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Abstract 

 

A crustal model of a 322 km long transect from the Knipovich Ridge to Bear Island 

(Bjørnøya) has been obtained by use of reflection seismic data and wide angle Ocean Bottom 

Seismometer (OBS) data. Further constraints of the model have been provided by gravity 

modeling. The study is part of the IPY (International Polar Year) consortium ñPlate Tectonics 

and Polar Gateways in Earth Historyò. The primary objective is to gain detailed insights into the 

structure of oceanic crust created by the slow to ultraslow spreading Knipovich Ridge. A 

secondary objective is to investigate the southern part of the sheared Hornsund margin 

segment of the Western Barents Sea. The thickness of oceanic crust varies greatly along the 

profile, from 4 to 8 km. The youngest part of the oceanic crustal layer 2 is dominated by 

relatively low p-wave velocities of 4.4 km/s, while the older parts with a thicker sedimentary 

overburden have velocities varying from 5.2 to 6.2 km/s. These variations appear to be 

correlated to variations in the total crustal thickness. The continent ocean boundary (COB) 

has been located to a 15 km wide zone, and a new location of the COB is proposed for the 

area around the line. East of the COB, a downfaulted terrace is identified between the 

Hornsund Fault Zone and the Knølegga Fault. The Knipovich Escarpment is a prominent 

feature on this profile, marking a 3 km rise in the oceanic basement over 20 km. It is 

associated with a shallowing of the Moho, and is interpreted to mark the location of a 

detachment fault which developed around 10 Ma or later.  
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1 Introduction 
The study area of this thesis is the Norwegian-Greenland Sea and the Western Barents 

Sea margin (Figure 1.1). This area has been the subject of several studies the last 

decades. However, the magnetic anomalies of the oceanic crust are diffuse and difficult 

to identify , and the spreading history of the ridge is therefore poorly understood. 

Suggestions for the spreading history has ranged from strongly asymmetric spreading 

(Crane 1991), a ridge jump (Sundvor and Eldholm, 1979; Eldholm et al., 1990), or 

continuous, symmetric spreading on the same ridge with minor adjustments (Engen et 

al., 2008).  

In order to understand the spreading history in absence of magnetic anomalies, studies 

of the crustal structure and composition using refraction seismic methods with ocean 

bottom seismometers (OBS) are perhaps the best way to gain more knowledge. Only a 

few OBS studies have been conducted in this area to this date (Breivik and Mjelde, 2001; 

Ritzmann et al., 2002; Breivik et al., 2003; Ljones et al., 2004; Kandilarov et al., 2008; 

Czuba et al., 2010). This thesis presents the results from an OBS refraction experiment 

conducted in 2008, complemented by gravity measurements performed simultaneously 

to the refraction experiment and a multi channel data (MCS) line collected in 2006 

(Figure 1.1). The OBS spacing in this experiment is 16 km, making this the closest spaced 

OBS line in the area to date.  

The main purpose of this thesis is to construct a crustal scale P-wave velocity and 

density model for the area covered by this line, and interpret the model in order to 

better understand the geology of the area. Using this model, the geolocial evolution of 

the area, the nature of the Knipovich Escarpment and the location of the continent-ocean 

boundary (COB) at the Barents Sea margin will be discussed. 
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Figure 1.1:  Map of the study area with nearby OBS survey lines. 1, Breivik and Mjelde (2001) and Breivik 

et al. (2003); 2, Ljones et al. (2004); 3, Kandilarov et al. (2008); BI, Bear Island; BIN, Bear Island North 

profile  - this thesis; BIS, Bear Island South profile - Czuba et al. (2010); COB, Continent-Ocean Boundary; 

HFZ, Hornsund Fracture Zone; SH, Stappen High; SV, Svalbard, VVP, Vestbakken Volcanic Province.  
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2. Geological Background 

2.1. Spreading ridges 

Spreading ridges are constructive plate boundaries where new oceanic crust is 

generated. The crests of ocean ridges are commonly 2-3 km shallower than their nearby 

ocean basins (Keary and Vine, 1996).  The morphology of spreading ridges appear to be 

controlled by spreading rate (Macdonald, 1982). Macdonald (1982) recognized three 

categories of ocean ridges; slow spreading, intermediate spreading and fast spreading 

(Figure 2.1).  

