompanying the reactivated fault. 

Locations of sections are included in the inset map. 
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3.2 Description of results from the 2D Move Software 

Following section deals with the results obtained from simulations in the 2D Move software tool 

utilizing forward and backward modelling. These results are related to the fault plane geometry of 

the Troms-Finnmark Fault Complex, which is the master fault in the study area. Backward 

modelling technique was used first to construct the fault plane geometries of the TFFC in deeper 

levels based on deformation in the hangingwall. Then the forward modelling approach was carried 

out by using the constructed fault plane geometries from the 2D Move to simulate the horizons in 

the hangingwall of these faults. The early Bajocian seismic reflections (top Stø) was selected as a 

hangingwall for backward modelling because it has experienced the most deformation during the 

development of the Alke structure. 

3.2.1 Backward modelling 

Backward modelling involved transporting of the interpreted early Bajocian seismic reflections to 

the 2D Move software tool along with the interpreted fault plane geometry of the TFFC from the 

seismic data. Fault plane geometries were constructed from the 2D Move software tool in the Alke 

area along four sections covering subsegments 1, 2 and 4 of the TFFC utilizing geometries of the 

hangingwall and the geometry of the TFFC interpreted from the 3D seismic data. Three methods 

commonly used in the construction of fault plane geometries are (1) the constant heave method, 

(2) the constant slip method and (3) the constant bed length method. Each of the above-mentioned 

methods produced different results based on their principle along section 3 across subsegment 2 

of the TFFC that crosses high H-1 of the Alke structure. A shear angle of 66o was used throughout 

the calculations along section 3. The angle was calculated from the fault C-1 positioned in the 

immediate hangingwall of the TFFC assuming that the latest slip occurred along this fault surface. 

The calculated fault plane geometries from these methods along section 3 are shown in figure 3.21. 

Fault plane geometry calculated from the constant heave method (Figure 3.21A) is wiggly and not 

realistic whereas those calculated from the constant slip- and constant bed length methods are 

smooth and following the fault plane interpreted from the 3D seismic data to some level. However, 

fault planes constructed from all the three methods are exhibiting a convex upwards (not a ramp-

flat-ramp) geometry of the fault planes at deeper levels. Same procedure of backward modelling 

was applied for construction of the fault planes along sections 1, 2 and 4 using shear angles 80o, -

86o (calculated from fault C-5 that is antithetic) and 76o respectively. 
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Three methods used in the construction of the fault plane geometries are based on different 

principles. The constant heave method (1) uses a shear deformation mechanism (White et al., 1986) 

in which inferred regional is divided by the construction lines that are oriented based on the 

specified shear angle. Displacement vectors parallel to the fault trajectories are drawn to connect 

the regional and projected to construct the fault at depth (Figure 3.21A). Elevation of the regional 

is an important factor in this method. The constant slip method (2) utilizes fault parallel flow 

algorithm (Wheeler, 1987) assuming that the hangingwall strata follows fault parallel trajectories 

of displacement. Fault is divided from the measured slip along the fault. Displacement vector is 

constructed from the bisector drawn perpendicular to the fault. Length of displacement measured 

vector between the hangingwall cutoff and the regional is projected parallel to the bisector to 

calculate the fault at depth (Figure 3.21B). In the constant bed length method (3) the hangingwall 

is assumed to have flexural slip folding and it infers slip reduces with depth along the fault. Vertical 

construction lines are drawn by dividing hangingwall strata into equal intervals based on heave. 

Angle on fault plane at a given position is extracted by vectors connecting the hangingwall to the 

regional at heave intervals and that fault angle is projected to construct the fault plane geometry 

(Figure 3.21C). 
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Figure 3.21: The fault geometries constructed from the hangingwall and the interpreted fault plane 

geometry from the 3D seismic data along high H-1 in section 3. Different methods used for the construction 

of the fault plane are mentioned in figures. Note the convex shape of the fault plane geometry in all cases. 

Inset index map shows location of the sections. 

  



 

70 

 

Figure 3.22: Simulated horizons in the hangingwall of the constructed fault plane geometries by the 

constant heave and the constant bed length methods. Geometry from A) the constant heave method does 

not produce realistic geometry of hangingwall whilst that from B) the constant bed length displays a dome 

of comparable size and shape to the Alke structure. Inset index map shows location of the sections. 
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3.2.2 Forward modelling 

Forward modelling was carried out by using the constructed fault plane geometries in the backward 

modelling to simulate structures in the hangingwall of those faults. Three different algorithms were 

tried in the forward modelling, namely the simple shear, the fault parallel flow and the trishear to 

simulate a dome of a shape and size comparable to the Alke structure. Results of simulated 

horizons in the hangingwall of the fault plane constructed from the constant heave- and the 

constant bed length methods using simple shear principle are shown in figure 3.22. The horizons 

constructed from the constant bed length method indicate a domal feature in the hangingwall of 

the fault. So the convex geometry of the subsegment 2 of the TFFC was considered of importance 

for the genesis of the Alke structure. As a final step, the geometry of the subsegment 2 of the TFFC 

was given an exaggerated convex shape of three types in order to test if convex fault geometry 

could cause the formation of a dome similar of the Alke structure in the hangingwall. Three types 

of fault geometries were tested, namely the realistic fault geometry extrapolated in depth, a 

moderate exaggeration of the fault plane geometry and an “extreme” exaggeration of the fault 

geometry (Figure 3.23). As seen in figures 3.23A and 3.23B moderate and extreme exaggeration 

of the fault plane follows the interpreted geometry of subsegment 2 of the TFFC from the 3D 

seismic data only to a certain depth instead for the whole fault. Whilst in realistic case the 

subsegment 2 (Figure 3.23C) of the TFFC was extrapolated in depth so that the convex shape of 

the fault was maintained. The produced dome observed in realistic case has amplitude of 600 m 

and wavelength of 8000 m that is almost same as the observed amplitude (500 m) and wavelength 

(7500 m) of the Alke structure. 

