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Abstract 

This work was done based on 19 seismic lines from Van Mijenfjorden, collected during 

Svalex in 2007 and 2008. In the first part of the thesis the seismic data, with particular 

emphasis on removal of seabed multiples have been described. In the second part of the thesis 

the profiles are broadly interpreted. The interpretation part emphasized on identifying large-

scale structures and to interpret the different seismic units on the basis of a pre-defined 

seismic stratigraphic framework of western Spitsbergen. 

 

The challenging part of data processing was to remove the strong, dominant seabed multiples 

in shallow water. These are generated as a result of abnormally high velocities in the seabed, 

estimated at up to 4.5 km/s from the seabed refractions on the shot collections. Most of the 

actual arrivals are masked by multiples as relatively shallow water depths (100-200 m) leads 

to short distances between multiples. Multiple removal was performed by applying a variety 

of different data processing steps. CDP positions, shot and receiver collections were 

calculated, and velocity filtering was performed on data sorted according to each of these 

positions. 

 

By sorting the receiver collection, one can simulate collections that are shot in the opposite 

direction. Estimation of the velocity filter on this sorting will be somewhat different from the 

estimated filter of the shot collection, as apparent velocities are different when one shoots 

"up-dip" or "down-dip". The result appears to be considerably better than the velocity 

filtering performed only on CDP-collections. Then deconvolution was applied on the seismic 

data, a process that estimated filters for both the shot position, receiver position and offset 

values to remove what is left of multiples in the water layer (pre-critical reflections and small 

angles-of-incidence) before FK and Radon filtering. This processing sequence worked well 

where there was high velocity in the seabed and shallow water. In addition, a number of 

processes were applied, among other things, to improve the signal/noise ratio. Velocity 

analysis, pre-stack migration and a final frequency filtration of the data were also performed.  

 

The data were interpreted with the support of former on- and offshore surveys from western 

parts of central Spitsbergen. A series of continuous reflectors under Van Mijenfjorden depicts 

a broad, asymmetric syncline, the central Spitsbergen basin, with deposits of Tertiary age. 
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Furthermore, units from Cretaceous to Permian were identified. Jurassic and Lower 

Cretaceous layers have a clear thickening to the east. This is interpreted as compacting of 

faulted material and further amplified by reverse faulting and formation of duplexes related to 

a detachment in the Lower Jurassic. The unit of Permian age has a similar thickening to the 

west. The study area is increasingly deformed towards the west, where eight large reverse 

faults with increasing dip towards the west, with some uncertainty, is interpreted through all 

the profiles. 

 

The study area is divided into two tectonic zones, based on correlation with previous studies 

in the area: the west is characterized by the foreland oriented zone of the western Spitsbergen 

fold and fault belt, defined by thin skin folding and faulting structures. A foreland province 

dominated by the Spitsbergen Central Basin characterizes the eastern part of the study area. 
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1 Introduction  

The study area in this work includes the outer part of Van Mijenfjorden on the west coast of 

Spitsbergen, the largest island that make up Svalbard. This Arctic Archipelago is located 

between 74 ° - 81 ° N and 10 ° - 35 ° E. The geology of the study area is dominated by a 

large-scale syncline (see Figure 1.1); the main basin to the east and the eastern zone of the 

west Spitsbergen fold and fault belt in the west. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1: Svalbard. This Arctic Archipelago is located between 74 ° - 81 ° N and 10 ° - 35 ° E. The study area 

is in Van Mijenfjorden. 
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The thesis is based on multichannel seismic data, collected along 19 lines during Svalex 2007 

and 2008 (Cruise report 2007 and 2008). The lines cover an approximately 30 x 7 km wide 

area in the western part of Van Mijenfjorden, and belong to two different grids, oriented 

SSW-NNE and WSW-ENE (Figure.1.1). 

 

The study presented in this work addresses processing of seismic data in a way that the best 

possible imaging of sub-surface geological structures can be achieved. Firstly, in chapters 2 

and 3 the fundamental geology of the study area will be reviewed. Chapter 4 gives a review 

about the fundamentals of geophysics including data acquisition, processing and 

interpretation. In Chapter 5 and 6 result of the processing and interpretation of the seismic 

data from the Svalbard area will be given. In the processing part there is particular emphasis 

on removal of strong seabed multiples which are very dominant in the seismic raw data 

collected. In the interpretation chapter, the aim is to present a rough interpretation of the data, 

where the main emphasis will be on correlation of seismic units and to identify the dominant 

deformation structures in the area. Chapter 7 and 8 gives the discussion and concluding 

remarks of this study. 
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2 Fold- and-Thrust -Belts  

This part is an introduction of general aspects to fold-thrust belts. Geologic terranes, in which 

regional horizontal tectonic shortening of the upper-crust yields a distinctive development of 

thrust faults, and related folds, are called fold-thrust belts or fold-and-thrust belts (Pluijm and 

Marshak, 2004). 

