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Regional Early Cretaceous uplift of the northern Barents Sea associated with the High Arctic Large Igneous Province (HALIP) caused the 
development of the fluvial to open-marine depositional system, terminating in the southwestern Barents Sea. This study has established a new 
temporal and spatial evolution of the Lower Cretaceous deposits in the Hoop area, in particular the location and age of the intrashelf platform 
lobe front and subsequent block-faulting. A composite high-resolution 3D and 2.5D P-Cable and conventional 3D seismic dataset image the 
strata and cross-cutting faults in the Hoop area. The P-Cable data typically have a resolution of 3–7 m in the shallow subsurface, up to four times 
better than the conventional seismic data, contributing to a new and better mapping hence understanding of the Lower Cretaceous strata and 
faults. Seismic horizon and facies mapping reveal large-scale clinoforms, with present-day heights of 150–200 m and dips of 0.65–1.13°. The high-
resolution data furthermore display complex stratigraphic and structural features, such as small-scale clinoforms and numerous faults. The shelf 
platform succession is block-faulted, and the main Early Cretaceous fault activity thus postdates the arrival of the delta and platform sediments 
from the northwest. Detailed seismo-stratigraphic ties to the 7324/2–1 (Apollo) and 7325/1–1 (Atlantis) wells, and ties to the adjacent Fingerdjupet 
Subbasin, document a Barremian age for the shelf platform deposits and an Aptian?–early Albian age for the main faulting event. The faulting was 
likely initiated in the Aptian, but a hiatus or condensed section above the Barremian strata makes it difficult to constrain the onset of deformation 
in the Hoop area. 
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Introduction

Controlling factors of clastic infill of epicontinental 
basins and shelves are diverse and complex. They 
include pre- and syn-depositional tectonics, climate and 
sealevel variation as factors in control of basin geometry, 
provenance areas and sediment routing, accommodation, 
water depth and seafloor topography, as well as sediment 
influx, grain size and energy systems in time and space 
(rivers, waves, tides and gravity) (Johnson & Baldwin, 
1996). Large river and deltaic systems are first-order 
sensitive recorders of these factors, as reflected in 
high-resolution seismic data, in particular clinoform 
geometries of intrashelf platform lobes (Cattaneo et 
al., 2003; Liu et al., 2004; Yang & Liu, 2007; Mountain & 
Proust, 2010; Li et al., 2014; Maselli et al., 2014; Pellegrini 
et al., 2015; Patruno & Helland-Hansen, 2018).

A regional understanding of the Early Cretaceous 
Barents Sea geological history and resultant stratigraphy 
is crucial in order to explain the deposition and timing 
of the Lower Cretaceous succession both on Svalbard 
(proximal) and in the southwestern Barents Sea (distal). 
The Barents Sea has a long history as one of world’s 
largest epicontinental seas (Worsley, 2008; Smelror 
et al., 2009). Since Mesozoic times, the Barents Sea, 

being a part of the polar basin, has been dominated by 
siliciclastic sedimentation with sediment influx from 
the south, southeast, east and northwest, commonly as 
large fluvial to deltaic systems and their distal-marine 
contemporaneous environments (e.g., Worsley, 2008; 
Glørstad-Clark et al., 2010; Grundvåg et al., 2017; 
Klausen et al., 2014, 2019; Midtkandal et al., 2019a).

One of the largest depositional systems was established 
during the Early Cretaceous by a fluvial to open-marine 
system that prograded southeastwards from a source 
area northwest of Svalbard into the epicontinental sea 
located in the present-day southwestern Barents Sea 
(Midtkandal & Nystuen, 2009; Grundvåg et al., 2017; 
Midtkandal et al., 2019a). The northern source area 
was uplifted in association with the early development 
and doming of the High Arctic Large Igneous Province 
(HALIP; Maher, 2001; Senger et al., 2014; Polteau et al., 
2016; Midtkandal et al., 2019a) causing a large-scale N–S 
tilt and basin deepening towards the southeast, and the 
Barremian fluvial to marine sedimentation (Fig. 1). 