Figure 2.1:  Schematic illustrations of the axial zone of mid-ocean ridges at different spreading rates. Note 

the highly discontinuous volcanic zone in A, the moderately continuous volcanic zone in B, and very 

continuous volcanic zone in C (MacDonald, 1982).  

The slow spreading ridges, such as the Mid-Atlantic and Atlantic-Indian ridges, are 

characterized by a spreading rate of 10-50 mm/a, rugged topography and a prominent 

median rift 30-50 km wide and 1.5-3 km deep. Ridges spreading at intermediate rates of 

50-90 mm/a, such as the most northerly East Pacific Rise, have a median valley only 50-

200 m deep, and a relatively smooth topography. Ridges spreading at fast rates, faster 

than 90 mm/a , such as the East Pacific Rise, have a smooth topography and no median 

valley, resembling Hawaiian shield volcanoes  (Macdonald, 1982). 

These three classes of oceanic ridges show a hierarchy of segmentation, from large, long 

lived segments to smaller, more transitory segments (Macdonald et al, 1991). The first 

order segmentation is marked by rigid plate transform faults, offsetting the ridge axis 

from tens to hundreds of kilometers. These transform faults commonly continue as 

oceanic fracture zones, parallel to the spreading direction. The higher order segments 

occur between the transform faults. 
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Dick et al. (2004) also described a fourth type of oceanic ridge, the ultra slow class of 

spreading ridges, based on studies of the Southwest Indian and Arctic ridges. Ultra slow 

spreading ridges form at spreading rates less than 12 mm/a, but their characteristics are 

commonly found at ridges with rates up to 20 mm/a. Ultra slow spreading ridges are 

characterized by intermittent volcanism, lack of transform faults and often have linked 

magmatic and amagmatic segments. The magmatic segments form sub-perpendicular to 

the least principal compressive stress, and take the shape of linear axial highs or 

troughs. Amagmatic, or tectonic, segments are formed in any direction relative to the 

spreading direction, and are marked by linear troughs often less than 1 km deep which  

may extend to over 50 km. They have only scattered volcanics, virtually no oceanic layer 

3, often expose mantle peridotite, and have weak magnetic anomalies. The primary unit 

of accreation seem to be mantle horst blocks rising up through the rift valley floor. 

2.2. Oceanic crust 

Oceanic crust is created at mid-oceanic ridges by solidifying of upwelling magma in a 

narrow zone. The large scale structure of oceanic crust has primarily investigated by 

seismic refraction- and reflection profiling, but results from drilling, dredging and 

studies of ophiolites have also provided important insights (Fowler, 1990). It can be 

divided into three main layers, with further possible subdivision (figure 2.2).  

Figure 2.2:  P- and S-wave velocity structure of the oceanic crust, and interpretations presented in 1965 

and 1978. Numbers refer to acoustic velocity in km/s. The stippled line is a gradational velocity model 

deduced by more sophisticated measurements (Spudich and Orcutt, 1980; Harrison and Bonatti, 1981; 

Kearey and Vine, 1996).  
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Oceanic layer 1 consists of sediments, and is on average 0.4 km thick. Sedimentary cover 

progressively thickens as distance to the ridge increases, since older crust have more 

time to accumulate sediments.  The velocity at the top of the layer is generally close to 

1.5 km/s, but increase downwards as the sediments consolidate (Fowler, 1990). 

Oceanic layer 2 is composed of basalt, and the interface between oceanic layers 1 and 2 

marks the top oceanic basement. It has a variable thickness of 1-2.5 km and seismic 

velocities of 3.4-6.2 km/s (Keary and Vine, 1996). A subdivision into layers 2A, 2B and 

2C have been proposed, but oceanic layer 2 is probably best described as a region of 

oceanic crust where velocity is rapidly increasing with depth (Fowler, 1990). Drilling 

has shown the oceanic layer 2 to be composed of extrusive pillow lavas in the upper 

part, more consolidated basalt further down, and sheeted dykes near the base, grading 

into oceanic layer 3 (Fowler, 1990). The velocity of oceanic layer 2 may increase with 

time, due to infilling of pores and cracks by infilling of secondary minerals (Jacobson, 

1992).  