 

Fold-thrust belts are developed due to contraction faults, which are faults that cause 

shortening of the crust. Contraction fault with dip greater than 30-45° are usually called 

reverse faults and low to medium angled contraction faults (30-45°) are usually referred to as 

thrust faults. A thrust fault should have dominant dip-slip movement, and in principle, 

emplace older rocks above younger rocks so that the stratigraphy in vertical direction is 

duplicated (Fossen and Gabrielsen, 2005). Thrusts require high pore pressures beneath the 

thrust plane to develop. The body of rock above the fault plane that has been transported due 

to thrusting is called a thrust sheet. Horizontal beds of sediment may become tilted or folded 

because of thrusting.  

 

Contraction faults are formed mainly at convergent plate boundaries and collision zones 

(Figure 2.1), whereas thrust faults will always choose the lightest transport direction (Pluijm 

and Marshak, 2004). 
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Figure 2.1: Regional cross sections depicting stages of fold-thrust belt development, first during convergent-

margin tectonism and then during continent-continent collision. (a) Passive margin strata are deposited on 

thinned continental crust. In this sketch, basins on opposite sides of the margin do not have the same shape, 

because the basement beneath underwent different amounts of stretching. The so-called lower-plate margin 

underwent more stretching, whereas the so-called upper-plate margin underwent less stretching. (b) With the 

onset of convergence, an accretionary prism develops that verges towards the trench, and a backarc fold-thrust 

belt forms cratonward of the volcanic arc and verges towards the upper-plate craton. (c) Eventually the two 

continents collide. A fold-thrust belt forms in the foreland of the orogen on both sides of the orogen. Slivers of 

obducted ocean crust may separate lower-plate rocks from the metamorphic hinterland of the orogen and define 

the suture between the two plates (Pluijm and Marshak, 2004). 

 

Typically, ramps curve and change strike along their length. A frontal ramp is a ramp 

segment that strikes approximately perpendicular to the direction in which the thrust sheet 

moves (Figure 2.2), a lateral ramp is a ramp segment that cuts upsection laterally and strikes 
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approximately parallel to the direction in which the thrust sheet moves, and an oblique ramp 

is a ramp segment that strikes at an acute angle to the transport direction. Note that dip-slip 

movement dominates on frontal ramps, oblique-slip movement dominates on oblique ramps, 

and strike-slip movement dominates on lateral ramps. Lateral or oblique ramps that break a 

thrust sheet into segments that move by different amounts into the foreland are tear faults. 

 

 

Figure 2.2: Three-dimensional block diagram 

illustrating different types of fault ramps 

(hanging wall removed). Tear faults are vertically 

dipping oblique ramps or lateral ramps (Pluijm 

and Marshak, 2004). 

 

 

 

 

 

 

A fold-thrust beltôs geometric characteristics depend on the ductility of the rock sequence and 

the ductility contrast between the layers in the sequence. All the faults related to the same 

detachment fault or decollement is referred to as a thrust system (Jackson, 1997).  

 

Duplexs and imbricate fans are the two end member types of thrust systems. Imbricate zones 

have a fault geometry that propagates from a basal detachment surface and either breaks the 

surface, or die out in an upper zone (Pluijm and Marshak, 2004). In a duplex a series of 

thrusts with approximately the same orientation branches upwards from a lower decollement, 

also called a floor thrust, and merges with a higher decollement also called roof thrust (Figure 

2.3). Duplex faults (Figure 2.3) can be defined as the discarded shells ("horses") that are 

bounded by the ceiling and sole faults (Pluijm and Marshak, 2004). 

 

The faults that comprise duplexs and imbricate fans, do not all initiate at the same time but 

usually forms in a break-forward sequence (Figure 2.4). It means that one fault forms first 

and the next fault forms to the foreland side of the previous one and so forth. 
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Figure 2.3: Idealized flat-roofed duplex 

that develops by progressive break-

forward faulting. Note that the roof 

thrust undergoes a sequence of folding 

and unfolding, and that formation of the 

duplex results in significant shortening 

(Pluijm and Marshak, 2004). 