The study area, informally termed ¨the Hoop area¨, is 
centred around the Hoop Fault Complex (Gabrielsen 
et al., 1990), which places it within the Bjarmeland 
Platform east of the neighbouring Fingerdjupet Subbasin 
and northeast of the Loppa High and Maud Basin (Fig. 
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Figure 1. (A) Location of the study area (white box) in the Hoop area with reference to Svalbard and the Norwegian mainland on a bathymetry 
map based on Jakobsson et al. (2012). Structural elements are modified from Faleide et al. (2015). (B) Seismic data coverage and wells within 
the study area with the main faults marked. Abbreviations: BB – Bjørnøya Basin, FSB – Fingerdjupet Subbasin, GH – Gardarbanken High, 
HfB – Hammerfest Basin, LH – Loppa High, MB – Maud Basin, NB – Nordkapp Basin, OB – Ottar Basin, SH – Stappen High, TB – Tromsø 
Basin, VVP – Vestbakken Volcanic Province.
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basinal development, while the Klippfisk Formation 
was deposited in platform areas and at local structural 
highs (Smelror et al., 1998; Mørk et al., 1999; Bugge et 
al., 2002), or in distal shelf areas devoid of siliciclastic 
input (Midtkandal et al., 2019a). The Knurr Formation 
consists of claystone and thin limestone/dolomite 
interbeds in addition to a thin sandstone in the lower 
part (Smelror et al., 1998; NPD, 2017). The Klippfisk 
Formation represents a condensed interval dominated 
by limestones which grade into marls and calcareous 
claystones laterally towards deeper parts of the shelf 
(Smelror et al., 1998). The Barremian–Aptian Kolje 
Formation is dominated by mudstones, with minor 
limestone and dolomite beds, along with thin interbeds 
of siltstone and sandstone in the upper part (Worsley 
et al., 1988). It was deposited in a distal open-marine 
environment. The base of Kolje Formation is described 
as a regional unconformity of Barremian age, termed the 
Lower Cretaceous Unconformity (LCU) in Midtkandal 
et al. (2019a). The Kolmule Formation, of Albian–
Cenomanian age, consists mainly of claystone and shale 
deposited in a shallow-marine environment, influenced 
by changes in sea level and sediment supply (Smelror 
et al., 2009). In the Hoop area, the Kolmule Formation 
is bounded at the top by a regional unconformity (Fig. 
2B) associated with Cenozoic uplift and erosion causing 
removal of 2200–2400 m of Cretaceous–Paleogene strata 
(Henriksen et al., 2011; Baig et al., 2016).

On Svalbard, the Cretaceous part of the Adventdalen 
Group contains, from oldest to youngest, the Rurikfjellet, 
Helvetiafjellet and Carolinefjellet formations (Fig. 2B; 
Dallmann, 1999, 2015; Grundvåg et al., 2019). The 
Rurikfjellet Formation is laterally equivalent to the Knurr 
and Klippfisk formations in the Barents Sea (Fig. 2B), 
deposited in Valanginian to Hauterivian time (Dypvik et 
al., 2002; Jelby et al., 2018). The Helvetiafjellet Formation 
rests unconformably on the Rurikfjellet Formation, 
and consists of a lower sandstone- and conglomerate-
dominated fluvial unit, followed by an upper heterolithic 
unit of alternating sandstone, carbonaceous shale and 
thin coal, deposited in a marginal marine environment 
in early Barremian–early Aptian time (Parker, 1967; 
Nemec, 1992; Gjelberg & Steel, 1995; Midtkandal et al., 
2007; Midtkandal & Nystuen, 2009). During the Aptian–
Albian, the Carolinefjellet Formation was deposited on 
a distally deepening, open-marine, storm-dominated 
shelf and consists of alternating sandstone and shale 
(Dallmann, 2015; Hurum et al., 2016; Grundvåg & 
Olaussen, 2017). The lower part, together with the 
Helvetiafjellet Formation, is laterally equivalent to the 
Kolje Formation in the Barents Sea, while the rest of the 
Carolinefjellet Formation correlates with the Kolmule 
Formation (Fig. 2B; Antonsen et al., 1991; Grundvåg et 
al., 2017; Midtkandal et al., 2019a).