Similarly, simulations of the horizons in the hangingwall of the constructed fault plane geometries 

along sections 1, 2 and 4 are carried out (Figure 3.24). Section 1 crossing subsegment 1 and 

depocenter DC-1 displays a concave upwards geometry of the fault plane that will clearly follow 

listric geometry with depth given the decreasing angle of the fault plane with depth.  Associated 

horizons are following shape of the realistic hangingwall. Section 4 taken along subsegment 4 of 

the TFFC crossing through depocenter DC-3 also displays concave up geometry of the fault plane 

that becomes gradually listric with increasing depth. The above sections 1 and 4 are taken next to 

the Alke structure and the constructed fault plane geometries are following the classic listric 

geometries. Section 2, on the other hand, along subsegment 2 of the TFFC crossing through high 
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H-2 of the Alke structure displays a clear convex geometry of the fault plane and the associated 

simulated horizons. Convex geometry of the fault plane in case of high H-2 is comparatively less 

prominent than that of H-1 in section 3 (Figure 3.24B). Associated horizons in case of H-2 also 

produce a dome with the amplitude (600m) and wavelength (6800m) similar to the amplitude 

(400m) and wavelength (6800m). 

Figure 3.23: The exaggerated convex shape of the fault plane geometry and associated horizons in the 

hangingwall. Figures A) and B) shows extreme and moderate exaggeration of the real TFFC interpreted 

from the seismic data while C) shows extrapolation of the real TFFC at depth that is interpreted from the 

seismic data. Inset index map shows location of the sections. 

 

By performing same modelling exercises for four consecutive sections taken within and next to 

the Alke structure it is obvious that a convex fault plane geometry indeed will form a dome of 

similar size and shape in the hangingwall. Moreover, the modelling represents the convex fault 
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plane geometry in the vicinity of the Alke structure while next to the Alke structure it points 

towards the TFFC having a classic listric geometry.  

Figure 3.24: Constructed fault plane geometries and simulated horizons in their hangingwalls. Concave up 

listric geometries of the constructed fault planes along subsegments 1 and 4 while convex shape bend in 

rectangle along section 2 crossing high H-2 should be noted. Inset index map shows location of the sections. 
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Chapter 4: Discussion 

Aim of this chapter is to discuss the evolution and the potential mechanisms for the generation of 

the Alke structure and the surrounding area through time and comparing the present observations 

with previous studies. Three potential mechanisms can be involved in generation of the Alke 

structure. These mechanisms are convex geometry of the master fault, relay ramp and tectonic 

inversion. So in this chapter following main points will be discussed: 

1. The depositional pattern in the hangingwall of the Troms-Finnmark Fault Complex (TFFC) 

around the Alke structure 

2. The significance and timing of faults in the hangingwall of the Troms-Finnmark Fault 

Complex with respect to the Alke structure 

3. Potential mechanisms for genesis of the Alke structure 

4.1 The depositional pattern in the hangingwall of the TFFC in the 

Alke area: 

This section highlights the dynamics of the system of depocenters (Figure 3.12). The style of 

depositional pattern observed nearby the Alke structure in the hangingwall of the Troms-Finnmark 

Fault Complex (TFFC) varies along strike of the TFFC in response to the Late Jurassic to Early 

Cretaceous extension as shown in figure 3.12 (see also Gabrielsen et al., 1990). Isopach map 2 

(thickness of the Stø Formation shown in figure 3.7 (representing the Pliensbachian to the early 

Bajocian) lacks depocenters and sub-basins due to the tectonic quiescence along the TFFC. The 

Stø Formation is thickening from WSW-wards (Figure 3.7) which is consistent with thickening of 

the Lower to Middle Jurassic sediments from the Hammerfest to Tromsø basins as observed by 

Faleide et al., (1993). The apparent arc-shaped structure in high H-2 of the Alke structure in that 

interval is a thin graben structure related to structural collapse between faults C-5 to C-8. Of these 

faults C-5 and C-6 (Figure 3.15B) suggesting, the faults were initiated at the early Kimmeridgian 

to early Berriasian level where they exhibit comparatively large throws along the faults and 

propagated down section. These collapse structures along with rollovers (Figure 3.15B) are often 

associated with ramp-flat-ramp and listric geometries of extensional faults (McClay and Ellis, 

1987). 



 

76 

 

Onset of the Late Jurassic to Early Cretaceous extension is marked by the associated depocenters 

in the hangingwall of the TFFC in the study area as depicted in the isopach map 1 (the Hekkingen 

Formation) (Figure 3.4). These depocenters and accommodation spaces were described in Chapter 

3 section 3.1.2 and define three geometric types (Figure 4.1). These are: 

1. Wide depocenters: Depocenters DC-1 and DC-3 that are developed outside the western 

and eastern margins of the Alke structure respectively. They are driven by subsegments 1 

and 4 of the northern segment (Indrevær et al., 2013) of the TFFC. These depocenters are 

wide due to their positions close to the nucleation points of the subsegments where large 

subsidence is expected along the fault. 

2. Narrow depocenters: Depocenter DC-2 separating the Alke structure from the TFFC is a 

narrow and deep depocenter that is affected by the evolution of the Alke structure causing 

accommodation space problem for the depocenter. It is only identified in the immediate 

hangingwall of the TFFC where the Alke structure is existing. 

3. Subsidence related to second order faults: Accommodation spaces AS-1 to AS-7 are local 

accommodation spaces in hangingwall of the accommodation faults most of which died 

soon in the early Berriasian. 

Structural architecture from the early Kimmeridgian to Hauterivian in the vicinity of the Alke 

structure are likely the result of deposition in the tectonic environment of a breached relay ramp 

between subsegments 1 and 4 of the TFFC. During the early stages of the Late Jurassic-Early 

Cretaceous extension along the master fault (the TFFC), a narrow continuous depocenter, 

controlled by the master fault, was created in its immediate hangingwall contemporaneous with 

the Alke structure. From the early Kimmeridgian to early Berriasian these depocenters were 

controlled by the development and gravitational collapse of the rollover of the Alke structure in 

the hangingwall of the master fault. In the nucleation stage of the subsegments of the TFFC (early 

Kimmeridgian), strain was dissipated over a large area as evident from the local accommodation 

spaces along the second order faults and depocenters in the hangingwall of the TFFC. 