Oceanic layer 3 makes up the majority of oceanic crust, with an average thickness of 5 

km. Typical P-wave velocities  are 6.5 -7.2 km/s, with gradients of  0.1-0.2 s-1 (Fowler, 

1990).  Layer 3 is thought to consist of gabbro formed by crystallization of magma in a 

magma chamber. Hess (1962) proposed that oceanic layer 3 forms by serpentinization, a 

process where olivine in mantle material react with water to produce serpentinized 

peridote, and therefore consists of peridote. S-wave studies ÐÅÒÆÏÒÍÅÄ ÉÎ ÔÈÅ ρωχπȭÓ 

showed that the Poissonȭs ratio of oceanic layer 3 is more in accord with a gabbroic 

composition (Keary and Vine, 1996). However, it is possible that serpentinized upper 

mantle may occur in areas with very thin crust, such as near oceanic fracture zones 

and/or at crust formed at very slow spreading ridges (Fowler 1990). 

Away from anomalous zones in the oceanic crust, such as fracture zones and areas near 

hot spots, the oceanic crust has an average thickness of 7.1±0.8 km (White et al., 1994). 

It was noted by Reid and Jackson (1981) that the thickness of oceanic crust is not 

influenced by spreading rate as long as the spreading rate is greater than 20 mm/a. At 

lower spreading rates, the oceanic crust generated is significantly thinner than at higher 

rates. This effect is attributed to conductive heat loss allowing the mantle to cool as it 

rises, thereby decreasing melt production.  
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2.3. Evolution of the Norwegian-Greenland Sea  

The Norwegian-Greenland Sea is the ocean between Europe and Greenland, constrained 

to the south by the Greenland-Iceland-Faeroe ridge, and by the Spitsbergen Fracture 

Zone to the north (Eldholm et al., 1990). Important structural elements are the 

Kolbeinsey Ridge, the now extinct Aegir Ridge, the obliquely spreading Mohns Ridge, the 

Knipovich Ridge, the Molloy Ridge and the Jan Mayen Fracture Zone linking the 

Kolbeinsey Ridge and the Mohns ridge (Talwani and Eldholm, 1977). This ridge system 

forms the Arctic Ridge system together with the Gakkel Ridge, and forms the boundary 

between the North American and Eurasian plates (Figure 2.3). 

Figure  2.3: Bathymetric map of the North Atlantic with the most important features. FZ, Fracture Zone. 

Modified from Kandilarov et al. (2008). 
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Before the formation of a deep ocean in early Cenozoic time, the area between 

Fennoscandia, Greenland and Svalbard was a shallow, epicontinental sea, connecting the 

North Sea and the Barents Sea (Eldholm et al., 1990).  The structural framework before 

break-up is dominated by post-Caledonian extension, forming basins at the continental 

margins off Norway, Greenland and the Western Barents Sea (Faleide et al., 2008). 

As the breakup of Pangea progressed northwards,  sea-floor spreading was present as 

early as anomaly 34 (84 Ma) in the Labrador Sea (Roest and Srivastava, 1989).The 

oldest magnetic anomaly in the Norwegian-Greenland sea is anomaly 24B (53.7 Ma), 

which marks the initiation of seafloor spreading in early Eocene (Talwani and 

Eldholm,1977; Lundin and Doré, 2002).  From Chron 24B (53.7 Ma) to Chron 13 (35.5 

Ma), seafloor spreading in the Norwegian-Greenland sea occurred on the Aegir and 

Mohns ridges (Figure 2.4a). Spreading on these ridges was coupled to the Gakkel Ridge 

along a continental transform boundary called the De Geer zone, comprising the Senja, 

Greenland and Hornsund fracture zones (Faleide et al., 2008).  

At chron 13 time (35.5 Ma), spreading in the Labrador Sea ceased and a major 

reorganization of plate boundaries occurred (Kristoffersen and Talwani, 1977). 

Greenland became part of the North American plate, and the opening direction of the 

Norwegian-Greenland-sea changed 30° from NNW-SSE to WNW-ESE (Talwani and 

Eldholm, 1977). The transform motion along the Senja, Greenland and Hornsund 

fracture zones turned to extension, ending the West Spitsbergen Orogeny (Steel et al. 

1985), initiated spreading on the Knipovich Ridge and turned the Mohns ridge into an 

obliquely spreading ridge (Figure 2.4b) (Talwani and Eldholm, 1977). 