There are two main Lower Cretaceous depositional lobe 
systems in the Barents Sea with different source areas; 
one from the northwest (focus for this study) and one 

1A). The area is defined by its oppositely verging N–S-
trending faults. 

In the Hoop area, the Barremian sedimentary 
succession is imaged as a ~200 ms  package composed 
of SE-prograding clinothems in seismic profiles, and 
is considered to represent an intrashelf siliciclastic 
platform that developed as the most distal component 
of the aforementioned sedimentary transport system. 
This sediment wedge, termed depositional lobe NW2, in 
accordance with Midtkandal et al. (2019a, b), is the main 
study object. The stratigraphy below and above this unit 
is included to provide a regional context for the basin 
succession and basin development. 

This study complements the work presented in 
Midtkandal et al. (2019a, b), with emphasis on detailed 
observations made possible by the high-resolution 
P-Cable and conventional 3D seismic data. It addresses 
the main characteristics of the depositional platform 
lobe system such as clinoform geometries, terminations, 
progradation direction and timing, based on integrated 
analysis of seismic and well data. With the high-
resolution data, otherwise unresolved stratigraphic and 
structural architectures are imaged and add details to the 
geological development. The results are correlated to the 
Lower Cretaceous sedimentary succession on Svalbard, 
which was part of the same regional depositional system 
(Fig. 2A), but separated by a ~300 km-broad erosional 
gap due to Cenozoic uplift and erosion (Midtkandal 
et al., 2007, 2014, 2019a; Midtkandal & Nystuen, 2009; 
Grundvåg et al., 2017). Another key objective relates to 
the timing and regional implications of Early Cretaceous 
faulting within the Hoop area compared to the adjacent 
Fingerdjupet Subbasin (Serck et al., 2017). Utilising the 
high-resolution seismic data we also address the nature 
of the lowermost Cretaceous downlap surface of the 
intrashelf platform lobe (LCU; Midtkandal et al., 2019a, 
b) and its relationship to the underlying so-called Base 
Cretaceous Unconformity (BCU). Finally, the results are 
considered in the light of recent works (e.g., Grundvåg 
et al., 2017; Marín et al., 2017; Serck et al., 2017; 
Midtkandal et al., 2019a, b) focusing on similarities and 
differences in their views on the temporal and spatial 
evolution of the NW-sourced intrashelf platform lobe 
system.

Geological framework

The Lower Cretaceous succession in the Barents Sea 
belongs to the Adventdalen Group (Parker, 1967; Mørk 
et al., 1999, references therein), and is subdivided into 
the Knurr, Klippfisk, Kolje and Kolmule formations (Fig. 
2B). The Knurr and Klippfisk formations developed 
concurrently during the Berriasian to early Barremian 
(Worsley et al., 1988). The Knurr Formation represents 
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from the northeast (Grundvåg et al., 2017; Marín et 
al., 2017; Midtkandal et al., 2019a). In accordance with 
Midtkandal et al. (2019a), the NW-sourced system is 
divided into lobes NW1 and NW2, labelled according 
to descending relative ages meaning NW1 is oldest 
(evidence shown in this study). The NE-sourced lobes 
are labelled NE1–NE5, from youngest to oldest. 