In the early Berriasian to early Barremian, depocenters were controlled by the increased doming 

of the Alke structure due the continued subsidence in the hangingwall of the TFFC. In the early 

Berriasian, most of the local accommodation spaces along the accommodation faults became 

extinct while the deformation concentrated on the major fault zones (subsegments of the TFFC) 
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that resulted in widening of the depocenters DC-1 and DC-3. Whereas developing of the Alke 

structure behind DC-2 intervened the growth of depocenter and left DC-2 as relatively a narrow 

depocenter. Depocenters DC-1 and DC-3 accumulated sediments of 800 m and 1300 m 

respectively in the Hauterivian during the extension climax. Simultaneously DC-2 became shallow 

(to 750 m) due to the space accommodation problems caused by the increased doming of the Alke 

structure behind DC-2. Depocenter DC-4 on the northern margin of high H-3 is linked to the 

evolution of high H-3 of the Alke structure in the early Berriasian and was possibly exaggerated 

by local differential compaction. Accommodation space AS-7 in the isopach map 3 (the Knurr 

Formation) detached highs H-1 and H-3 and is related to initiation of high H-3 of the Alke 

structure. Onlaps of the intra Berriasian- on the early Berriasian sequence in AS-7 (Figure 3.18B) 

suggest the initiation of high H-3 of the Alke structure in the early Berriasian time and perhaps it 

developed no further from the early Aptian. Migration of the local accommodation spaces to 

northwest along the faults FP-2(a) and FP-2(b) during the early Kimmeridgian to early Barremian 

clearly suggests that these radial faults were initiated in the Alke structure and propagated 

outwards radially as the Alke structure developed. The early Barremian sequence marks ceasing 

of the main subsidence in the Mesozoic in the study area (see Mulrooney et al., 2017). The Alke 

structure is contemporaneous with the central dome in the Hammerfest Basin(Faleide et al., 1993). 

Observations made in the study area during the early Kimmeridgian-early Barremian fit models 

from previous studies by Gupta et al., (1998) and Gawthorpe and Leeder, (2000) which suggest 

distribution of deformation over a large area in the rift initiation stage and focuses on major fault 

zones during the growth and linkage stage. 

Isopach map 4 (the Kolje Formation) represents the extension climax along the TFFC in the early 

Barremian to early Aptian in the Alke area. This extension climax is defined by the detachment of 

depocenters and a northwest-ward shift of the depocenter DC-1 along the margin of the 

Ringvassøy-Loppa Fault Complex (RLFC) where the subsidence and deposition were focused. It 

was probably contemporaneous with the rapid differential subsidence in the Tromsø Basin (Faleide 

et al., 1993). The Alke structure was a positive feature in the Barremian, which is marked by onlaps 

of the middle Barremian- onto the early Barremian sequence of high H-3. Onlap of the middle 

Barremian onto the early Barremian sequence in northwestern corner of high H-3 of the Alke 

structure is related to the footwall uplift of the Ringvassøy-Loppa Fault Complex (RLFC) due to 

continued extension and subsidence in the Tromsø Basin. Erosional truncations (Figure 3.17B) of 
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the middle Barremin against the early Aptian sequence indicate an episode of erosion, not 

necessarily be subaerial, after the main phase of the Mesozoic extension. The relief of the Alke 

structure was flattening out as shown in table 3.1 during the early Barremian to early Aptian. A 

small sag geometry was caused by the subsidence above the depocenter DC-1. Most of the 

identified faults were ceased in the Barremian to the early Aptian. Fault FP-4(a) in the northern 

part of the study area carried a small accommodation space in the hangingwall and it may be linked 

to the continued activity along the RLFC. After the Mesozoic extension along the TFFC ended, 

the remnant of depocenter DC-1 as identified in the early Aptian to mid Cenomanian interval was 

due to filling the sag topography. Simultaneous subsidence in center of the Hammerfest Basin 

resulted in coalescence of accommodation space AS-6 and depocenter DC-4 due to uplifted flanks 

along stable segments of the TFFC and possibly due to the differential compaction. Therefore, 

different stages of structuring have caused different patterns of the depocenters through time in the 

study area. 

Figure 3.12 displays composite map displaying the distribution of depocenters in relation to the 

Alke structure and the Troms-Finnmark Fault Complex. This map is a composite displaying taken 

from several stratigraphic intervals, namely: the Hekkingen Formation, the Knurr Formation, the 

Kolje Formation and the Kolmule Formation. 
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Figure 4.1: The composite map of depocenters, taken from different stratigraphic levels (the Hekkingen 

Formation, the Knurr Formation, the Kolje Formation and the Kolmule Formation), shows different 

classes of the depocenters based on the geometries. Blue color shows wide depocenters, green shows narrow 

depocenter and the dark brown color displays local subsidence along accommodation faults. The light 

brown color is the outline of the Alke structure. Note: DC-1: Depocenter 1, H-1: High 1of the Alke 

structure, AS-1: Accommodation space 1 and TFFC: Troms-Finnmark Fault Complex. 
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4.2 The significance and timing of faults in hangingwall of the Troms-

Finnmark Fault Complex with respect to the Alke structure: 

In this section, significance and timing of fault systems identified in the study area will be 

discussed in context of the development of the Alke structure. These faults include the master fault, 

the Troms-Finnmark Fault Complex (TFFC), and second order faults identified in the study area 

that include faults related to gravitational collapse (C-1 to C-8) of the rollover (the Alke structure) 

and radial faults (FP-1 to FP-3). While faults situated away from the Alke structure in the northern 

and northwestern corners of the study area are not considered fundamental for the origin of the 