The Iceland plume was located below Greenland during the first phase of spreading in 

the Greenland-Norwegian Sea (Mjelde et al., 2008). From 42.5 Ma, spreading rates on 

the Aegir Ridge diminished as the spreading occurred simultaneously with continental 

extension in East Greenland, where the crust was heated and weakened by the 

underlying plume (Mjelde et al., 2008). This continued until continental breakup was 

achieved when the Kolbeinsey Ridge propagated northwards from the Reykjanes Ridge 

and rifted off the Jan Mayen microcontinent at 25 Ma (Figure 2.4c)  (Mjelde et al., 2008). 

This configuration, with seafloor spreading on the Kolbeinsey, Mohns and Knipovich 

ridges have continued into the present (figure 2.4d). 
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Figure  2.4: Plate tectonic evolution of the Norwegian-Greenland Sea. Grey and yellow dots mark the 

location of the Iceland Plume center at previous (grey) and the current reconstruction (yellow). Location 

of plume from Torsvik et al. (2001). Spreading direction before 35.5 ma given by blue arrows, after 35.5 

ma by orange arrows. AR, Aegir Ridge; JM,Jan Mayen; KnR, Knipovich Ridge; KR, Kolbeinsey Ridge; MR, 

Mohns Ridge; RR, Reykjanes Ridge; WSO, West Spitsbergen Orogeny. From Lundin and Doré (2002). 

2.4. The Knipovich Ridge 

The Knipovich Ride is a spreading centre running from the Mohns-Knipovich bend at 

χσЈτυȭ ÔÏ ÔÈÅ -ÏÌÌÏÙ &ÒÁÃÔÕÒÅ :ÏÎÅ ÁÔ χψЈσυȭ ɉFigure 2.3).  The full spreading rate from 

global plate tectonic modeling is 14.6 mm/a (Dick et al., 2003) making this a slow to 

ultra -slow spreading ridge. The spreading direction is highly oblique, with an obliquity 

of 41-55° to the trend of the ridge axis (Dick et al., 2003) with a greater obliquity south 

ÏÆ χυЈ υπȭ  ÔÈÁÎ ÔÏ ÔÈÅ ÎÏÒÔÈ ÏÆ ÔÈÉÓ ÌÁÔÉÔÕÄÅ ɉ/ËÉÎÏ ÅÔ ÁÌȢȟ ςππςɊȢ  

Magnetic anomalies are poorly developed around the Knipovich ridge, making spreading 

rates and history difficult to determine (Talwani and Eldholm, 1977). Thermal modeling 
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performed by Crane et al. (1991) gives strongly asymmetric spreading at a rate of 7 

mm/a at the western flank, and 1 mm/a at the eastern flank. However, interpretation of 

magnetic anomalies have been performed by Engen et al., (2008), which found 

anomalies until anomaly 6 east of the ridge, and anomaly 18 west of the ridge. Results 

from this study show no indications of asymmetric spreading.  

The axial valley is characterized by long, deep and heavily segmented troughs, 

interrupted by shorter axial highs rising several hundreds of meters above the general 

bathymetry in the axial valley. The axial highs are of volcanic origin, and the largest 

anchor seamount belts with a trend parallel to the spreading direction (Okino et al., 

2002). The seamount belts show that volcanic activity is persistent at these areas. The 

large highs are also accompanied by short wavelength mantle Bouguer lows. Thus, the 

larger of the axial highs may be the surface representation of relatively stable mantle 

upwelling centers (Okino et al., 2002). The deeper segments are believed to represent 

segments where amagmatic spreading is the dominant extensional process.  

Studies of oceanic crust generated at the Knipovich Ridge have shown that there are 

large variations in crustal thickness. Kandilarov et al. (2008) interpreted OBS data along 

a profile oriented parallel to the spreading direction, and the crustal thickness along this 

profile varied from 3.5 km to 7 km. These variations were attributed to variations in 

spreading rate. Ljones et al. (2004) interpreted OBS data along a profile crossing three 

seamount belts, and found the thickness of oceanic crust to vary from 5.6 to 8.1 km, with 

thick crust within the seamount belts, and thinner crust between the seamount belts, 

where amagmatic extension is assumed. Farther north on the Knipovich ridge, Ritzmann 

et al. (2002) found a very thin crust, with a thickness of 3.5 km, which was attributed to 

slow spreading.  

