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Abstract 22 

The Fingerdjupet Subbasin in the southwestern Barents Sea sits in a key tectonic location 23 

between deep rifts in the west and more stable platform areas in the east. Its evolution is 24 

characterized by extensional reactivation of N-S and NNE-SSW faults with an older history of 25 

Late Permian and likely Carboniferous activity superimposed on Caledonian fabrics. 26 

Reactivations in the listric NNE-SSW Terningen Fault Complex accommodated a semi-regional 27 

rollover structure where the Fingerdjupet Subbasin developed in the hangingwall. In parallel, the 28 

Randi Fault Set developed from outer-arc extension and collapse of the rollover anticline.  29 

N-S to NNE-SSW faults and the presence of other fault trends indicate changes in the stress 30 

regime relating to tectonic activity in the North Atlantic and Arctic regions. A latest Triassic to 31 

Middle Jurassic extensional faulting event with E-W striking faults is linked to activity in the 32 

Hammerfest Basin. Cessation of extensional tectonics before the Late Jurassic in the 33 

Fingerdjupet Subbasin, however, suggests rifting became localized to the Hammerfest Basin. 34 

The Late Jurassic was a period of tectonic quiescence in the Fingerdjupet Subbasin before 35 

latest Jurassic to Hauterivian extensional faulting, which reactivated N-S and NNE-SSW faults. 36 

Barremian SE-prograding clinoforms filled the relief generated during this event before reaching 37 

the Bjarmeland Platform. High-angle NW-prograding clinoforms on the western Bjarmeland 38 

Platform are linked to Early Barremian uplift of the Loppa High. The Terningen Fault Complex 39 

and Randi Fault Set were again reactivated in the Aptian along with other major fault complexes 40 

in the SW Barents Sea, leading to subaerial exposure of local highs. This activity ceased by 41 

early Albian. Post-upper Albian strata were removed by late Cenozoic uplift and erosion, but 42 

later tectonic activity has both reactivated E-W and N-S/NNE-SSW faults and also established a 43 

NW-SE trend. 44 

  45 



1. Introduction 46 

The Fingerdjupet Subbasin of the southwestern Barents Sea has thick Jurassic to Lower 47 

Cretaceous deposits buried relatively shallow in the present day subsurface (Figs. 1, 2). This 48 

contrasts both the Bjarmeland Platform to the east, where late Cenozoic uplift and erosion has 49 

removed much of the Lower Cretaceous section, and the Bjørnøya Basin to the west, where 50 

present burial depth makes high-resolution seismic imaging of these deposits challenging. The 51 

Fingerdjupet Subbasin therefore has a cornerstone position in this part of the southwestern 52 

Barents Sea, and may provide valuable insights into the Jurassic to Early Cretaceous evolution 53 

of not only the study area, but of the whole region.  54 

Previous workers have described extensional faulting in the Fingerdjupet Subbasin (e.g. 55 

Rønnevik & Jacobsen, 1984; Gabrielsen et al., 1990; Faleide et al., 1993a, 1993b; Gudlaugsson 56 

et al., 1998), but data coverage and resolution has not allowed for a detailed analysis of the 57 

timing of extensional faulting events. For this study we utilize a large, high-resolution 3D dataset 58 

together with information from nearby hydrocarbon exploration wells (7321/7-1, 7321/8-1 and 59 

7321/9-1; Fig. 3) and a shallow stratigraphic borehole (7320/3-U-1). The 3D dataset allows for 60 

semi-regional horizon and fault mapping and can be considered the outline of the study area 61 

(Fig. 1). Timing of extensional faulting episodes displayed by sedimentary growth packages is 62 

examined in local depocenters, where seismic and stratigraphic resolution is at the highest 63 

possible level.  64 

We recognize the seismic dataset holds great potential for investigation of sedimentary deposits 65 

and associated fault systems from pre-Carboniferous to recent, and some considerations 66 

around basin history prior to the latest Triassic have been made. The aim of the current study, 67 

however, is to establish a detailed seismic- and tectonostratigraphic framework for the Jurassic 68 

to Lower Cretaceous deposits of the Fingerdjupet Subbasin. 69 



2. Geological framework 70 

The present day Barents shelf is located at the northwestern corner of the Eurasian plate (Fig. 71 

1a) (Faleide et al., 2008). The geological evolution of the area is characterized by a series of 72 

compressional and later extensional events related to continent assembly and breakup, 73 

respectively (e.g. Faleide et al. 1993b, 1996; Gudlaugsson et al., 1998). The southwestern 74 

Barents Sea consists of a complex pattern of basins and highs which strikes predominantly NE-75 

SW and N-S (Fig. 1b) (Faleide et al., 1993b; Gudlaugsson et al., 1998). The Fingerdjupet 76 

Subbasin (Fig. 1c) was defined as the shallow, northeastern part of the Bjørnøya Basin by 77 

Gabrielsen et al. (1990). 78 

 79 

2.1 Post-Caledonian extensional faulting 80 

The study area has been affected by at least five post-Caledonian phases of extensional 81 

faulting: Late Devonian orogenic collapse, mid-late Carboniferous extensional faulting, Late 82 

Permian to Early Triassic extensional faulting focused in the west, Middle Jurassic-Early 83 

Cretaceous extensional faulting and Late Cretaceous-Cenozoic rifting (Gudlaugsson et al., 84 

1998; Faleide et al., 1993b, 2015; Glørstad-Clark, 2011). While the post-Caledonian evolution of 85 

the SW Barents Sea has been dominated by these extensional events, some inversion of major 86 

fault complexes have also previously been described (e.g. Faleide et al., 2008; Gabrielsen et 87 

al., 1997; Indrevær et al., 2016).  88 

 89 

The study area is most likely underlain by Caledonian basement (Gernigon and Brönner, 2012; 90 

Ritzmann and Faleide, 2007) that was assembled by thrusting during the Caledonian Orogeny 91 

when Laurentia and Baltica collided in the Silurian to Early Devonian (Doré, 1991). A 92 

Caledonian terrain affected by collapse has been inferred both in the SW Barents Sea, mainly 93 

based on magnetic data (Gernigon and Brönner, 2012), and further north between Bjørnøya 94 



and Svalbard (Breivik et al., 2003; Gudlaugsson and Faleide, 1994; Ritzmann and Faleide, 95 

2007). N to NNW trends seen in magnetic data in the area between Svalbard and the Loppa 96 

High are believed to represent the structural grain of Caledonian thrusting (Barrère et al., 2009; 97 

Gernigon et al., 2014; Gernigon and Brönner, 2012). On Bjørnøya, Braathen et al. (1999b) 98 

provided evidence for WNW-directed Caledonian thrusting and Carboniferous extensional 99 

reactivation of these contractional structures, and  Worsley et al., (2001) subsequently 100 

documented Carboniferous syntectonic deposits along mainly N-S striking normal faults. 101 

Gernigon et al. (2014) described a major NW-dipping detachment along the northern flank of the 102 

Stappen High and SW-to-W-dipping detachments in the Bjørnøya Basin, while Gudlaugsson et 103 

al. (1998) described an E-dipping detachment in the Fingerdjupet Subbasin (Fig. 2). To explain 104 

this complexity, Gernigon et al. (2014) suggested an accommodation or relay zone between 105 

major detachments exist between the Loppa and Stappen highs.  106 

 107 

In mid-Carboniferous to Late Carboniferous times, a 300 km wide and at least 600 km long zone 108 

of rifting developed in the Barents Sea, resulting in a series of extensional basins separated by 109 

fault-bounded highs, e.g. the Nordkapp, Maud, Bjørnøya, Ottar and Tromsø basins (Faleide et 110 

al., 2015; Gudlaugsson et al., 1998) (Fig. 1b). The Carboniferous rift structures, mainly with a 111 

clastic basin fill but also some evaporites, are capped by a regional carbonate platform that 112 

developed during latest Carboniferous-early Permian times (e.g. Faleide et al., 2015; Henriksen 113 

et al., 2011b; Larssen et al., 2002). It has been suggested that the Bjørnøya Basin and 114 

Fingerdjupet Subbasin formed as rift basins initiated in mid-Carboniferous times (Dengo and 115 

Røssland, 1992; Gudlaugsson et al., 1998). For the Bjørnøya Basin, this suggestion is 116 

supported by the presence of salt diapirs as indicated by Breivik et al. (1998) and better 117 

constrained in recently acquired seismic and potential field data. Investigations from the 118 

northern Bjørnøya Basin and southern Stappen High by Blaich et al. (2017) also indicate mid-119 

Carboniferous rifting with deposition of growth packages along NE-SW striking faults. 120 



 121 

The western parts of the Barents Sea experienced another phase of extension in the Late 122 

Permian to Early Triassic (Gudlaugsson et al., 1998). Recently, improved seismic imaging has 123 

allowed interpretation of growth packages of this age in the Bjørnøya Basin, Fingerdjupet 124 

Subbasin and southern Stappen High (Blaich et al., 2017; Faleide et al., 2015; Glørstad-Clark, 125 

2011; Kamp, 2016). A distinct growth sequence in the Bjørnøya Basin along the Leirdjupet Fault 126 

Complex can be tied to a similar unit in the Fingerdjupet Subbasin, where age control is 127 

provided by well 7321/8-1 (“Norwegian Petroleum Directorate Factpages,” 2017). 128 

 129 

The underfilled epicontinental basin that existed in the Barents Sea area in the Early Triassic 130 

was gradually infilled by W-NW prograding clastic wedges from earliest-Middle Triassic 131 