Alke structure. This section discusses these aspects in the following order: 

1. Faults associated with master fault segments of the Troms-Finnmark Fault Complex 

2. The second order faults 

3. Growth of the Alke structure through time 

4. Gravitational collapse of the Alke structure 

4.2.1 The Troms-Finnmark Fault Complex: 

The TFFC is the master fault in the study area, which differentiates southern margin of the 

Hammerfest Basin from the Troms-Finnmark Platform (see also Gabrielsen et al., 1990). The main 

phase of extension along the TFFC started in the early Kimmeridgian and diminished in the early 

Barremian (Figures 3.12 and 3.17A) (Faleide et al., 2008; Gabrielsen et al., 1990) but an episode 

of extension took place in Middle to Late Devonian-Carboniferous (Gabrielsen and Færseth, Koehl 

et al., 2018; 1988; Roberts, 1971; Worthing, 1984). The Alke structure initiated in the hangingwall 

of the TFFsC due to its fault plane geometry and was developed from the early Kimmeridgian to 

early Aptian. The TFFC is within the study area comprised of a southern segment striking NE-SW 

and a northern segment striking ENE-WSW to E-W (Gabrielsen et al., 1990; Indrevær et al., 2017). 

On the scale of study area, the present day hard-linked TFFC is comprised of numerous small 

segments with associated small depocenters, as suggested in the contour lines in figure 3.4, which 

propagated through time and linked up to form large depocenters in the hangingwall of the TFFC. 

In study area, the TFFC is divided coarsely in four horizontal subsegments (subsegment 1 to 4) 

striking between NE-SW and ENE-WSW. These horizontal subsegments are hard-linked and carry 

depocenters in the hangingwall of subsegments 1 and 4 whereas rollover with a depocenter in 
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proximal part of subsegments 2 and 3 of the TFFC. The Alke structure started to develop in 

episodes from the early Kimmeridgian-early Aptian during the main phase of extension along the 

TFFC. The continued extension and doming resulted in collapse of the rollover associated with 

doming along the gravitational collapse faults in the hangingwall of the TFFC. 

4.2.2 The second order faults: 

Second order faults identified in the hangingwall of the TFFC can be divided in two categories: 

gravitational collapse faults and accommodation faults. Most of these gravitational collapse and 

accommodation faults are coeval but they have a different relation to the Alke structure. Faults C-

1 to C-8 that are related to the gravitational collapse of the Alke structure are located proximal to 

the master faults and positioned in highs H-1 and H-2 of the Alke structure in hangingwall of the 

TFFC. However, faults FP-1 to FP-4 are located in distal part of the hangingwall of the TFFC. 

Gravitational collapse faults (CF-1 to CF-8) are secondary faults in the context of development of 

the Alke structure. These faults initiated in hangingwall of the TFFC at different times. Faults C-

1 to C-3 situated in high H-1 of the Alke structure simultaneously with development of high H-1 

of the Alke structure in the early Kimmeridgian. Whereas faults C-4 to C-6 located in high H-2 

was activated contemporaneously with high H-2 in the Tithonian time and faults C-7 and C-8 were 

originated in the Tithonian. During extension along the master fault (the TFFC), these faults (CF-

1 to CF-8) served as accommodating strain in hangingwall of the TFFC. These gravitational 

collapse faults (CF-1 to CF-8) are related and they define three major fault systems striking NW-

SE to NE-SW representing gravitational collapse of the rollover in the hangingwall adjacent to the 

TFFC (Figure 3.7). 

Accommodation faults (FP-1 to FP-4) in hangingwall of the TFFC are tertiary in the context of 

development of the Alke structure and have less effect on the structure. These faults strike NE-SW 

to NW-SE centered in the Alke structure and propagated out radially from the Alke structure. Of 

these faults, FP-1 and FP-2 are related to accommodation of stain during the development of the 

Alke structure in the hangingwall of the TFFC. In the Tithonian, these faults were initiated 

simultaneously with the Alke structure and propagated outwards to the northern side of the Alke 

structure as the doming of the Alke structure increased. This is strongly suggested by along-strike 

shift of the associated hangingwall half grabens of these faults from the early Kimmeridgian to 

early Barremian (Figures 3.4 and 3.8). Faults FP-3 and FP-4 are located outside the Alke structure 
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in distal part of the hangingwall of the TFFC. These faults are also coeval with the Alke structure 

except the fault FP-4(a) and related to the Late Jurassic-Early Cretaceous extension of the TFFC 

but they do not have a significant impact on the development of the Alke structure. 

4.2.3 Growth of the Alke structure through time: 

The Alke structure did not form as a single geological event, but rather developed in several stages 

from the early Kimmeridgian until the early Aptian (Table 3.1). Subsidence along the Troms-

Finnmark Fault Complex started in the early Kimmeridgian in the study area (Figure 3.17A) which 

originated the Alke structure in its hangingwall. Onlap configuration in the early Kimmeridgian 

sequence in high H-1 of the Alke structure clearly suggests the onset of high H-1 in the early 

Kimmeridgian. High H-1 continued to develop periodically in the hangingwall along the TFFC 

during the extension until the early Aptian. Smooth edges of fault blocks of the early Berriasian 

reflections (Figures 3.17A and 3.18A) indicate the Alke structure was a positive feature and 

exposed to erosion due to sediments starvation during that time.  

The middle Barremian reflections (Figure 3.18A) drapes over the entire Alke structure, which 

marks break in the development of high H-1 of the Alke structure from the early Kimmeridgian to 

middle Barremian. Extension along the TFFC was also terminated by the early Barremian but the 

late development of the structure was related to the gravity driven movement along the upper soft-

linked segments of faults C-1 and C-2 until the middle Aptian. Onlap patterns of the early Aptian 

sequence on the middle Barremian sequence perhaps indicate rejuvenation of the Alke structure 

for a short pulse from the late Barremian to the early Aptian possibly due to inversion (related to 

uplift of the Loppa High) because the TFFC was abandoned by the early Barremian (Figure 

3.18A). These onlaps may also be related the differential compaction possibly occurred at the 

flanks of the Alke structure due to the differential load of pile of sediments (~1600m) at the flanks 

of the Alke structure compared to the to its crest. The Alke structure was exposed to erosion after 

the middle Barremian as defined by the toplap truncations (Figure 3.17B) of the middle Barremian 

reflections. 