The western side of the Knipovich Ridge is less studied than eastern flank, and no OBS 

profiles image this area adequately. However, it has been studied by reflection seismic 

experiments (e.g. Talwani and Eldholm, 1977; Bruvoll et al., 2009). The results from 

these studies show that the sediments are much thicker on the eastern side of the ridge, 

and that the basement lies much deeper on the eastern side, also when the isostatic 

effect of sediments is corrected for (Vogt et al., 1982).  
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2.5. The Barents Sea margin and adjacent continental shelf 

The Barents Sea margin runs from the Lofoten archipelago to Sørkapp, the southern 

point of Spitsbergen (Figure 1.1 and 2.3). It developed along the De Geer Zone, the 

dextral mega shear zone linking spreading on the Gakkel Ridge in the Arctic basin to the 

Mohns Ridge in the Norwegian-Greenland Sea (Faleide et al., 2008). The shear 

movement changed to rifting after the major plate reorganization at chron 13 time (35.5 

Ma) which changed the spreading direction of the Arctic ridges by 30° to the west 

(Talwani and Eldholm, 1977). The margin consists of three segments (Figure 2.3), the 

sheared Senja and Hornsund Margins, linked by the rifted Vestbakken Volcanic Province 

(Eldholm et al., 1987).   

The sheared Senja margin is the southernmost margin segment, where the continent 

ocean-transition (COT) is confined to a narrow zone within 10-20 km (Breivik et al., 

1999).  

The Vestbakken Volcanic Province is located southwest of Bjørnøya, and is characterized 

by rifting. This is due to an east-stepping of the dextral shear zone, creating a releasing 

bend, which led to basin formation and later breakup. Volcanoes, sill intrusions and 

possibly a lower crustal high-velocity body have been identified (Faleide et al., 1988; 

Faleide et al., 2008). The volcanism at this margin segment is mainly associated with 

breakup in the Early Tertiary, but some mid-tertia ry volcanism is also observed (Faleide 

1988).  

The Hornsund Margin makes up the northwestern boundary of the Barents Sea. It is a 

sheared margin, with a narrow COT which can be confined to a 5 km wide zone (Breivik, 

2003). The margin is characterized by a downfaulted marginal terrace, consisting of 

rotated fault blocks, formed during the margin development (Breivik, 2003). The fault 

blocks subsided along the Hornsund Fault Zone and the Knølegga fault.  

Landward of the COT, the continental shelf can be divided into two units. The Barents 

Sea sedimentary basin province is present south of 74°N, a region characterized by a 

number of sub-basins and highs, created by Late Paleozoic to early Tertiary extensional 

events (Faleide et al., 2008). North of 74°N lies the Svalbard platform, a region mainly 

unaffected by the late Mesozoic extension, probably shielded by the transform system to 
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the west (Faleide et al., 1991).  However, the region is deeply eroded, leading to high P-

wave velocities near the sea floor (Hjelstuen et al., 1996, Breivik et al., 2003). 

2.6. Cenozoic sedimentation 

Two large trough mouth fans, the Storfjorden and Bjørnøya fans, lie adjacent to the 

Barents Sea margin (figure 2.3). The fans are depocenters for sediments eroded from the 

Barents Sea, transported to the margin by glacio-fluvial drainage systems and ice 

streams (Butt et al., 2000; Ottesen et al., 2005).  

The sediments on the Barents Sea-Svalbard margin have been divided into four 

sequences, G0 to GIII, based on seven regional reflectors, R7 to R1 (Figure 2.5). G0 is 

composed of Early-Mid Tertiary pre-glacial sediments, and is bounded by the oceanic 

basement and the reflector R7. The sequences GI-GIII represent the Late Cenozoic (Plio-

Pleistocene) glacial sequences. GI is bounded by R7 and R5, and corresponds to initial 

glacial growth, with dominantly glaciofluvial sedimentation along the shelf edge and 

subsequent remobilization as debris flows in 2.3-1.6 Ma (R7-R6), and glaciers reaching 

the shelf edge at 1.5-1.3 Ma (R6-R5) (Butt et al., 2000). Unit GII is bounded by R5 and R1, 

and represents several episodes of glacial advance and retreat across the margin (Butt et 

al., 2000). GIII marks a prominent decrease in glacial activity, and the end of the 

outbuilding of the fan system (Hjelstuen et al, 1996).  