(Glørstad-Clark et al., 2010). The Fingerdjupet Subbasin persisted as an underfilled depocenter 132 

throughout the Early-Middle Triassic but was filled by fluvio-deltaic deposits in the Late Triassic 133 

(Glørstad-Clark et al., 2010; Kamp, 2016). Kamp (2016) described growth packages within 134 

Upper Triassic strata linked to N to NNE striking faults in the Fingerdjupet Subbasin, thus 135 

suggesting a Late Triassic extensional faulting event. Osmundsen et al. (2014) described fault-136 

controlled sedimentary architecture relating to E-W to NW-SE striking normal faults in the 137 

Tschermakfjellet and De Geerdalen formations on Edgeøya (Carnian and Carnian to early 138 

Norian, respectively) and Flatsalen Formation (Norian) on Hopen (Fig.1). Mulrooney et al. 139 

(2017) suggested Mesozoic extensional faulting along crudely E-W striking faults in the Goliat 140 

area of the Hammerfest Basin started in the Norian. 141 

 142 

The Middle to Late Jurassic was a period of regional extension, resulting in a regional rift basin 143 

extending from the Rockall Trough west of Ireland to the Barents Sea (Faleide et al., 1993b). 144 

The structuring of the southwestern Barents Sea from the late Middle Jurassic to earliest 145 

Cretaceous was closely affiliated with both the North Atlantic and Arctic regions, represented by 146 



the rifting in the North Atlantic and Amerasia basins, respectively (Faleide et al., 1993b). 147 

Mesozoic rifting in the Hammerfest Basin culminated with a Late Jurassic to earliest Cretaceous 148 

rift event which also affected the Bjørnøya Basin and southern Stappen High, reactivating the 149 

pre-existing tectonic grain (Blaich et al., 2017; Faleide et al., 1993b). Extensional faulting on E-150 

W striking faults in the Hammerfest Basin had ceased by early Barremian times, when the 151 

Loppa High was uplifted, causing inversion in normal fault complexes along its flanks (Indrevær 152 

et al., 2013).  153 

Faleide et al. (1993a) attributed the N-S to NNE-SSW horst and graben pattern of the 154 

Fingerdjupet Subbasin to Late Jurassic rifting with later local reactivation. North Atlantic 155 

tectonism appears to dominate increasingly through the Early Cretaceous, and major extension 156 

along the western Barents Sea margin led to the formation and/or rejuvenation of several fault 157 

complexes such as the Troms-Finnmark Fault Complex, Ringvassøy-Loppa Fault Complex, 158 

Bjørnøyrenna Fault Complex and Leirdjupet Fault Complex, and rapid subsidence of the 159 

adjacent Harstad, Tromsø and Bjørnøya basins (Faleide et al., 1993b). The Leirdjupet Fault 160 

Complex, which separates the deep Bjørnøya Basin from the shallower Fingerdjupet Subbasin, 161 

was active at this time, and both erosional truncation of intra-basinal highs and growth packages 162 

banked onto the fault have previously been described (Faleide et al., 1993b). Faleide et al. 163 

(1993b) recognized Berriasian/Valanginian and Hauterivian/Barremian phases of extension in 164 

the western Hammerfest Basin but were unable to resolve them on seismic data. Although an 165 

extensional regime prevailed in the SW Barents for the better part of the Early Cretaceous, early 166 

Barremian uplift of the Loppa High caused inversion in the surrounding fault complexes and led 167 

to subaerial exposure of the Loppa High (Indrevær et al., 2016). 168 

 169 

Magmatism within the High Arctic Large Igneous Province (HALIP, ~125 Ma), likely related to 170 

the rifting, breakup and early stage of seafloor spreading in the Amerasia Basin, is suggested to 171 

have caused regional uplift of the northern Barents margin and adjacent areas of the proto-172 



Arctic (e.g. Senger et al., 2014). In the Barremian and Aptian, large volumes of sediments were 173 

shed from the uplifted region, allowing large fluvio-deltaic complexes to prograde 174 

southeastwards past Svalbard to the southwestern Barents Sea area (Faleide et al., 1993b; 175 

Midtkandal & Nystuen, 2009; Faleide et al., 2015; Marín et al., 2016). Lower Cretaceous 176 

intrusive and extrusive igneous rocks are found throughout the Barents Sea (Polteau et al., 177 

2016), but so far not documented in the southwestern Barents Sea. The igneous activity has 178 

been dated to 122-124 Ma based on samples from Svalbard and Franz Josef Land (Corfu et al., 179 

2013). Based on field-, seismic- and potential field data, magmatism on the Barents shelf E and 180 

SE of Svalbard display a NNE trend (Grogan et al., 2000; Minakov et al., 2012).  181 

 182 

Mesozoic extension along the western Barents Sea margin affecting the Bjørnøya, Harstad and 183 

Tromsø basins peaked in the Aptian (Faleide et al., 1993b). This is supported by improved 184 

seismic imaging and interpretation of the northern Bjørnøya Basin and southern Stappen High 185 

(Blaich et al., 2017). The Bjørnøya Basin, which was faulted along NNE-SSW and N-S faults, 186 

experienced rapid subsidence and infill also after the cessation of faulting (Faleide et al., 1993a, 187 

1993b). The Hammerfest Basin not only experienced extension in faults along the E-W basin 188 

axis, but also saw an increased influence of North Atlantic tectonic activity as evident by normal 189 

faulting in the N-S trending Ringvassøy-Loppa Fault Complex (Faleide et al., 1993b).  190 

 191 

In the Late Cretaceous and Paleogene the Barents Sea area was affected by another phase of 192 

extension which culminated with breakup and seafloor spreading in the Norwegian-Greenland 193 

Sea in the earliest Eocene (Faleide et al., 2008). Narrow basins in the SW Barents Sea (e.g. 194 

Sørvestsnaget Basin) (Faleide et al., 2008) and NE Greenland (Wandel Sea Basin) (Svennevig 195 

et al., 2017) developed within the so-called De Geer Zone in response to regional shear. The 196 

Cenozoic western Barents Sea continental margin is characterized by transform faulting in the 197 

south, represented by the Senja Fracture Zone, and a rifted segment located southwest of 198 



Bjørnøya where extensive volcanism has occurred in the Vestbakken Volcanic Province 199 

(Faleide et al., 2008). Further north, there is an initially sheared and later rifted margin along the 200 

Hornsund Fault Zone (Faleide et al., 2008). Some fault complexes in the western Barents Sea 201 

experienced periods of inversion in the Late Cretaceous and Paleogene, likely relating to 202 

transpression along sheared margin segments (e.g. Faleide et al., 2015, 2008; Braathen et al., 203 

1999a; Gabrielsen et al., 1997; Indrevær et al., 2016; Vågnes et al., 1998). 204 

 205 

2.2 Late Cenozoic uplift and erosion 206 

The entire Barents Shelf was uplifted and eroded during the Neogene (Baig et al., 2016; 207 

Henriksen et al., 2011a). A significant part of the erosion, and deposition of large volumes of 208 

Plio-Pleistocene glacial sediments along the continental margins in the west and north (Dimakis 209 

et al., 1998; Faleide et al., 1996; Laberg et al., 2012), was related to the northern hemisphere 210 

glaciations, but uplift of large areas was initiated earlier (Oligocene?-Miocene) due to other 211 

tectonic causes (Dimakis et al., 1998). Post-Early Cretaceous strata were removed from the 212 

Fingerdjupet Subbasin (Faleide et al., 1996; Henriksen et al., 2011). The uplift and associated 213 

erosion was greater north of the Fingerdjupet Subbasin, making correlation of the Cretaceous 214 

sedimentary succession between Svalbard and the southwestern Barents Sea challenging. The 215 

net erosion in the Fingerdjupet Subbasin varies from approximately 1600 m in the south to 2600 216 

m in the north (Henriksen et al., 2011; Baig et al., 2016). The boundary between pre-glacial 217 

rocks and Quaternary glacial deposits is marked by the upper regional unconformity (URU) 218 

(Solheim and Kristoffersen, 1984).  219 



3. Datasets and methods 220 

Key to this study is an 8600 km2 3D seismic survey which was acquired by TGS in 2013 utilizing 221 

ten 6000 m long seismic streamers with a streamer separation of 75 m and an E-W acquisition 222 

direction. 3D seismic bin size is 18.75 m x 6.25 m and the dataset extends to 7000 ms TWT. 223 

The data is zero-phased with SEG (Society of Exploration Geophysicists) positive standard 224 

polarity, where positive amplitudes correspond to an increase in acoustic impedance across an 225 

interface. In addition, regional 2D seismic lines acquired by TGS and Fugro between 2006 and 226 

2012 have been used to examine the Fingerdjupet Subbasin in a regional context. 227 

The geometrical characteristics of the seismic packages have been examined through a 228 

combination of horizon- and fault mapping (e.g. Figs. 1 and 2). In total 16 horizons have been 229 

mapped to investigate the basin architecture. In addition to conventional fault mapping on 230 

seismic sections, seismic variance attribute has been draped on the interpreted seismic 231 

horizons to illustrate how different parts of the sedimentary succession have been affected by 232 

different fault systems. Time-thickness maps produced from the interpreted horizons have been 233 

used to highlight and assess variations related to sedimentary systems and/or geometry of 234 

sedimentary sinks. Three hydrocarbon exploration wells have been drilled in the Fingerdjupet 235 