 

 

 

 

 

 

 

 
Figure 2.4: An idealized imbricate fan 

that develops by progressive break-

forward thrusting. Note that successively 

younger thrusts cut into the footwall, 

and older faults and folds become 

deformed by younger structures. The 

dashed lines are the traces of fold axial 

surfaces. In the cross section showing 

ñTime 3,ò the sequence of thrusts is 

labeled. Fault 1 is the oldest and Fault 3 

is the youngest. On this cross section, tip 

lines and branch lines are points; in three 

dimensions, they go into and out of the 

page (Pluijm and Marshak, 2004). 

 

 

 

Fold structures that commonly develop in foreland fold-thrust belts include fault-propagation 

folds, fault-bend folds and detachment folds. When hanging-wall strata move up over a thrust 

ramp or a bend in an underlying fault, a fold form because the sheet can not rise into the air at 

the top of the ramp due to pull of gravity. The hanging-wall strata instead bend to form an 

anticline, which is called a fault-bend fold (Figure 2.5) (Pluijm and Marshak, 2004). 
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Figure 2.5: (a) Cross-sectional model showing 

the progressive stages during the development of 

a fault-bend fold. The dashed lines are the traces 

of axial surfaces. (b) Photo of a fault-bend fold 

above the McConnell Thrust, near See bed, 

Alberta (Canada). These Paleozoic strata have 

been displaced over 5 km vertically and 40 km 

horizontally, and now lie above Cretaceous 

foreland basin deposits. The foreland basin 

deposits have preferentially eroded and are now 

forested (Pluijm and Marshak, 2004).  

 

 

 

 

 

Folding developing just in advance of the tip of a ramp as the ramp propagate updip is called 

fault-propagation folding. Detachment fold develop without the presence of the ramp. They 

are instead related to distributed deformation above a decollement or bedding-parallel thrust 

that typically propagate within thick shale or salt layers. 
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3 Geological Background 

In this chapter the structural and sedimentary development in the study area will be 

discussed. The aim is to provide an overview of the major lithostratigraphic units and 

structures. In the last century several different names and definitions have been given to the 

stratigraphic units in the Svalbard area, which is a result of extensive research activities in 

this area.  

 

The study area is located in the Barents Sea between 74 and 81  N and 10 Á and 35 E. The 

Cenozoic uplift has been more extensive in the northern and western parts and it shows 

progressively younger rocks towards southeast and south. Svalbard has an extensive post-

Caledonian geological record including rocks ranging from the Devonian to the paleogene 

period. During this time period Svalbard has also moved northwards from a position near the 

equator to its current position (see Figure 3.1). 

 

The post-Devonian depositional and tectonic evolution of Spitsbergen has also been greatly 

influenced by N-S and NNW-SSE structure lineaments. The most important lineaments are 

Billefjorden and Lomfjorden Fault Zones. As Figure 3.1 shows the geology of Spitsbergen 

may be divided into five units, metamorphic basement (Heckla Hoek), late Silurian-Devon, 

Carboniferous-Permian, Mesozoic, and Tertiary, respectively (Steel & Worsley, 1984; Eiken, 

1985). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Figure 3.1: Left: Location of Svalbard. Right: Geology of Spitsbergen. HFZ = Hornsund fracture zone,in green 

line, SFZ = Senja fracture zone in yellow line, LFZ  = Lomfjorden fracture zone,in blue line, BFZ = 

Billefjorden fracture zone.in red line ((Steel & Worsley, 1984). 



9 
 

3.1  Svalbard tectonic setting 

The Svalbard archipelago represents the northwestern uplifted portion of the submarine 

Barents shelf (Nøttvedt et al., 1993b; Dallmann, 1999) characterized by a complex mosaic of 

basins and platforms (Worsley, 2008; Nøttvedt et al., 1993a). Svalbard can be used as an 

onshore analogue of the Barents shelf region, as it shows great similarity in the Devonian 

stratigraphy (Nøttvedt et al., 1993b). 