Data and methods

Database

The seismic data utilised in this study comprise wide 
azimuth 2D (2.5D) and 3D high-resolution P-Cable 
and 3D conventional seismic data covering parts of the 
Hoop area including the central distal parts of lobe NW2 
(Figs. 1B & 2A). The main conventional seismic dataset 
(4392 km2) is a part of the Hoop Fault Complex 3D 
cube with bin size 18.75 X 12.5 m (Fig. 1B). Two narrow 
3D high-resolution P-Cable seismic cubes (Area C: 14 
km2 and Area D: 12 km2) with bin size 6.25 X 6.25 m, 
and selected 2.5D P-Cable lines with trace spacing 12.5 
m are also included in the database. In addition, a set 
of 2D conventional seismic lines were used to establish 
ties to the adjacent Fingerdjupet Subbasin (Serck et al., 
2017). The P-Cable data have a very high near-offset 
trace density, 3–6 m native bin size, and a uniform 
trace distribution in both the inline and the crossline 
directions, compared with conventional 3D seismic with 
typical bin size 12–50 m and down to 6.25 m in inline 
direction (Planke et al., 2004, 2009; Planke & Berndt, 

2007; Lebedeva-Ivanova et al., 2018). The high spatial 
and temporal resolution of the data makes it possible 
to clearly image numerous sub-horizontal and dipping 
reflections not detectable in conventional 2D or 3D data. 

The power spectrum (Electronic Supplement 1) shows 
that the conventional seismic data have dominant 
frequencies between 20 and 60 Hz, while the P-Cable 
data have frequencies up to at least 200 Hz at the -20 dB 
level. The power spectrum represents the waves that were 
extracted from the seismic data used in the 1D synthetic 
seismic modelling (see synthetic seismic traces in Fig. 
3). The different frequencies have considerable impact 
on the seismic resolution. Since the high-resolution 
P-Cable data have a significantly higher frequency range, 
hence shorter wavelengths, they have higher resolution 
than conventional seismic data. Thus, the conventional 
seismic data typically have a vertical resolution, 
corresponding to a quarter of the wavelength (Yilmaz, 
2001; Herron, 2011), of 15–25 m, while the P-Cable 
seismic data have a vertical resolution in the range of 
3–7 m (Table in Electronic Supplement 1) in the shallow 
subsurface. This difference in seismic resolution is clearly 
visible in Fig. 3 showing a tie between the two seismic 
data types at well 7324/2–1 (Apollo; Fig. 1B). The well 
data and the synthetic traces, created from petrophysical 
parameters (sonic and density) and waves extracted from 
the seismic, correspond well with the recorded seismic 
responses (Fig. 3). 

Well data, including geophysical logs and age control 
based on biostratigraphic information (A. Ryseth, pers. 
comm., 2017), were obtained from two exploration wells 
located 15 km apart within the main study area (Apollo: 
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Five horizons were mapped out in the seismic data based 
on the seismic-to-well tie (Fig. 3). The mapping of the 
reflections corresponding to the formation boundaries 
was first done on composite lines between the Apollo 
and Atlantis wells. All 2.5D P-Cable lines in the main 
study area were mapped out and ties were established to 
the two 3D P-Cable cubes (Fig. 1B). For the conventional 
seismic 3D cube, every 10th inline and 50th crossline 
were interpreted with 2D and manual interpretation tools 
before applying 3D auto-tracking. Time-structure maps 
of the seismic horizons and thickness maps for selected 
units were made from the conventional 3D data, which 
cover the main study area, due to the narrow extent of 
the 3D P-Cable cubes. Vertical and horizontal sections in 
the conventional and high-resolution seismic data were 
used for displaying important geological features (e.g., 
clinoforms and faults). 

To restore the clinoform architectures, flattening was 
performed on the downlap surface at the base of the 
prograding unit, on the assumption that this surface 
was relatively flat at the arrival time of the NW-sourced 
intrashelf platform lobes (Midtkandal & Nystuen, 2009). 
Flattening on other surfaces was also performed to 
study thickness variations and geometries in relation to 
faulting, but the faulting and erosion of younger strata 
makes uniform flattening on a presumed horizontal 
surface above the studied strata impossible. Finally, the 
amount of Early Cretaceous extension was estimated by 
calculating the cumulative heave of the mapped faults 
along a regional seismic line going from the Fingerdjupet 
Subbasin to the Hoop area. The horizontal displacement 