Subbasin but south of the 3D seismic dataset used for this study, penetrating Lower Cretaceous 236 

to Upper Permian stratigraphy. Checkshot data from wells 7321/7-1, 7321/8-1 and 7321/9-1 237 

(Fig. 1), located between 7.5 km and 25 km south of the 3D seismic dataset, give average 238 

seismic velocities between ca. 2800 and 4100 m/s for the Lower Cretaceous to Upper Triassic 239 

stratigraphy of the Fingerdjupet Subbasin (Table 1). These calculations are used to convert fault 240 

throw and thickness of seismic packages from milliseconds Two Way Traveltime [ms TWT] to 241 

metres [m]. The maximum frequency of the dominant bandwidth varies with depth, and 242 

estimates for seismic resolution for the Upper Triassic, Jurassic and Cretaceous strata are given 243 

in Table 2. 244 



In addition, 10 of the 16 interpreted horizons have been correlated with publicly available 245 

biostratigraphic and petrophysical data from well 7321/7-1 (Robertson Group, 1989) (Fig. 4). 246 

This has allowed for establishing a seismic stratigraphic and tectonostratigraphic framework for 247 

the study area (Fig. 5). Time-thickness maps and corresponding seismic profiles for the 248 

sequences are given in Fig. 6. The horizon names reflect the ages of the horizons as inferred 249 

from the biostratigraphy report (Robertson Group, 1989).  Not all the ages inferred from the 250 

biostratigraphy report are based on direct biostratigraphic evidence taken from sidewall cores. 251 

Some ages are based on petrophysical log analysis from the well coupled with regional well 252 

information, often aided by biostratigraphic evidence above and below. Gamma ray logs as 253 

sand/clay indicators are used to gain a brief overview of the depositional setting of lithological 254 

groups in the Fingerdjupet Subbasin (Fig. 3), and to support age determination where 255 

biostratigraphic evidence is scarce (Fig. 4) (Robertson Group, 1989).   256 

In the 1980’s and 1990’s, IKU (Continental Shelf Institute, now SINTEF Petroleum Research) 257 

drilled a number of shallow stratigraphic boreholes near the main study area. Of particular 258 

interest is borehole 7320/3-U-1, which is located within the limits of the 3D seismic survey used 259 

for this study (Fig. 1). This 36,2 m core contains Barremian to Tithonian strata with a 3 m thick 260 

condensed section of Valanginian age, and thus may provide a data point that can be tied to the 261 

available 3D seismic coverage (Århus et al., 1990). Due to constraints in seismic resolution, 262 

however, a direct tie remains challenging. 263 

Three new structural elements have been defined (Appendix) and approved by the Norwegian 264 

Committee on Stratigraphy (NSK); these are the Ringsel Ridge, Terningen Fault Complex and 265 

Randi Fault Set. 266 

  267 



4. Fault systems of the Fingerdjupet Subbasin 268 

Fault systems observed in the study area affect different stratigraphic intervals and vary 269 

significantly in terms of orientation, geometry and displacement. The main fault trends are NNE-270 

SSW, N-S, E-W and NW-SE. NNE-SSW and N-S faults commonly have a strong affiliation with 271 

wedge-shaped seismic packages in the hangingwall and are seen as boundary faults to the 272 

Bjørnøya Basin and Fingerdjupet Subbasin (Figs. 1, 2, 6, 7, 8). Most faults shown in Fig. 2 have 273 

this trend and some are considered significant enough to be given names. These are the 274 

Terningen Fault Complex, which defines the western boundary of the Fingerdjupet Subbasin, 275 

and the Randi Fault Set, which is seen as densely spaced faults straddling the transition 276 

between the Fingerdjupet Subbasin and the Bjarmeland Platform. In the Randi Fault Set, the 277 

Bjarmeland Platform rolls over from sub-horizontal to westwards dipping reflectors into the 278 

Terningen Fault Complex (Fig. 2). Together, the Leirdjupet and Terningen fault complexes 279 

define the Ringsel Ridge.  280 

 4.1 NNE-SSW faults 281 

A prominent system of normal faults striking approximately NNE-SSW dominates the study area 282 

(Fig. 1). The Ringsel Ridge separates the Bjørnøya Basin from the Fingerdjupet Subbasin and 283 

is bounded to the west by the Leirdjupet Fault Complex and to the east by large, east-facing 284 

NNE-SSW and N-S oriented normal faults in the Terningen Fault Complex (Figs. 1, 2, 7, 8). 285 

NNE-SSW oriented faults are also observed in the Bjørnøya Basin to the west and in the Hoop 286 

Fault Complex and Maud Basin to the east. Faults are planar for the Mesozoic level but some, 287 

for instance faults in the Terningen Fault Complex, have a listric expression at depth, where the 288 

interpreted fault surface curves into a lower-angle surface at approximately 5 s TWT (Fig. 2, 289 

stippled line).  290 



The easternmost fault in the Terningen Fault Complex forms the boundary between the main 291 

Lower Cretaceous Fingerdjupet depocenter and the Ringsel Ridge. This fault consists of two 292 

main segments where the southern segment is oriented N-S and the northern segment is 293 

oriented NNE-SSW (Fig. 1). Maximum displacement of the Berriasian-Tithonian horizon by 600 294 

ms TWT (ca. 830 m) to 700 ms TWT (ca. 970 m) in the Fingerdjupet Subbasin is observed 295 

where the two fault segments branch. In the Randi Fault Set, fault displacement is generally 296 

smaller than 250 ms TWT (ca. 350 m) (Figs. 2 and 7). NNE-SSW faults defining large fault 297 

blocks in the Bjørnøya Basin displace the Berriasian-Tithonian by between 500 and 600 ms 298 

TWT (ca. 700-830 m) (Fig. 1c). The NNE-SSW fault segments truncating the Berriasian-299 

Tithonian horizon are straight to slightly curved. There are, however, some en echelon fault 300 

segments with various degree of linkage, from soft-links via relay ramps to hard-links (Fig. 1c, 301 

north of the Terningen Fault Complex).  302 

The large west-facing NNE-SSW faults in the Bjørnøya Basin define the boundaries between 303 

large rotated fault blocks (Figs. 1 and 2). Stratigraphy of Carboniferous or older to Early 304 

Cretaceous age is affected by NNE-SSW faults in the Bjørnøya Basin and Fingerdjupet 305 

Subbasin (Fig. 2). The faults are occasionally truncated by the Upper Regional Unconformity 306 

(Base Quaternary).  307 

Wedge-shaped seismic packages thickening towards faults trending NNE-SSW can be 308 

observed between several interpreted stratigraphic surfaces in the study area: Intra Permian to 309 

Middle Triassic (Fig. 2), Berriasian-Tithonian to intra upper Hauterivian (Fig. 6, Sequence 3) and 310 

intra Barremian to intra lower Albian (Fig. 6, Sequence 5). The Lower Cretaceous wedges can 311 

be seen in seismic sections in Figures 7 and 8. Along strike of the Terningen Fault Complex, 312 

local transverse folds are observed between the Berriasian-Tithonian and intra lower Albian 313 

horizons (Fig. 9). These anticlines and synclines with fold axis orthogonal to fault strike suggest 314 

fault displacement maxima and minima related to relay zones (Fig. 9).  315 



 316 

4.2 N-S faults 317 

The large west-facing Leirdjupet Fault Complex, defining the eastern boundary of the Bjørnøya 318 

Basin and western boundary of the Ringsel Ridge, is one of few but prominent N-S striking 319 

extensional fault arrays in the study area. As seen in Fig. 1, this fault complex link up with a 320 

large NNE-SSW fault west of the shallow stratigraphic borehole 7320/3-U-1 via a number of en 321 

echelon fault segments striking approximately NNW-SSE. Vertical displacement of the 322 

Berriasian-Tithonian horizon over the Leirdjupet Fault Complex decreases from approximately 323 

2500 ms TWT (ca. 3470 m) in the southern part of the study area to less than 190 ms TWT (ca. 324 

260 m) 60 km farther north. Fault activity is displayed by several Lower Cretaceous wedge-325 

shaped packages in the Bjørnøya Basin, which thicken towards the Leirdjupet Fault Complex 326 

(Figs. 2 and 8).  327 

 328 

4.3 E-W faults 329 

A fault population striking approximately E-W is observed throughout the study area (Fig. 1c). 330 

Compared to the previously described fault systems, fault displacements of the Berriasian-331 

Tithonian horizon are relatively modest, commonly in the range of 10-100 ms TWT (ca. 10-140 332 

m) but locally up to 180 ms TWT (ca. 250 m). For the Berriasian-Tithonian horizon, individual 333 

faults are straight and can be traced along strike for up to 25 km. In the Fingerdjupet Subbasin 334 

and the eastern Bjarmeland Platform the displacement is for the most part less than 100 ms 335 

TWT (ca. 140 m), affecting Upper Triassic to Lower Cretaceous stratigraphy. The E-W oriented 336 

faults generally tip out down section in the lower part of the Upper Triassic interval. Minor 337 

growth packages towards E-W oriented faults are observed between the intra lower Norian and 338 



Oxfordian-Callovian horizons (Fig. 6, Sequence 1). The E-W oriented faults have also been 339 

active at a later stage, as indicated by fault displacements of the lower-middle Albian and upper 340 

Albian surfaces (Fig. 10). With faults mostly truncated at the URU, and absence of associated 341 

growth wedges in the preserved Lower Cretaceous section, dating of this fault activity is difficult. 342 