The drainage area of the Storfjorden fan is assumed to correspond to the present day 

watershed on the Svalbard archipelago, and comprises the eastern part of Spitsbergen, 

major parts of Barentsøya and Edgeøya. The easternmost and westernmost parts of this 

drainage area is defined by Hopen and the Hornsund Fault Zone. Erosion estimates 

indicate approximately 3300 m of erosion since breakup in this area, and 1700 m of the 

erosion occurred during the late Pliocene and Pleistocene (Hjelstuen et al., 1996). 

The distal parts of the Storfjorden and Bjørnøya fans reach the Knipovich Ridge. The 

periodici ty and high rate of sedimentation provides a way of dating tectonic events on 

the ridge by looking at the interaction between dated sedimentary units and tectonic 

processes (Bruvoll et al., 2009). 
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Figure  2.5: Seismostratigraphy of the western Barents Sea-Svalbard margin with ages from Butt et al. 

(2000) (modified from Faleide et al., 1996).  
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3. Acquisition and processing of geophysical data 

3.1. Acquisition 

Two lines of ocean bottom seismometer (OBS) data were collected west of Bear Island 

by use of the R/V Håkon Mosby in summer 2008 (Figure 3.1) (Kandilarov and Mjelde, 

2008). The lines were named Bear Island North (BIN) and Bear Island South (BIS). BIN is 

322 km long, starts west of the Knipovich Ridge at χτЈυφȭυρȢχȭȭ.ȟ χЈσχȭψȢπτȭȭE, and ends 

at 74°σςȭσςȢωωȭȭN, 18°ςωȭρσȢρȭȭE, northwest of Bear Island (Figure 3.1). The BIN profile 

will be described in this thesis. 

4ÈÅ ")3 ÐÒÏÆÉÌÅ ÒÕÎÓ ÆÒÏÍ χςЈφȭυπȭȭ.ȟ ωЈσφȭππȭȭE to 74°27ȭ36ȱN, 19°15ȭ47ȱE, and uses 

both OBSs and land stations. The profile starts at oceanic crust created by the Mohns 

ridge, runs across the Vestbakken Volcanic Province, and ends west of Bear Island. This 

profile has been described in Czuba et al. (2010).  

Gravimetric and magnetic measurements were also conducted along the lines, with a 

Lacoste-Romberg gravity meter, and a marine proton magnetometer. 

3.1.1. Multi Channel Seismic Data  

Multi channel seismic (MCS) data for the BIN profile were collected in 2006 by use of the 

R/V Håkon Mosby (Johnsen, 2006). The MCS line is plotted as a purple line on figure 3.1, 

and it is almost overlapping the BIN line, with a deviation of about 2 km in the western 

end of the profile and about 1 km in the eastern end. The line is 365 km long and crosses 

the Knipovich Ridge at approximately 75°N. It runs from Bear Island to about 70 km 

past the Knipovich Ridge.   

The seismic source was a tuned air gun array, consisting of six air guns with volumes of 

9.5 L (580 in3), 4.9 L (300 in3), 3.9 L (240 in3), 2.2 L (136 in3), 1.5 L (90 in3), and 1 L (60 

in3), giving a total volume of 23 L (1406 in3) (Johnsen, 2006). Using air guns of different 

volumes will increase the signal-to-bubble pulse-ratio, because the bubble period is 

dependent on the volume of the air gun. Since the shot time is equal on all air guns, and 

the bubble period is different for all air guns, this will cause constructive interference for 

the primary pulse, and destructive interference for the bubble pulse. 
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Figure 3.1:  Overview map of the study area with  the continent-ocean boundary (dotted line), most 

important faults (dashed lines) and other elements. Numbered circles are positions of OBSs. BF, Bear 

Island Fan; BI, Bear Island; BIN, Bear Island North seismic line; BIS, Bear Island South seismic line; COB, 

Continent-ocean boundary; HFZ, Hornsund Fault Zone; KR, Knipovich Ridge; MCS, Multi Channel Seismic 

line; MR, Mohns Ridge; SB, Sørvestnaget Basin; SF, Storfjorden Fan; SH, Stappen High; VVP, Vestbakken 

Volcanic Province. Locations and extent of structural elements from Ritzmann and Faleide (2007).  

The vessel speed was kept at 5 knots, and the shot spacing was 50 m. The air guns were 

fired at 5 meters depth. The streamer used was a 3 km long WesternGeco Nessie3 

streamer with 240 channels and 12.5 m group length, kept at a depth of 6m.  The 

recording length was 12 seconds. 