Development of high H-2 of the Alke structure started in the Tithonian defined by the onlap 

configuration in the Tithonian sequence (Figure 3.17B). High H-2 initiated after high H-1, 

developed at the same rate and same geological events as H-1, and ceased in the early Aptian. 

High H-3 was initiated in the early Berriasian defined by the onlap configuration in the early 
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Berriasian sequence (Figure 3.18B) and stopped in the early Aptian. Mechanisms involved in 

doming of H-3 may be different from H-1 and H-2 but H-3 has also been through the same 

sequence development and erosion. Potential mechanisms of the development of the Alke structure 

will be discussed in section 4.3. The highs H-1, H-2 and H-3 of the Alke structure started at 

different geological times which is reflected in the height differences among highs where H-1 

(Figure 3.18A) with large height and H-3 with small height. 

4.2.4 Gravitational collapse of the Alke structure: 

The faults (C-1 to C-8) located in highs H-1 and H-2 have initiated simultaneously with initiation 

of highs of the Alke structure. In the early Kimmeridgian, second order faults were created in 

hangingwall of the TFFC due to the extension along the TFFC. Gravitational collapse faults C-1 

to C-3 in high H-1 accommodated strain H-1 in the hangingwall of the TFFC and during doming 

of H-1 of the Alke structure (coeval with the faults) aided to the gravitational collapse of the 

rollover of the Alke structure simultaneously (Figures 3.7 and 3.15). In the Tithonian faults C-4 to 

C-8 and high H-2 of the Alke structure were initiated concurrently in the hangingwall of the TFFC. 

These faults in H-2 have accommodated the strain and contributed in the collapse of H-2 with its 

growth. Accommodation faults (namely FP-1(a), FP-1(b), FP-2(a) and FP2(b)) in distal part of 

the hangingwall in H-3 of the Alke structure started in the early Kimmeridgian due to growth of 

H-1 during that time. The point of nucleation of these faults lied within H-1 of the Alke structure 

and they propagated outwards in a radial fan shaped due to increased doming as defined by the 

shift of accommodation spaces along these faults in figure 3.12 through time. During the onset of 

H-3 in the early Berriasian, these faults contributed in structural collapse of H-3. These faults 

clearly predate initiation of H-3 of the Alke structure and primarily originated from doming of H-

1 then later acted as structural collapse surfaces for H-3. 

4.3 Potential mechanisms contributing to the development of the Alke 

structure 

As mentioned in introduction to this chapter there are at least four potential mechanisms that may 

explain the generation of the Alke structure. These models will be discussed in the coming in the 

following order: 

1. Relay ramp 
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2. The convex geometry of the master fault: the Troms-Finnmark Fault Complex 

3. Tectonic inversion 

Salt mobilization can also results in the generation of a high standing structural elements (salt 

domes) that in size and geometry may be comparable to the Alke structure. Accommodation faults 

(FP-1 to FP-3) identified in the hangingwall of the TFFC are centered in the Alke structure and 

propagate outwards defining a radial fan shaped pattern (Figure 4.1). Such radial fans are typical 

for salt-related features. However, no evaporites of significant amounts are possible to observe 

within the study area, neither in the core of the Alke structure (Figure 3.17A) nor in the western 

parts of the Hammerfest Basin (Gabrielsen et al., 1990). It is therefore concluded that the Alke 

structure is not influenced by any salt mobilization. 

4.3.1 Model 1 - Relay ramp 

The TFFC is divided in four subsegments within the study area (even though it displays several 

small subsegments as reflected from contour lines in figure 3.4). The growth and linkage of these 

subsegments may have played an important role in development of the Alke structure (Figure 

4.2A). In the initiation stage (first and second stages in figure 4.2A), subsegments 1 and 4 of the 

TFFC nucleated with less subsidence encompassing small depocenters DC-1 and DC-3 

respectively in hangingwall of the TFFC. Continued displacement along subsegments 1 and 4 of 

the TFFC caused further propagation and along-strike overlapping of subsegments producing a 

relay ramp between subsegments 1 and 4 during third stage (Figure 4.2A). All the subsegments in 

the study area breached the surface except part of the subsegment 4 that ended up as a blind fault 

beneath the Alke structure as presented in section AA’ in figure 4.2B. This mechanism of fault 

linkage formed large depocenters (DC-1 and DC-3) in the hangingwall of subsegments 1 and 4 

and the Alke structure in the old relay ramp above the blind part of subsegment 4 (Figure 4.2). 

The model of Khalil and McClay, (2017) discusses the lateral linkage of segments and associated 

depocenters and highs. It suggests that initiation stage is characterized by a monocline above the 

blind fault tip. As the fault segments grow along-strike due to increased displacement, a relay ramp 

between the overlapping fault segments is created and each fault segment carries a syncline in the 

hangingwall. This relay ramp is breached by fault segments during the linkage stage, forming a 

high at the breached relay ramp. However, due to poor seismic imaging in deeper parts of the Alke 

structure such structures is not possible to observe in the data. 
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Figure 4.2: A) Schematic diagram shows possible model for the different stages of the mechanism of 

horizontal linkage of the Troms-Finnmark Fault Complex. The different stages show interaction between 

the subsegments of the TFFC and development of the associated depocenters through these stages. The 

concept of the figure is based on Andreas and Schlische (1994). B) Schematic cross section along AA’ 

shows a possible location of a blind fault and its effect on overlying sequences. A blind fault at depth may 

cause a monocline-rollover pair similar to the Alke structure in the overlying sediments. 
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4.3.2 Model 2 - Tectonic inversion 