However, it certainly post-dates the early Albian. 343 

 344 

4.4 NW-SE faults 345 

An extensive system of NW-SE striking faults is observed in the 3D dataset. The fault system 346 

can be seen in seismic sections in Figs. 7 and 8 and in variance attribute maps for the lower-347 

middle Albian and upper Albian horizons in Fig. 10. Maximum displacement is seen near the 348 

intra Lower Albian and lower-middle Albian horizons. Fault displacement varies from 349 

approximately 25 ms TWT (ca. 40 m) to near seismic resolution (17 - 10 m; Table 2) for the 350 

lower-middle Albian horizon. In seismic sections, the fault plane characteristics vary from 351 

virtually transparent to strongly reflective, with reflective faults traceable across the Fingerdjupet 352 

Subbasin. Timing of the fault activity is problematic as no growth wedges are observed and 353 

many faults are truncated at the URU. Figure 10b shows how the upper Albian horizon, which is 354 

the uppermost interpretable Lower Cretaceous horizon in the Fingerdjupet Subbasin, is affected 355 

by the NW-SE fault system. The largest vertical displacements are seen near the intra lower 356 

Albian to lower-middle Albian horizons and the faults either tip out in the lower Albian or Aptian, 357 

or they interfere with the upper fault tips of deeper-seated faults, sometimes resulting in a 358 

significantly higher fault density such as above NNE-SSW faults in the Randi Fault Set (Fig. 7). 359 

Fault interaction is indicated by curved fault intersections with mainly E-W faults but also with 360 

the upper part of the Terningen Fault Complex (Fig. 10).  361 



5. Basin architecture 362 

The Upper Triassic to recent strata present in the Fingerdjupet Subbasin have been divided into 363 

seven sequences. Results from the seismic interpretation are shown on seismic sections in 364 

Figs. 2, 6, 7 and 8, and as a time-structure map for the Berriasian-Tithonian horizon in Fig. 1. 365 

Fig. 5 presents a summary of the mapped seismic horizons and how they relate to 366 

chronostratigraphy, observed seismic geometries and thereby sequences. An overview of 367 

thickness variations for Sequences 1, 2, 3, 4, 5A and 5B is presented in Fig. 6. Wedge-shaped 368 

seismic geometries pre-dating the Late Triassic are clearly seen in the Bjørnøya Basin and 369 

Fingerdjupet Subbasin in Fig. 2, however, detailed description of these is beyond the scope of 370 

this work; information is given in Kamp (2016). Lower to Middle Triassic deltaic deposits have a 371 

substantial thickness in the Hoop Fault Complex but pinch out or condense rapidly W towards 372 

the Fingerdjupet Subbasin (Fig. 2). 373 

5.1. Sequence 1: Intra lower Norian to Oxfordian-Callovian (iln-OC) 374 

Sequence 1 shows a general westward increase in thickness, from 40 to 120 ms TWT (ca. 70 - 375 

200 m). The thickest part of the sequence is seen on the Ringsel Ridge (Figs. 7 and 8). In the 376 

Fingerdjupet Subbasin, smaller-scale time-thickness variations are observed as wedge-shaped 377 

seismic packages with 20 to 30 ms TWT (ca. 30 - 50 m) thickness increase towards E-W 378 

oriented faults (Fig. 6, Sequence 1). In the northern part of the study area, the sequence locally 379 

increases in thickness towards the top of the footwall blocks of faults oriented NNE-SSW.  380 

5.2 Sequence 2: Oxfordian-Callovian to Berriasian-Tithonian (OC-BT) 381 

Sequence 2 varies in thickness between 10 and 70 ms TWT (ca. 20 – 120 m). There is a 382 

general westwards thickness increase and a small but distinct thickness increase is observed 383 

along a smooth, gently curved, northeast to north oriented line through the study area (Fig. 6-384 



Sequence 2). The sequence does not seem to change thickness neither across faults oriented 385 

E-W nor the N-S to NNE-SSW oriented faults in the Terningen Fault Complex.  386 

5.3 Sequence 3: Berriasian-Tithonian to intra upper Hauterivian (BT-iuH) 387 

Sequence 3 is characterized by wedge-shaped seismic packages, where there is a thickness 388 

increase towards NNE-SSW striking normal faults (Fig. 6-Sequence 3, Figs. 7 and 8). The 389 

thickness varies from approximately 200 ms TWT (ca. 280 m) close to the Terningen Fault 390 

Complex to 20 ms TWT (ca. 30 m) along the eastern margin of the basin. Wedge-shaped 391 

seismic packages thicken both towards the Terningen Fault Complex and towards faults 392 

bounding individual rotated fault blocks within the Fingerdjupet Subbasin and the Randi Fault 393 

Set. This fault array with associated sedimentary growth packages is shown in a seismic section 394 

in Fig. 7 and in a Berriasian-Tithonian time-structure map in Fig. 1. Sequence 3 reflectors are 395 

cut by faults while onlapping the hangingwall dipslopes (Fig. 7). No significant erosion of the 396 

footwall highs has been observed. Locally, E-W striking faults appear to have an influence on 397 

thickness variation observed in the data as seen in the time-thickness map (Fig. 6, Sequence 398 

3).  399 

5.4 Sequence 4: Intra upper Hauterivian to intra Barremian (iuH-iB) 400 

Sequence 4 varies in thickness from 200 to 500 ms TWT (ca. 280-700 m). In the Ringsel Ridge 401 

the top of the sequence has been truncated by the intra Barremian horizon and 200-250 ms 402 

TWT thickness (ca. 280 - 350 m) is recorded (Fig. 7). In the Fingerdjupet Subbasin the 403 

thickness varies between 350 to 400 ms TWT (ca. 490-560 m). Along the eastern flank of the 404 

Fingerdjupet Subbasin the sequence records a time-thickness between 420 and 500 ms TWT 405 

(ca. 580-690 m) and on the Bjarmeland Platform in the eastern part of the study area the 406 

thickness is 350-400 ms TWT (ca. 490-560 m). The thickness variations of Sequence 4 occur 407 

across NNE-SSW and N-S trending faults; mainly for the Terningen Fault Complex but also 408 



across faults with less displacement in the Randi Fault Set.  The sequence shows two 409 

oppositely directed systems of prograding clinoforms (Figs. 11 and 12). SE prograding 410 

clinoforms (Fig. 11) are most easily observed on the platform east in the study area where the 411 

succession is relatively flat-lying, the fault density is low and the present burial depth is shallow. 412 

This system can also be observed in the Randi Fault Set, where detailed correlation is made 413 

difficult by densely spaced NNE-SSW faults, and in the Fingerdjupet Subbasin, although the 414 

level of detail is lower than on the Bjarmeland Platform because of the greater burial depth (Fig. 415 

7). In the southeastern part of the study area, on the Bjarmeland Platform, the SE prograding 416 

clinoform system merges with and overlies another system of clinoforms displaying a NW 417 

direction of progradation and steeper foreset angles (Fig. 12). The clinoform systems are 418 

overlain by a conformable succession of laterally continuous, parallel reflections. The top of this 419 

succession shows a varying degree of erosional truncation at the intra Barremian horizon.  420 

 421 

5.5 Sequence 5: Intra Barremian to intra lower Albian (iB-ilAl)  422 

Sequence 5 shows pronounced wedge-shaped geometries and thickening of seismic packages 423 

towards NNE-SSW faults in the study area (Figs. 2, 6-sub-sequences 5A and 5B, 7 and 8). In 424 

the most prominent Lower Cretaceous Fingerdjupet depocenters the sequence reaches 425 

thicknesses of approximately 600 ms TWT (ca. 830 m), while it thins towards the platform in the 426 

east to less than 50 ms TWT (ca. 70 m). From the base to the top of sequence 5 there is a 427 

marked change in which faults control the distribution of sediments, as indicated in Fig. 5. 428 

Sequence 5 has therefore been divided into two sub-sequences.  429 

5.5.1 Sub-sequence 5A: Intra Barremian to intra Aptian 1 (iB-iA1)  430 

 Sub-sequence 5A is characterized by pronounced thickening towards the Terningen Fault 431 

Complex and several other smaller faults in the Randi Fault Set, strengthening the half-graben 432 



versus footwall high morphology across the Fingerdjupet Subbasin (Fig. 7). The sub-sequence 433 

is not present in the Ringsel Ridge, where the intra Barremian horizon can be seen truncating 434 

parts of sequence 4 (Fig. 13b). Sub-sequence 5A onlaps the intra Barremian horizon at 435 

individual footwall highs in the Randi Fault Set as well as the eastern margin of the Fingerdjupet 436 

Subbasin. The intra lower Aptian horizon (internal to sub-sequence 5A) locally truncate strata of 437 

the lower part of sub-sequence 5A east in the Fingerdjupet Subbasin and in the Randi Fault Set 438 

(Fig. 13c). Wedge-shaped seismic packages deposited roughly contemporaneously with this 439 

sub-sequence are observed in the hangingwall of the Leirdjupet Fault Complex in the Bjørnøya 440 

Basin (Figs. 2 and 8). The intra Aptian 1 horizon (base sub-sequence 5B) is the first horizon to 441 

blanket both the Ringsel Ridge and the Randi Fault Set (Figs. 7, 8, 13). 442 

5.5.2 Sub-sequence 5B – intra Aptian 1 to intra lower Albian (iA1-ilAl) 443 

Sub-sequence 5B drapes the Randi Fault Set but shows a significant thickening towards the 444 