 

The Western Svalbard continental margin is primarily a sheared margin with transtensional 

and transpressional components.  In this area from west to east there are the Knipovich 

Ridge, oceanic crust, continental-ocean transition (sheared margin), continental shelf and 

Spitsbergen, respectively (see Figure 3.4 ) (Faleide et al., 2008). Knipovich Ridge is an 

ultraslow spreading ridge. Between 50 and 100 km north of the coast of Svalbard is a steep 

continental slope boundary with the Eurasian Basin in the Arctic Ocean (Figure 3.2). The 

northwest corner of the shelf borders the Yermak Plateau (Figure 3.2), the northern part of 

which may be the remainder of an early Tertiary hot spot (Dallmann, 1999). On the 

northwestern Spitsbergen, there has been volcanic activity in both the Tertiary and 

Quaternary (Eiken, 1985). 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2: Regional setting, with a view of western Spitsbergen. EGM = East Greenland margin, YP = 

Yermak Plateau, SF and BF = Storfjord and Bear Island -fan. In view image defined western Spitsbergen fold 

and fault belt of the line marked WSFTB, and dark area marks the Spitsbergen Central Basin. IF = Isfjorden, 

VM = Van Mijenfjorden (Faleide et al., 2008 and Blinov et al., 2009). 
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Two major tectonic episodes, extension-related shear movements in the late Devonian and 

folding in the early Tertiary, can be characterized as the most important episodes in the 

development of the Svalbard archipelago as it stands today (Steel & Worsley, 1984). Varying 

tectonic regimes are reflected in the stratigraphic formations by changing patterns in sediment 

thickness and the origin and transport direction (Steel & Worsley, 1984). 

The tectonic framework of Spitsbergen is dominated by a series of NNW to SSE-oriented 

lineaments, formed by several tectonic episodes of approximately similar orientation on 

deformation direction. The clearest lineaments are Lomfjorden fault zone (LFZ), Billefjorden 

fault zone (BFZ), inner Hornsund and Paleo-Hornsund fault zones (Figure 3.3) (Steel & 

Worsley, 1984; Eiken, 1985). 

 

 

Figure 3.3: Image of major fault 

zones. Slightly modified from 

Braathen & Bergh (1995). 

HFZ = Hornsund fracture zone,in 

green line  

SFZ = Senja fracture zone in yellow 

line 

LFZ  = Lomfjorden fracture zone,in 

blue line 

BFZ = Billefjorden fracture zone.in 

red line 

 

 

 

Lineaments restrict a number of sedimentary basins. Among them is the Spitsbergen central 

basin (CSB), an asymmetric syncline that dominates large areas in central parts of 

Spitsbergen (Figure 3.2). Tectonic activity along the lineaments has taken place in most 

geological periods, but was most pronounced in the earliest and latest phases of sediment 

deposition period, in the Devonian, Carboniferous and early Tertiary (Steel & Worsley, 1984; 

Eiken, 1985). 
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3.2  Svalbard's geological development 

Figure 3.4 shows a geological map of Spitebergen and a cross-section of different zones of 

West Spitsbergen Fold and Thrust Belt (WSFTB), characterized by western hinterland, 

basement involved fold-thrust complex, central zone with thick skin folding and faulting and 

eastern foreland province from west to east, respectively (Blinova et al., 2009). 

 

 

 
Figure 3.4: Geological map of 

Spitsbergen (Hjelle, 1993) and cross-

section of a profile through the fjord. 

BFZ = Bill efjorden fault zone, 

FG = Forlandsundet graben, 

OL  = Oscar II Land, 

IF  = Isfjorden, 

NB = North block area, 

NL  = Nordenskiold Land. 
 

 

 

 

  

 

3.2.1 Precambrian- Paleozoic 

Heckla Hoek constitutes the bedrock of Spitsbergen. This unit consists of metamorphic 

sedimentary and igneous rocks of Precambrian to middle Ordovician age, and is defined as 

the rocks that were present during the Caledonian mountain chain folding in the middle 

Silurian (Dallmann, 1999). Mountain chain folding, which is called "New Friesland-orogeny" 

on Spitsbergen, was a result of closure of the Iapetus Ocean and subsequent collision between 

the Fennoscandian plate and the Greenland-Canada-plate (Laurentia). The rocks that make up 

the ¨Heckla Hoek¨ is folded and faulted, shows large local variations in the degree of 

metamorphism especially in the older parts, and is exposed in the western and northeastern 

parts of Spitsbergen and North Eastern (Birkenmajer, 81; Nøttvedt et al. 1993a; Dallmann , 

1999). In recent years, U-Pb zikron isotopic age determination has shown several 

Precambrian tectonic events which indicate that the unit has a poly-orogenic origin (Ohta, 

1994). 


























































































































































