In this section, the effect of tectonic inversion on the Alke structure along with selected examples 

from seismic data will be discussed. Phases of tectonic inversion events in the study area will be 

will be set in context with previous studies. Tectonic inversion is reported by many authors 

previously along the TFFC (Gabrielsen and Færseth, 1989; Indrevær et al., 2017; Mulrooney et 

al., 2017; Rønnevik et al., 1982; Ziegler et al., 1986). In the study area, there are some inversion 

related structures identified along the Troms-Finnmark Fault Complex. These structures include: 

1. Reverse drag geometries and asymmetric anticlines in the hangingwall of the TFFC 

2. Reverse faults 

4.3.2.1 Reverse drag geometries and asymmetric anticlines in hangingwall of the 

TFFC 

Along the strike of the Troms-Finnmark Fault Complex some of the identified inclined anticlines 

and reverse drag geometries (potentially snake-head structures) in the hangingwall suggest an 

episode of inversion in between the main Middle Jurassic to Early Cretaceous extension (Figure 

3.19A and B). The reverse drag geometries of the seismic reflections encountered on the eastern 

margin of the Alke structure in the hangingwall of the TFFC (Figure 3.19A) in the early Tithonian 

to early Aptian sequence with a minor normal drag in the early Aptian reflections define a snake-

head structure. This snake-head structure in combination with a small normal drag in the early 

Aptian sequences suggests local shortening. Another example of a snake-head structure is shown 

in figure 3.19B positioned along the eastern margin of depocenter DC-3. The reverse drag 

geometries in the immediate hangingwall of the TFFC in the Tithonian to late Berriasian sequence 

displays a classic snake-head structure indicating head-on contraction. Time constraint of that 

inversion is poor given the low quality of seismic data in the immediate hangingwall of the master 

fault due to fault shadowing. Nevertheless, the dim reflections in the second example (Figure 

3.19B) could possibly represents onlap configurations that indicate the onset of inversion in the 

early Hauterivian and perhaps diminished in early Aptian time. However, there might be single 

phase of inversion or several phases of inversion in that period. 

An inclined anticline along fault C-5 with axial plane dipping 78oSE identified in the late Tithonian 

to early Barremian sequence shown in figure 3.19C displays geometry of a potential snake-head 
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structure. The low angle geometry and soft link of vertical segments of fault C-5 perhaps initiated 

the anticline as an extensional feature which was later tilted by inversion. The elevated geometries 

of growth sequences in the proximal hangingwall of the TFFC can be related to inversion, normal 

drag during later extension and/or a sediment starved setting during faulting causing relief on the 

seabed and sediments derived from the footwall to deposit along and onto the fault escarpment 

(Figure 3.19C). Figure 3.19D displays another example of inclined anticline (axial plane dipping 

~80oSW) along fault FP-3(a) in the distal hangingwall of the TFFC at the northwestern side of the 

Alke structure (location in index map). The mechanism involved in genesis of the anticline could 

be same as suggested above. 

4.3.2.2 Reverse faults 

Reverse reactivation of pre-existing normal faults is a strong indication of inversion but 

reactivation of faults is not commonly found in the study area. Fault C-4 is a normal synthetic fault 

in proximal hangingwall of the TFFC. A small segment of fault C-4 identified in high H-2 of the 

Alke structure (Figure 3.20A) is a candidate for a reverse fault that may suggest contraction in the 

area. The fault segment is very small scale and can be traced 10-15 consecutive interval in the 3D 

seismic cube. The fault influenced the early Pliensbachian to Kimmeridgian sequences with 

vertical displacement up to 120m and a normal drag in the hangingwall above the fault plane. The 

fault predates the inversion as it was initiated in the early Kimmeridgian as normal fault and 

subsequent inversion disturbed the sense of movement along the fault. A small-scale fault 

identified on eastern margin of high H-3 of the Alke structure display reverse reactivation of the 

normal fault (Figure 3.20B). In deeper parts (from the early Norian to early Tithonian) the fault 

exhibits extension that switches to contraction upsection in the late Tithonian to early Berriasian 

sequence and ends up as a blind fault with monocline at top (Figure 3.20B). The vertical throw 

along the reversed segment of the fault is 25m while normal segment is ~65m. The fault is small 

scale (can be followed for 7 to 8 consecutive intervals in 3D seismic cube) and situated outside the 

Alke structure. Faults mentioned in this section are minor faults but they clearly give an important 

indication of localized inversion in the late Tithonian to early Berriasian in the study area. 

The aforementioned inversion structures indicate the pulses of inversion in between the Middle 

Jurassic to Early Cretaceous extension event in the study area. The inversion structures indicate a 

variety of timing from the late Tithonian to early Aptian. The exact timing of inversion is difficult 
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to pin point. However, the early Hauterivian to early Aptian period is suggested herein (Figure 

3.19B). 

The inversion may be linked to the initial phases of the Late Jurassic Early Cretaceous uplift of 

the Loppa High (Indrevær et al., 2017; Wood et al., 1989). There was clearly a component of 

inversion involved in development of the Alke structure, which emphasized the structure. The 

Loppa High is an uplifted Triassic-Jurassic depocenter that lead to space accommodation problems 

along its margins due to widening of the high with depth generating the lateral compressive stresses 

(Indrevær et al., 2017). The unbalanced local horizontal stress field generated by the asymmetric 

shape of the Loppa High during the uplift creates uneven stress pattern which was linked to 

wrenching (Indrevær et al., 2017) mentioned in previous studies (L. T. Berglund et al., 1986; 

Gabrielsen and Færseth, 1989, 1988; Gabrielsen et al., 1997; Riis et al., 1986; Rønnevik et al., 

1982; Sund et al., 1986). These far-field compressive stresses may have travelled through the 

crystalline basement of the Hammerfest Basin and resulted in the strain accumulations in the Alke 

structure and the Goliat anticline in hangingwall of the curved segments of the TFFC (Indrevær et 

al., 2017). The above statement can be supported by inversion related structures identified in the 

Alke structure and the Goliat anticline (e.g. Indrevær et al., 2017; Mulrooney et al., 2017). 