Terningen Fault Complex. Progressively smaller time-thickness differences between the main 445 

Fingerdjupet Subbasin depocenter and the adjacent Ringsel Ridge are observed up section 446 

(Figs. 7 and 8). In the Ringsel Ridge the thickness of sub-sequence 5B varies between 150-200 447 

ms TWT (ca. 210-280 m) whereas in the Fingerdjupet Subbasin the thickness reaches 300 ms 448 

TWT (ca. 420 m).  449 

 450 

5.6 Sequence 6: Intra lower Albian to Upper Regional Unconformity (ilAl-URU) 451 

The Albian strata of the Fingerdjupet Subbasin are truncated by the URU. Accordingly, 452 

thickness variations of sequence 6 are strongly affected by uplift and erosion, which have 453 

removed progressively older strata towards the basin margins (Figs. 7 and 8). The lower parts 454 

of sequence 6, from intra lower Albian to lower-middle Albian, are present in most parts of the 455 

basin and record a slight, gradual westward thickening. The sequence onlaps the eastern basin 456 



margin until Upper Albian strata drape the western Bjarmeland Platform. No thickness variations 457 

associated to any fault trends are observed, but the package has been offset by NNE-SSW, 458 

NW-SE and E-W oriented fault systems after deposition (Fig. 10).  459 

5.7 Sequence 7: Upper Regional Unconformity – seabed (URU-Sb) 460 

Sequence 7 consists of Quaternary deposits with common SW-NE oriented iceberg plough 461 

marks at the seabed. The lower boundary surface is the URU, which separates the sequence 462 

from the underlying Lower Cretaceous deposits. The time-thickness of the sequence varies 463 

between approximately 70 ms TWT in the southwest to practically zero in the northwest towards 464 

the Stappen High. Seismic sections in Figs. 2, 7 and 8 show the URU eroding deeply into the 465 

Albian strata in the Fingerdjupet Subbasin. 466 

  467 



6. Discussion 468 

We aim at establishing a seismic- and tectonostratigraphic framework for the Jurassic to Lower 469 

Cretaceous strata of the Fingerdjupet Subbasin; however, reactivation of previously established 470 

tectonic fabrics seems obvious and calls for a short discussion on inheritance and larger-scale 471 

structure. The results presented in chapters 4 and 5 are subsequently discussed in a western 472 

Barents Sea context to assess the regional significance of observations from the Fingerdjupet 473 

Subbasin. 474 

 6.1 Local inheritance and reactivation  475 

The Terningen Fault Complex is a fundamental structure that controls accommodation space 476 

creation in the Fingerdjupet Subbasin. Sedimentary growth packages suggest deposition during 477 

periods of active extensional faulting as illustrated in Figures 5, 6, 7 and 8. On a large scale, the 478 

Fingerdjupet Subbasin can be seen as a semi-regional rollover structure where the Bjarmeland 479 

Platform rolls into the Terningen Fault Complex. Extension is accommodated by displacement 480 

on the Terningen Fault Complex that changes/link into an underlying lower-angle detachment 481 

fault at depth (Fig. 2, ~5 s TWT). This seismically mappable fault geometry gives a listric 482 

expression that offers a viable explanation for the overlying rollover fold (e.g. Hongbin Xiao and 483 

Suppe, 1992). Closely spaced sub-parallel faults in the Randi Fault Set may either represent 484 

breakdown faults in the rollover, with antithetic and synthetic faults rooted in the deeper 485 

detachment, or outer-arc extension faults in the rollover anticline (Figs. 1c, 2). Extensional faults 486 

in the crest of rollover anticlines have been demonstrated on a variety of scales from seismic 487 

data to analogue experiments (e.g. Hongbin Xiao and Suppe, 1992; Mauduit and Brun, 1998; 488 

McClay, 1990).  489 

Extensional faulting likely reactivated the underlying structural grain of Caledonian contractional 490 

structures (Barrère et al., 2009; Blaich et al., 2017; Gernigon et al., 2014; Gernigon and 491 

Brönner, 2012; Ritzmann and Faleide, 2007), which has been described on Bjørnøya by 492 



Braathen et al. (1999b) and Worsley et al. (2001). There, Caledonian thrusts were reactivated 493 

as normal faults in the Carboniferous, resulting in syn-tectonic deposition mainly related to N-S 494 

striking faults. Blaich et al. (2017) mapped mid-Carboniferous growth packages linked to NE-495 

SW striking faults in the northern Bjørnøya Basin and southern Stappen High. Wedge-shaped 496 

seismic packages of pre-Permian age have not, however, been observed in the Fingerdjupet 497 

Subbasin. Although beyond the scope of this work, it is worth noting that syn-extensional 498 

deposits related to low-angle detachment faults might display different geometries than the 499 

typical wedge-shaped seismic geometries related to steeply dipping normal faults (Friedmann 500 

and Burbank, 1995; Peron-Pinvidic et al., 2007). Hence, Carboniferous (and/or Devonian) 501 

extension might have affected the Fingerdjupet Subbasin even though there are no observable 502 

growth packages in the assumed pre-Permian stratigraphy. Speculatively, pre-Late-Permian 503 

extension in the Fingerdjupet Subbasin may have been accommodated by extensional 504 

reactivation of Caledonian thrust faults, perhaps represented by e.g. the proposed low-angle 505 

detachment in Figure 2 (~5 s TWT). The steeply dipping Terningen Fault Complex, which has 506 

been instrumental for the current basin architecture, was then established in the Late Permian. 507 

The Leirdjupet Fault Complex was also active in the Late Permian to Early Triassic, leading to 508 

deposition of growth packages in the Bjørnøya Basin described by Blaich et al. (2017) and 509 

evident in Figure 2. The age of this faulting is constrained by seismic tie to well 7321/8-1 in the 510 

southern Fingerdjupet Subbasin (“Norwegian Petroleum Directorate Factpages,” 2017).  511 

Reactivation in the Terningen Fault Complex is suggested as a fundamental control on 512 

Fingerdjupet Subbasin evolution based on the confident observation of growth packages in Late 513 

Permian-Early Triassic strata (Kamp, 2016), in sequences 3 and 5 (Figs. 2, 6, 7, 8), descriptions 514 

of Late Triassic growth wedges connected to the Terningen Fault Complex (Kamp, 2016), and 515 

evidence for extensional faulting post-dating the youngest preserved basin fill. Based on the 516 

current work and observations by Blaich et al. (2017) it is suggested that the Bjørnøya Basin 517 

and Fingerdjupet Subbasin shares a common history of reactivation of major, steeply dipping N-518 



S and NNE-SSW faults from the Late Permian onwards.Orientation of faults may not fully reflect 519 

the stress regime at the time of faulting, especially if basement rooted with a strong inherited 520 

trend (Sibson, 1985). Depending on changes in the stress regime, reactivation could be favored 521 

over establishing new trends, as would be expected for the Terningen Fault Complex and Randi 522 

Fault Set. On the other hand, E-W and NW-SE fault sets, which are confined to intervals in the 523 

stratigraphy, more likely represent the stress field driving the faulting. It follows from this that 524 

significant changes in the local stress regime have occurred several times in basin history, 525 

notably (1) between Late Triassic reactivation of the NNE-SSW Terningen Fault Complex 526 

(Kamp, 2016) and latest Triassic to Middle Jurassic faulting in the E-W striking fault population; 527 

(2) between cessation of extensional faulting in the E-W oriented fault population in the Middle 528 

Jurassic and another reactivation of the Terningen Fault Complex in the latest Jurassic to 529 

Hauterivian; and (3) during one or several periods in post-Albian times as evident by faulting 530 

along NW-SE striking faults and reactivations of NNE-SSW, N-S and E-W striking fault 531 

populations. Although further evidence is needed, these inferred changes in the local stress 532 

regime are believed to reflect the interplay between North Atlantic and Arctic extensional 533 

tectonics as previously suggested by e.g. Faleide et al. (1993b). 534 

 535 
6.2 Basin evolution 536 

 537 

6.2.1 Latest Triassic to Middle Jurassic extensional faulting 538 

Sequence 1 (intra lower Norian – Oxfordian-Callovian) records an extensional faulting event in 539 

the Fingerdjupet Subbasin where growth wedges relate to faults oriented E-W (Fig. 6-Sequence 540 

1). Previous work by Faleide et al. (1993a, 1993b, 2015) and Gabrielsen et al. (1990) have 541 

briefly touched upon Jurassic extensional faulting events affecting the Fingerdjupet Subbasin, 542 

although limitations in seismic coverage and resolution have made it difficult to decide on the 543 

timing of these events and also whether the extensional faulting events were continuous or 544 



punctuated by tectonically quiet periods. Faleide et al. (1993a, 1993b) linked a 545 

Bathonian/Callovian hiatus in the Hammerfest Basin to the onset of Middle-Late Jurassic 546 

tectonics in the Barents Sea and indicated that this tectonic phase likely initiated the subsidence 547 

of the Bjørnøya Basin. For the present study, seismic resolution still represents a challenge for 548 

deciding on the timing of the extensional faulting event recorded by Sequence 1. This is 549 

illustrated by Fig. 4 (inset), where unconformities inferred from biostratigraphic and 550 

petrophysical log data are closely spaced in the seismic data. More specific age constraints on 551 

this extensional faulting event must be inferred from wells, were the stratigraphic resolution is 552 

much higher. One indication for the timing of faulting is an unconformity interpreted from 553 

biostratigraphic and petrophysical log data of well 7321/7-1 (Robertson Group, 1989) where 554 