However, the Goliat anticline is linked mainly to the geometry of the TFFC in the area by 

Mulrooney et al., (2017). 

The theory presented above is not tested further to confirm the case herein although the small scale 

inversion structures encountered in the area may be linked to uplift of the Loppa High. The amount 

of shortening in the study area seems limited as shortening structures, although present, are few 

and far between. Based on the above discussions it is concluded that the Alke structure likely has 

been influenced or modified by inversion during early Hauterivian to early Aptian times, although 

inversion may not explain the complete evolution of the structure. 

4.3.3 Model 4 - The convex geometry of the master fault: the Troms-Finnmark 

Fault Complex 

The objective of this section is to present the fault plane geometry of the master fault (the Troms-

Finnmark Fault Complex) in the study area and its relationship to the Alke structure. The 

interpreted fault plane geometry from seismic data will be compared with constructed fault plane 
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geometries from 2D Move. Fault plane geometry predicted by 2D Move based on the hangingwall 

deformation was analyzed and used to reconstruct the geometries of the structures in the 

hangingwall. 

Quality of the seismic data does not allow the interpretation of the TFFC in deeper levels but 

combination of the 2D and 3D seismic data made it possible to interpret the fault plane relatively 

deep. The interpreted TFFC from the seismic data was taken to 2D Move together with interpreted 

sequence top (top of the Stø Formation). The fault plane geometry was constructed from the 

geometry of the hangingwall (top of the Stø Formation) and the interpreted fault plane of the TFFC 

from seismic data utilizing the constant heave-, the constant slip- and the constant bed length 

methods. The constructed fault plane geometry by 2D Move was further used to reconstruct a 

dome corresponding to the Alke structure in the hangingwall of that fault. The shear angle used in 

construction of the fault plane geometry was 66o calculated from the fault C-1 in hangingwall of 

the TFFC assuming the latest movement occurred along that fault. 

The simulations from 2D Move taken at four different locations through depocenters DC-1 and 

DC-2 and highs H-1 and H-2 of the Alke structure along the TFFC in order to compare the 

calculated geometries of the TFFC next to and away from the Alke structure. Sections 1 and 4 that 

crosses depocenters DC-1 and DC-3 respectively (example along DC-3 using constant bed length 

principle is shown in figure 4.3) represent cross-sectional geometry of the TFFC at deeper levels. 

Sections 2 and 3, beneath highs H-2 and H-1 of the Alke structure respectively, display a convex 

upward geometry (example along H-1 using constant bed length principle is shown in figure 4.4) 

of the TFFC in deeper units from all the three applied principles, namely the constant heave, the 

constant slip and the constant bed length. This convex geometry was considered to have a link 

with the Alke structure and was further tested to analyze its effect on the Alke structure. 

Ramp-flat-ramp fault plane geometry is a potential candidate for generating a dome comparable 

to the Alke structure in the hangingwall as supported by the experimental model of McClay and 

Scott, (1991). Moreover, the ramp-flat-ramp geometry of the TFFC influenced the east-dipping 

limb of the Goliat anticline (Mulrooney et al., 2017) which makes ramp-flat-ramp geometry 

important for genesis of the Alke structure. However, none of the three utilized methods used for 

reconstruction of geometry of the TFFC from 2D Move predicted ramp-flat-ramp geometry for the 

fault in the area. Hence, the ramp-flat-ramp geometry for the TFFC was abandoned. 
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Figure 4.3: A) Constructed geometry of the TFFC outside the Alke structure in 2D Move and the simulated 

horizons in its hangingwall. The green horizon, behind the simulated (black) horizons, displays the 

geometry of the interpreted sequence top from the 3D seismic data (top of the Stø Formation). B) 

Comparison of the constructed fault geometry (from figure A) in 2D Move and fault geometry interpreted 

from 3D seismic data. Inset map displays the location of the section. 
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The predicted convex fault plane geometries from 2D Move was used for simulation of the 

structures in the hangingwall using the “simple shear” method to compare it with the Alke 

structure. The simulated structure in the hangingwall of the fault plane geometries predicted from 

all the three aforementioned principles produced domes in the hangingwall of different sizes. 

However, fault plane geometry constructed from the constant bed length principle produced a 

dome similar to the Alke structure. For further analysis of the convex geometry of the TFFC, the 

fault plane geometry constructed from the constant bed length was exaggerated to see the behavior 

of the structures in the hangingwall. In all cases, the hangingwall produced domes similar to the 

shape of the Alke structure but different in sizes. The final attempt to verify the case was by 

extrapolating the interpreted TFFC from 3D seismic data deeper down and maintaining the convex 

geometry. The dome formed in the hangingwall in 2D Move was almost similar in shape and size 

(amplitude: 600m and wavelength: 8000m) with that of the observed dome of the Alke structure 

(amplitude: 500m and wavelength: 7500m). The small differences in the amplitude and 

wavelength of both the observed dome from seismic data and the simulations from 2D Move are 

due to accommodation of strain along the gravity collapse faults in the hangingwall that are not 

considered during simulations in 2D Move. The simulated fault with convex geometry was 

compared with the 3D seismic data that display a very good fit of the geometry of the fault with 

the data (Figure 4.4). 

The constructed geometries of the TFFC from 2D Move along different sections (Figures 4.3 and 

4.10) display different geometries of the fault plane. In the vicinity of the Alke structure, the 2D 

move predicted the convex geometry whereas next to the Alke structure the predicted geometry is 

concave upwards and decreasing angle with depth. The convex geometry of the TFFC, as predicted 

from 2D Move, is considered important for genesis of the Alke structure and this geometry can be 

related to the vertical segmentation of the TFFC. Vertical segments that propagate with different 

dip angles can make a convex shape geometry at the point of linkage. Previous studies have 

reported such fault geometries (Gabrielsen, 1984; Gabrielsen et al., 1990; Mulrooney et al., 2017). 