Bathonian to middle Bajocian strata are likely to be absent. This hiatus could reflect vertical 555 

movements in the area, triggered by faulting, consistent with a late Middle Jurassic rift event. 556 

Collanega et al. (2017) suggested E-W faults in the Hoop Fault Complex area were active in the 557 

Early Jurassic. Judging from the expansion of strata towards E-W oriented faults in the 558 

Fingerdjupet Subbasin; however, faults were likely active also in the latest Triassic (Norian). 559 

Higher resolution data will be needed to decide whether the extension was continuous 560 

throughout deposition of Sequence 1 or if the observed growth packages result from several 561 

phases of extensional faulting. Unconformities within Sequence 1 inferred from well 7321/7-1  562 

(Middle Norian-Rhaetian/upper Norian and Bathonian-middle Bajocian inferred absent) 563 

(Robertson Group, 1989) suggest the latter. Observations from Edgeøya and Hopen in the 564 

northern Barents Sea (Osmundsen et al., 2014) and the Goliat area of the Hammerfest Basin in 565 

the southern Barents Sea (Mulrooney et al., 2017) are consistent with observations from the 566 

Fingerdjupet Subbasin and indicate the regional significance of extensional faulting in E-W 567 

striking faults commencing in the Norian.The interpreted Oxfordian-Callovian surface marks the 568 

cessation of activity on E-W striking faults in the Fingerdjupet Subbasin, thus disagreeing with 569 



the Late Jurassic faulting inferred by Gabrielsen et al. (1990) and Faleide et al. (1993a) both in 570 

terms of fault timing and which fault trends were active.  571 

The thickness increase observed locally towards the top of the footwalls of NNE-SSW faults is 572 

enigmatic, although seismic interpretation suggests these faults were not active during 573 

deposition of sequence 1 (Fig. 6, Sequence 1). Possible explanations include differential 574 

compaction where the uplifted footwall was compacted less than the adjacent basin, and/or 575 

hydrocarbon-filled sandstones at the crests of rotated fault blocks causing velocity pulldown. 576 

 577 

6.2.2 Late Jurassic tectonic quiescence 578 

Sequence 2 (Oxfordian-Callovian – Berriasian-Tithonian) is largely undisturbed by the different 579 

fault sets present in the Fingerdjupet Subbasin. There is a slight but marked westward thickness 580 

increase that can be followed along a smooth, gently curved line for more than 100 km (Fig. 6, 581 

Sequence 2). This feature crosses both the NNE-SSW Terningen Fault Complex and many of 582 

the E-W oriented faults with no affiliated thickness variations, suggesting the faults were not 583 

active upon deposition of Sequence 2. Hence, the westward thinning trend likely has a 584 

sedimentary rather than tectonic origin. It is thus considered unlikely that the Late Jurassic 585 

tectonism has generated the main (N-S/NNE-SSW) fault trend of the Fingerdjupet Subbasin as 586 

previously suggested by Gabrielsen et al. (1990) and Faleide et al. (1993a). This deviates from 587 

observations in the Hammerfest Basin, where the Late Jurassic to Early Cretaeous records the 588 

culmination of Mesozoic rifting which started in Middle Jurassic times (e.g. Faleide et al., 589 

1993b). Speculatively, a greater part of the SW Barents Sea area, including the Fingerdjupet 590 

Subbasin, the western Bjarmeland Platform with the Hoop Fault Complex and Mercurius High 591 

(Collanega et al., 2017), and the Hammerfest Basin (Faleide et al., 1993b; Gabrielsen et al., 592 

1990; Indrevær et al., 2016; Mulrooney et al., 2017) experienced Early to Middle Jurassic 593 

extensional faulting on E-W faults, while deformation became localized to the Hammerfest Basin 594 

as extension persisted through the Late Jurassic to Early Cretaceous. Blaich et al. (2017) 595 



suggested a Late Jurassic extensional event affected the Bjørnøya Basin and Fingerdjupet 596 

Subbasin, leading to deposition of Kimmeridgian-Tithonian growth packages along major NE-597 

SW and NNE-SSW faults. Detailed 3D mapping performed for the current work, however, does 598 

not support these conclusions; thickness differences in Late Jurassic strata in the Fingerdjupet 599 

Subbasin seem unrelated to any fault trends. We therefore conclude that tectonic quiescence 600 

prevailed in the Fingerdjupet Subbasin in the Late Jurassic. It can thus be speculated that the  601 

influence of North Atlantic tectonics reached the Bjørnøya Basin at this time, but not further east 602 

into the Fingerdjupet Subbasin.   603 

 604 

6.2.3 Latest Jurassic - Hauterivian extensional faulting 605 

Sequence 3 (Berriasian-Tithonian – intra upper Hauterivian) is clearly affiliated with N-S to NNE-606 

SSW faults, where growth wedges relate to the Terningen Fault Complex and faults in the Randi 607 

Fault Set (Fig. 6-Sequence 3, Figs. 7 and 8). Growth wedges that occupy the approximately 608 

same stratigraphic position in the Bjørnøya Basin are observed banked onto the Leirdjupet Fault 609 

Complex and other large NNE-SSW faults in the basin. This is supported by Blaich et al. (2017), 610 

who suggested a Valanginian-Hauterivian extensional phase affected the Bjørnøya Basin, 611 

southern Stappen High and Fingerdjupet Subbasin. The Hoop Fault Complex to the east of the 612 

study area likely also experienced extension at this time (Fitriyanto, 2011), indicating the semi-613 

regional significance of an extensional faulting event (Figs. 2 and 8).The growth packages 614 

related to this faulting have a significantly larger areal extent and time thickness compared to 615 

those of the proposed latest Triassic – Middle Jurassic extensional faulting event in the 616 

Fingerdjupet Subbasin, thus suggesting both larger sediment supply and that a higher relief 617 

bathymetry was generated. Considering there was sedimentation on the uplifted footwall highs 618 

in the Randi Fault Set it is suggested that Sequence 3 was deposited in a fully marine 619 

environment. This is supported by observations of a Valanginian to Barremian condensed 620 



section with overlying middle Barremian marine clays in a shallow stratigraphic corehole 621 

(7320/03-U-01) on the northern Ringsel Ridge (Smelror et al., 1998; Århus et al., 1990).  622 

Based on the observations from Sequence 3, a latest Jurassic to Hauterivian extensional 623 

faulting event is proposed for the Fingerdjupet Subbasin. This extension by movement on N-S 624 

to NNE-SSW faults must represent a change in the local stress regime from the suggested 625 

latest Triassic to Middle Jurassic extensional faulting event, when the area experienced activity 626 

along E-W oriented faults. The inferred stress-axis change might relate to an increasing 627 

influence of rifting in the North Atlantic relative to the Arctic around the Jurassic-Cretaceous 628 

transition as previously suggested by Faleide et al. (2008, 1993b). This led to reactivation of 629 

major fault complexes such as the Ringvassøy-Loppa Fault Complex, Bjørnøyrenna Fault 630 

Complex and Leirdjupet Fault Complex (Blaich et al., 2017; Faleide et al., 1993b).   631 

 632 

6.2.4 Hauterivian – Barremian tectonic quiescence and clinoform deposition 633 

Sequence 4 is characterized by the presence of prograding clinoforms on the Bjarmeland 634 

Platform, in the Randi Fault Set and in the Fingerdjupet Subbasin (Figs. 7, 8, 11, 12). The 635 

dominant SE direction of progradation seen in Fig. 11 on the western edge of the Bjarmeland 636 

Platform implies that the system must have travelled past the Randi Fault Set area. With 637 

distinct, stepwise thickness increase of the sequence in the Randi Fault Set, the prograding 638 

system must have interacted either with active faults or with a fault-controlled topography 639 

resulting from earlier events that created an under-filled sink. No apparent growth wedges are 640 

observed in Sequence 4 at the bottom of the grabens and half-grabens of the Randi Fault Set. 641 

Accordingly, we suggest the prograding system filled relict and underfilled fault bathymetry 642 

before advancing further southeast. This contrasts Faleide et al. (1993a, 1993b), who 643 

speculated that a Hauterivian/Barremian tectonic event indicated from wells in the Hammerfest 644 

Basin should have more strongly affected the Bjørnøya Basin. No clinoform geometries are 645 

observed in the Ringsel Ridge, suggesting it was a positive bathymetric feature bounded by 646 



areas of deeper water as the prograding system entered the study area, perhaps as a result of 647 

footwall uplift on the Leirdjupet and Terningen fault complexes during the suggested latest 648 

Jurassic to Hauterivian extensional faulting event. The SE prograding clinoform system merges 649 

with and overlies NW prograding clinoforms on the western Bjarmeland Platform (Fig. 12), thus 650 

indicating the presence of an uplifted source area to the south. Different foreset angles might 651 

represent differences in parameters related to the paleogeographic setting and grain size 652 

distribution (Patruno et al., 2015). The SE prograding system has an inferred source area NW to 653 

W of Svalbard, commonly linked to regional uplift on the northern Barents margin related to the 654 

HALIP (Faleide et al., 2015, 1993b; Marín et al., 2016; Midtkandal et al., 2015; Midtkandal and 655 

Nystuen, 2009; Senger et al., 2014). The long distance to the inferred source area suggests 656 

dominantly fine-grained sediments are expected, supported by descriptions of the section in 657 

wells 7321/7-1, 7321/8-1 and 7321/9-1 (“Norwegian Petroleum Directorate Factpages,” 2017; 658 

Robertson Group, 1989) and consistent with gently dipping clinoforms observed in seismic data 659 

in the Fingerdjupet Subbasin and western Bjarmeland Platform. Some caution must be 660 

exercised, however; Hinna (2016) observed clinothems pinching out before reaching the well 661 

locations (7321/7-1, 7321/8-1 and 7321/9-1). The exploration wells targeted rotated fault blocks 662 

along NNE-SSW to N-S faults which were active during the latest Jurassic to Hauterivian 663 

extensional faulting event and with associated footwall uplift. The rotated fault blocks may thus 664 

have represented bathymetric highs as the clinoform system prograded into the area. Hence, 665 

the deposits described in the wells might not fully represent the SE-prograding clinoform 666 

system. The steeper foreset angles in the NW prograding system indicate a more proximal 667 

position with regards to source area, which together with the Barremian age of the sequence, 668 

supports an Early Barremian uplift of the Loppa High as described by Indrevær et al. (2016). 669 

Though proximal to the Loppa High, no inversion structures related to this uplift are observed in 670 

the study area.  671 

 672 



6.2.5 Aptian extensional faulting 673 

Sequence 5 (intra Barremian – intra lower Albian) records a significant extensional faulting 674 

event where growth packages are observed along N-S and NNE-SSW oriented faults. They link 675 

up with faults active during the proposed Tithonian to Hauterivian extensional faulting event, 676 

thus suggesting reactivation as a control on basin development (Fig. 6-Sequence 5). The 677 

sequence follows a typical fault system evolution where many faults are involved in the initial 678 

nucleation phase but eventually all the extension is focused on a few large faults (Fig. 6-sub-679 

sequence 5A and 5B) (Cowie, 1998). Sub-sequence 5A (intra Barremian – intra Aptian 1) shows 680 

growth packages along many faults in the Terningen Fault Complex and the Randi Fault Set, 681 

setting up a basin-wide morphology of half-grabens and footwall highs (Fig. 6–sub-sequence 682 

5A, Fig. 7). Sub-sequence 5A is not present on the Ringsel Ridge, possibly as a consequence 683 

of footwall uplift in the Terningen and Leirdjupet fault complexes early during the this 684 

extensional faulting event, causing subaerial exposure and erosion of Barremian strata. 685 

Truncation of strata internally in Sub-sequence 5A in uplifted footwall blocks in the Randi Fault 686 

Set suggests some subaerial exposure in the early Aptian, although erosion of these footwall 687 

highs was shallower than for the Ringsel Ridge (Fig. 13). The Robertson Group (1989) 688 

interpreted marine claystones above and below the intra Aptian 1 surface from cuttings and 689 

sidewall cores in well 7321/7-1, suggesting the footwall highs were drowned during continued 690 

extensional faulting and deposition of sub-sequence 5B.  691 

The base of sub-sequence 5B marks the end of extensional faulting in the Randi Fault Set as 692 

the sub-sequence drapes the footwall highs. A significant thickening towards the Terningen 693 

Fault Complex suggests this structure offers the main control on the sediment sink for sub-694 

sequence 5B. The variations in thickness observed across the Terningen Fault Complex 695 

decrease up sequence until no difference is observed near the intra Lower Albian horizon, 696 

indicating decreasing displacement rates on the controlling faults and/or infill of fault morphology 697 

after the end of faulting.  698 



While Sequence 5 contains Barremian to lower Albian strata, an Aptian timing of extensional 699 

faulting is suggested on the basis of (1) the deep erosion into Barremian strata in the Ringsel 700 

Ridge (Figs. 4, 13); (2) the absence of sub-sequence 5A on the Ringsel Ridge, indicating an 701 

early Aptian extensional faulting climax with associated footwall uplift in the Terningen Fault 702 

Complex (Figs. 4, 7, 8, 13); and (3) decreasing time thickness differences across the Terningen 703 

Fault Complex through the Aptian, with only minor differences for the possible lower Albian 704 

strata near the top of sub-sequence 5B (Figs. 4, 7, 8). Faleide et al. (1993a, 1993b) and Blaich 705 

et al. (2017) described an Aptian rift event in the Bjørnøya Basin, Fingerdjupet Subbasin and 706 

southern Stappen High, where the Ringsel Ridge experienced uplift and erosion. These 707 

observations are consistent with the present study, where Barremian strata in the Ringsel Ridge 708 

are truncated (Fig. 13) and the unconformity correlates with growth wedges in the Fingerdjupet 709 

Subbasin and Bjørnøya Basin (Figs. 2, 7, 8). The extent and thickness of these growth wedges, 710 

however, cannot be accounted for by erosion of the Ringsel Ridge alone and indicate additional 711 

sediment sources were present.  712 

The Barremian-earliest Aptian magmatism on Svalbard and the shelfal areas to the E and S, 713 

seen as flood basalts and intrusive dykes  and sills and described by e.g. Grogan et al. (2000), 714 

Maher (2001), Minakov et al. (2012) and Polteau et al. (2016), follows a NNE grain. The 715 

magmatism on Svalbard and Franz Josef Land is suggested to result from a distinct magmatic 716 

event at 125 Ma (Polteau et al., 2016), essentially contemporaneously with extensional faulting 717 

in the Terningen Fault Complex, Randi Fault Set and Leirdjupet Fault Complex. This indicates a 718 

link to the Fingerdjupet Subbasin and Bjørnøya Basin where Aptian extension is evident as 719 

normal faulting with associated sedimentary growth packages in the Terningen Fault Complex, 720 

Leirdjupet Fault Complex and other faults. The extension across the entire western Barents 721 

shelf likely relates to the northward propagation of Atlantic rifting (Blaich et al., 2017; Faleide et 722 

al., 2008, 1993b) while the manifestation of the extension, speculatively, might vary as a 723 

function of proximity to the HALIP. Atlantic influence on areas adjacent to the Fingerdjupet 724 



Subbasin is evident from documented extensional faulting in the Polhem Subplatform and the 725 

Ringvassøy-Loppa and Bjørnøyrenna fault complexes (Indrevær et al., 2016). 726 

 727 

6.2.6 Albian tectonic quiescence and post-late Albian extensional faulting  728 

Sequence 6 (intra lower Albian - URU) represents a conformable succession of Albian strata in 729 

the Fingerdjupet Subbasin. The Fingerdjupet Subbasin was still a sediment sink in the early 730 

Albian as indicated by onlaps onto the slope towards the Bjarmeland Platform, which was 731 

subsequently draped by upper Albian strata. Sequence 6 is offset by faults with orientations 732 

NNE-SSW, E-W and NW-SE (Figs. 10, 7, and 8). The timing of the tectonic events related to 733 

these faults, however, is difficult to constrain in the Fingerdjupet Subbasin both because of the 734 

lack of growth wedges related to the faults and also because the faults are commonly truncated 735 

at the URU. The post-Early Cretaceous development of the basin must be examined indirectly 736 

by studying neighboring basins where post-Lower Cretaceous deposits have been preserved. 737 

This is beyond scope for the present work. The orientations of the fault systems affecting 738 

Sequence 6 indicate not only reactivation of faults related to the proposed latest Triassic-Middle 739 

Jurassic and Barremian-lower Albian extensional faulting events, but likely also a change in the 740 

direction of extension leading to faulting along NW-SE oriented faults. The limited preserved 741 

stratigraphy and lack of confident observations of cross-cutting relationships makes it difficult to 742 

establish a sequence of events for the younger fault activity. It likely reflects varying stress 743 

regimes and fault styles during the Late Cretaceous and Paleogene extension leading to 744 

breakup and seafloor spreading in the Norwegian-Greenland Sea in the Eocene (Faleide et al., 745 

2008).  746 



7. Conclusions 747 

 The Fingerdjupet Subbasin has an evolution closely linked to reactivation of a N-S to 748 

NNE-SSW extensional fabric established in the Late Permian possibly following thrusting 749 

and extensional collapse in the Caledonian Orogen in the Silurian and Devonian and an 750 

inferred Carboniferous extensional reactivation. The Bjørnøya Basin and Fingerdjupet 751 

Subbasin share a common history of extensional faulting and reactivation on steeply 752 

dipping N-S to NNE-SSW faults from the Late Permian onwards. The Fingerdjupet 753 

Subbasin evolved as a semi-regional rollover structure where the Bjarmeland Platform 754 

was repeatedly downfaulted in the Terningen Fault Complex, creating accommodation 755 

space in the hangingwall. The Randi Fault Set developed as a result of outer-arc 756 

extension and breakdown faulting in the crest of the rollover anticline. 757 

 Extension led to normal faulting on E-W striking faults from the latest Triassic to late 758 

Middle Jurassic in the Fingerdjupet Subbasin and adjacent areas. This extensional 759 

faulting event likely affected a very large area, suggested by recent observations from 760 

other workers north (Edgeøya and Hopen) and south (Hammerfest Basin) in the western 761 

Barents Sea. 762 

 Late Jurassic tectonic quiescence in the study area contrast Late Jurassic to earliest 763 

Cretaceous extensional faulting on E-W striking faults in the Hammerfest Basin. 764 

 Reactivation in the Terningen Fault Complex, Randi Fault Set and other N-S and NNE-765 