Furthermore, the Goliat anticline on the eastern side of the Alke structure was linked to ramp-flat-

ramp and listric geometries of the TFFC (Mulrooney et al., 2017). However, the extensional fault 

linkage model from Khalil and McClay, (2017) discusses that the fault plane can vary considerably 

along strike in both subsidence and geometry. Therefore, it is concluded here that the ramp-flat-
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ramp geometry of the TFFC in the Goliat area may have changed along strike and converted to 

locally convex upwards geometry in the Alke area. 

High H-3 of the Alke structure, as seen in Figure 4.4A, cannot be reconstructed from the 

simulations in the 2D Move software tool using the convex fault plane geometry. This may indicate 

that highs H-1 and H-2 of the Alke structure initiated in the early Kimmeridgian and the Tithonian 

respectively in hangingwall of the TFFC due to the convex upward fault plane geometry. 

Subsequently in the early Berriasian high H-3 started to develop due to either local contraction 

(see section 4.3.3 Tectonic inversion) that may be linked to far field stresses generated by the early 

stages of the Late Jurassic to Early Cretaceous uplift of the Loppa High. This strange behavior of 

H-3 may be related to a “corner effect”, where contractional strain has accumulated within the 

corners of zigzag geometry of the TFFC in map view during inversion, similar to what may be the 

case for the Goliat anticline. As discussed in section 4.3.2 Tectonic inversion that stresses from the 

Loppa High may have travelled through the crystalline basement of the Hammerfest Basin 

(Indrevær et al., 2017) and resulted in strain accumulation in the Alke structure and the Goliat 

anticline. Another possible explanation for development of H-3 of the Alke structure can be, 

somewhat, linked to the hypothesis presented in section 4.3.1 Relay ramp that there might be a 

blind fault underneath H-3 which could not be picked in available quality of the seismic data at 

deeper levels. The dilemma of H-3 could not be resolved in this study; however, it should be kept 

open for discussion in future studies. 
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Figure 4.4: A) Extrapolated geometry of the TFFC in high H-1 of the Alke structure in 2D Move and the 

simulated horizons in its hangingwall. The green horizon, behind the simulated (black) horizons, displays 

the geometry of the interpreted sequence top from the 3D seismic data (top of the Stø Formation). B) 

Comparison of the extrapolated fault geometry (from figure A) in 2D Move and fault geometry interpreted 

from 3D seismic data. Inset map displays the location of the section.
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Chapter 5: Conclusion 

This study presents the detailed structural mapping of the Alke structure and the surrounding area 

located in the hangingwall of the Troms-Finnmark Fault Complex. Main findings of the study are 

summarized as follows: 

 The Alke structure is divided in three high standing structural elements based on their 

heights and timing of initiation termed as highs H-1, H-2 and H-3. 

 The development of the Alke structure through time influenced the depositional pattern in 

the hangingwall of the Troms-Finnmark Fault Complex. The subsidence along the Troms-

Finnmark Fault Complex developed depocenters and accommodation spaces in its 

hangingwall from the early Kimmeridgian to early Barremian. The early Barremian-early 

Aptian period is marked by the postrift subsidence in the Hammerfest Basin and the 

detachment of depocenters from the Troms-Finnmark Fault Complex. The shift of the 

depocenter in the hangingwall of subsegment 1 of the Troms-Finnmark Fault Complex 

towards the Ringvassøy-Loppa fault Complex may defines the onset of the Ringvassøy 

Fault Complex. The early Aptian to mid Cenomanian is characterized by filling up the 

topography in the hangingwall of the Troms-Finnmark Fault Complex and postrift 

subsidence towards the center of the Hammerfest Basin. 

 The main Late Jurassic-Early Cretaceous subsidence along the Troms-Finnmark Fault 

Complex was initiated in the early Kimmeridgian and diminished in the early Barremian 

followed by postrift subsidence in the study area. 

 Second order faults observed in the Alke area in the hangingwall of the TFFC are of 

different status. Faults C-1 to C-8 in highs H-1 and H-2 are gravitational collapse faults 

that accumulated strain during the development of the Alke structure and served as 

gravitation collapse surfaces for H-1 and H-2 of the Alke structure. Faults FP-1(a), FP-

1(b), FP-2(a) and FP-2(b) in high H-3 are accommodation faults that are partly related to 

the gravitational collapse of H-3 and these were nucleated in the northern margin of H-1 

and propagated outwards in a radial pattern. Subsequently during the development of H-3 

these faults aided to the gravitational collapse of H-3. 

 Highs of the Alke structure were initiated at different times and developed through the 

same events until the early Aptian. The high H-1 started in the early Kimmeridgian 
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followed by the onset of H-2 and H-3 in the Tithonian and the early Berriasian respectively. 

The Alke structure was subjected to episodes of erosion in the early Berriasian and the 

early Aptian. 

 Based on observations and analysis from the 3D seismic data and the 2D Move software 

tool it is concluded that highs H-1 and H-2 of the Alke structure is mainly linked to the 

convex upwards fault plane geometry of the Troms-Finnmark Fault Complex and later 

influenced by tectonic inversion that possibly occurred in the early Hauterivian to early 

Aptian. The origin of high H-3 is difficult to explain from extension using the analysis of 

2D Move software tool. However, based on the coincidence in onset of H-3 and the 

proposed timing of inversion it is suggested that H-3 can be related to contraction either 

local or regional such as the consequence of far-field stresses generated from the early 

stages of the Late Jurassic-Early Cretaceous uplift of the Loppa High. Whether it can be 

linked to a blind fault at depth could not be resolved in the available seismic data. The 

exact timing and amount of inversion is unknown, although the Hauterivian-early Aptian 

period is suggested due to possible onlaps. 
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