SSW faults in the latest Jurassic to Hauterivian established the Fingerdjupet Subbasin 766 

as a major Lower Cretaceous depocenter. The study area remained submerged through 767 

this phase of extensional faulting and the relief generated by faulting was not filled. The 768 

change in the local stress regime leading up to this extensional faulting likely relates to 769 

an increasing influence of rifting in the North Atlantic relative to the Arctic. 770 



 During Barremian tectonic quiescence, SE prograding deltaic deposits derived from an 771 

uplifted region NW of Svalbard filled the Fingerdjupet Subbasin before prograding further 772 

SE on the Bjarmeland Platform. Early Barremian uplift of the Loppa High resulted in NW 773 

prograding clinoforms on the western Bjarmeland Platform. 774 

 Reactivation of major fault complexes in the SW Barents Sea, including the Terningen 775 

and Leirdjupet fault complexes, occurred in the Aptian, leading to subaerial exposure of 776 

the Ringsel Ridge and footwall highs in the Randi Fault Set. Sedimentary growth wedges 777 

received sediments from these proximal sources as well as distal sources.  778 

 Post-upper Albian extension led to both reactivation of E-W and N-S to NNE-SSW 779 

extensional fabrics and faulting along NW-SE striking faults, reflecting a changing stress 780 

regime during Late Cretaceous-Paleogene extension and subsequent breakup and 781 

seafloor spreading in the North Atlantic.  782 
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10. Figure captions 979 

Fig. 1: Map showing study area in the southwestern Barents Sea with structural elements, 980 

exploration wells, shallow coreholes and location of presented seismic profiles. a) Arctic 981 

overview map, SW Barents Sea indicated in red box. Abbreviations: HFZ: Hornsund Fault Zone, 982 

SFZ: Senja Fracture Zone. Modified from Jakobsson et al. (2012). b) SW Barents Sea basins 983 

and highs. Green outline indicate 3D seismic cube used for this study, stippled red line indicates 984 

location of Fig. 2 and red box indicate study area. Basin colours indicate main periods of basin 985 

formation according to Faleide et al. (2015): Red corresponds to Late Paleozoic, blue 986 

corresponds to Late Jurassic – Early Cretaceous and yellow corresponds to Late Cretaceous – 987 

Paleocene. Abbreviations: BB: Bjørnøya Basin, BjFC: Bjørnøyrenna Fault Complex, FSB: 988 

Fingerdjupet Subbasin, HfB: Hammerfest Basin, HFC: Hoop Fault Complex, HFZ: Hornsund 989 

Fault Zone, LH: Loppa High, MB: Maud Basin, MH: Mercurius High, NB: Nordkapp Basin, NH: 990 

Norsel High, OB: Ottar Basin, PSP: Polhem Subplatform, RLFC: Ringvassøy-Loppa Fault 991 

Complex, SFZ: Senja Fracture Zone, SR: Senja Ridge, SH: Stappen High, SB: Sørvestsnaget 992 

Basin, TFFC: Troms-Finnmark Fault Complex, TB: Tromsø Basin, VH: Veslemøy High, VVP: 993 

Vestbakken Volcanic Province. Map modified from (Faleide et al., 2015). c) Berriasian-Tithonian 994 

time structure map showing the main structural elements in the study area. Three structural 995 

elements have been defined in this work: The Ringsel Ridge, Terningen Fault Complex and 996 

Randi Fault Set. Some important faults are indicated in dark grey. Green outline indicates extent 997 

of 3D seismic data used for this study. Black stippled lines define locations of shown seismic 998 

sections. Seismic data courtesy of TGS. 999 

 1000 

Fig. 2: Composite seismic profile showing the main structural elements of the study area and 1001 

adjacent region. Major structures are; from E to W; Hoop Fault Complex, Bjarmeland Platform, 1002 

Randi Fault Set (Appendix), Fingerdjupet Subbasin, Terningen Fault Complex (Appendix), 1003 



Ringsel Ridge (Appendix), Leirdjupet Fault Complex and Bjørnøya Basin. Dotted lines indicate 1004 

changes in seismic line direction and boundaries between different seismic datasets. Profile 1005 

location is given in Fig. 1b. Seismic data courtesy of TGS.  1006 

Fig. 3: Correlation of lithostratigraphic groups from wells 7321/7-1, 7321/8-1 and 7321/9-1 in the 1007 

Fingerdjupet Subbasin. Stippled outline indicates stratigraphy in focus for the present work. 1008 

Gamma ray logs and well information from “Norwegian Petroleum Directorate Factpages” 1009 

(2017). 1010 

Fig. 4: Composite seismic profile showing seismic tie to exploration well 7321/7-1. Seismic 1011 

packages that are barely within seismic resolution on the highs relate to expanded packages in 1012 

the basin. Inset shows lowermost Cretaceous, Jurassic and uppermost Triassic succession 1013 

where four unconformities within 150 m (annotated yellow) are interpreted from biostratigraphic 1014 

and petrophysical log data (Robertson Group plc, 1989). Seismic line bend indicated by black 1015 

vertical line. Location of seismic line is shown in Fig. 1c. Abbreviations: ilN: intra lower Norian, 1016 

OC: Oxfordian-Callovian, BT: Berriasian-Tithonian, iuH: intra upper Hauterivian, iB: intra 1017 

Barremian, ilA: intra lower Aptian, iA1: intra Aptian 1, iA2: intra Aptian 2, ilAl: intra lower Albian, 1018 

lmA: lower-middle Albian. Seismic data courtesy of TGS. 1019 

Fig. 5: Seismic stratigraphic framework of the Late Triassic to Albian succession of the 1020 

Fingerdjupet Subbasin. The Jurassic and Cretaceous basin evolution is the main focus of the 1021 

present work and for the Norian to Middle Jurassic (~218-168 Ma), which in the study area 1022 

corresponds to a relatively thin sedimentary package, is therefore hidden in the 1023 

chronostratigraphy column. Chronostratigraphic chart modified from Gradstein et al. (2012). 1024 

Fig. 6: Time thickness maps and seismic sections for sequences 1, 2, 3, 4, 5A and 5B. Wedge-1025 

shaped seismic packages consistent with syn-tectonic deposition are seen for sequences 1 1026 

(Intra lower Norian – Oxfordian-Callovian), 3 (Berriasian-Tithonian – intra upper Hauterivian) 1027 



and 5 (Intra Barremian – intra lower Albian). Red arrows indicate thickness variations for the 1028 

sequences. Seismic profile locations are indicated in the respective time thickness maps. 1029 

Seismic data courtesy of TGS. 1030 

Fig. 7: Seismic profile showing the Triassic to Lower Cretaceous succession of the Fingerdjupet 1031 

Subbasin. Colour overlays correspond to interpreted sequences as outlined in Fig. 5. Wedge-1032 

shaped seismic packages and pronounced thickness differences between the Fingerdjupet 1033 

Subbasin and the Ringsel Ridge are seen for sequences 3 (BT – iuH) and 5 (iB – ilA). The 1034 

strong, cross-cutting reflections seen in the upper part of the section, particularly near the 1035 

Ringsel Ridge, are NW-SE oriented faults cut along strike by the seismic profile. Profile location 1036 

is given in Fig. 1c. Seismic data courtesy of TGS. 1037 

Fig. 8: Seismic profile showing the northern Bjørnøya Basin and the Fingerdjupet Subbasin 1038 

separated by the Ringsel Ridge. The Leirdjupet Fault Complex marks the western boundary of 1039 

the Ringsel Ridge while the Terningen Fault Complex marks the eastern boundary. Colour 1040 

overlays correspond to interpreted seismic sequences (Fig. 5). Sequences 3 (BT – iuH) and 5 1041 

(iB – ilA) show wedge-shaped seismic geometries in the Fingerdjupet Subbasin and the 1042 

Bjørnøya Basin and pronounced thickness differences compared to the Ringsel Ridge. Profile 1043 

location is seen in Fig. 1c. Seismic data courtesy of TGS. 1044 

Fig. 9: Seismic section showing transverse folds related to fault displacement gradients and 1045 

relay zones in the Terningen Fault Complex. Profile is taken along strike and close to a large 1046 

fault in the hangingwall of the Terningen Fault Complex. Location of seismic line is shown in Fig. 1047 

1c. Seismic data courtesy of TGS. 1048 

Fig. 10: Variance attribute draped on lower-middle Albian horizon (10a) and upper Albian 1049 

horizon (10b) highlighting fault trends affecting the Albian succession. Dominant fault 1050 



populations are oriented NW-SE and NNE-SSW with a minor influence from E-W oriented faults. 1051 

Seismic data courtesy of TGS. 1052 

Fig. 11: Seismic profile showing prograding clinoforms of Sequence 4 (Fig. 5) in the Randi Fault 1053 

Set and on the Bjarmeland Platform. The clinoforms show a SE direction of progradation. 1054 

Location of profile is shown in Fig. 1c. Seismic data courtesy of TGS. 1055 

Fig. 12: Seismic profile showing two separate systems of prograding clinoforms in Sequence 4 1056 

(Fig. 5) on the Bjarmeland Platform. The low-angled, southeast prograding clinoforms 1057 

correspond to the system seen in Fig. 11. The seismic line azimuth represents depositional dip 1058 

for both systems. Location of profile is seen in Fig. 1c. Seismic data courtesy of TGS. 1059 

Fig. 13: Seismic sections showing truncation of seismic reflections in the Ringsel Ridge (a, b) 1060 

and uplifted footwall highs in the Fingerdjupet Subbasin (c). Locations of seismic profiles are 1061 

given in Fig. 1c. Seismic data courtesy of TGS. 1062 
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