7324/2–1; Atlantis: 7325/1–1; Fig. 1B). In addition, 
information from the shallow IKU corehole 7425/9–
U–1 (Fig. 1B) penetrating the Klippfisk Formation was 
used (Århus et al., 1990; Århus, 1991; Smelror et al., 
1998). Ties were also established to wells in the adjacent 
Fingerdjupet Subbasin, in particular to well 7321/7–1 
(Serck et al., 2017). Gamma logs from two additional 
recent wells (7324/3–1 and 7325/4–1; Fig. 1B) were also 
included for correlations and lithology determination. 
The 7324/3–1 well is the first well to penetrate the NW2 
lobe.

Methods

The formation boundaries were determined in the 
Apollo and Atlantis wells based on typical log responses 
from the type and reference well of the lithostratigraphic 
units (NPD, 2017). Well log data such as gamma ray, sonic 
(both P- and S-waves), neutron, density, and photoelectric 
factor (PEF) were used for lithology determination and 
seismic-to-well ties. The synthetic traces in Fig. 3 were 
produced by 1D seismic modelling based on a reflectivity 
log convolved with the wavelets that were extracted 
from the two types of seismic data. The reflectivity log 
is generated from reflection coefficients, which are 
calculated based on the sonic and density logs. For 
missing intervals, a pseudo-density log was estimated 
based on the sonic velocity log. Comparing the synthetic 
trace with the real seismic at the well location improves 
the horizon picking and the correctness and resolution of 
formations of interest (Mondol, 2015). 
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 on each shallow fault, which is well imaged by the seismic 
data, was added together to obtain an extension estimate. 
This approach provides a good approximation for the 
true extension across the area (Sclater & Celerier, 1989). 

Results

Seismic stratigraphy and well ties

The seismic stratigraphic framework of this study is 
summarised in Figure 4 for both the high-resolution 
and the conventional seismic data at the Apollo well. 
The seismic panels within the 740–830 ms interval 
clearly demonstrate the different vertical resolutions of 
the two seismic data types. In the high-resolution data 
about 17 reflections can be identified within this interval, 

in contrast to the 7 reflections in the conventional 
seismic data. The high-resolution P-Cable data thus 
add important details to our understanding of the 
Lower Cretaceous depositional architectures and basin 
evolution.

The Lower Cretaceous Knurr, Kolje and Kolmule 
formations are bounded by four main horizons; H1, H2, 
H3 and URU in successive order (Fig. 4). H1 represents 
the boundary between the Knurr and Hekkingen 
formations at the Jurassic–Cretaceous transition. H2 is 
located near Base Kolje, hence the horizon corresponds 
to the Hauterivian–Barremian boundary termed the 
Lower Cretaceous Unconformity (LCU) by Midtkandal 
et al. (2019a). This horizon will be referred to as LCU 
throughout the paper. The LCU is commonly termed 
Base Cretaceous Unconformity (BCU) in regional 
mapping of the southwestern Barents Sea platform areas 
in conventional seismic data. The true Base Cretaceous 

Figure 4. Seismic stratigraphic framework for both P-Cable and conventional seismic data tied to 7324/2–1 (Apollo). The traced reflections in this 
study are correlated between the seismic panels and the chronostratigraphy, and set the boundaries for the Knurr, Kolje and Kolmule formations. The 
Kolmule is furthermore divided into two seismic units by the seismic reflection H4 in the high-resolution data. A hiatus in Aptian is marked in the well. 
Chronostratigraphic ages from Cohen et al. (2013), in addition to Midtkandal et al. (2016) for the Barremian–Aptian boundary. Note the different 
resolutions of the two seismic datasets. Abbreviations: URU – Upper Regional Unconformity, Fm – Formation, LCU – Lower Cretaceous Unconformity, 
UJ – Upper Jurassic. Seismic data courtesy of TGS, WGPS and VBPR.

LCU
(H2)

H3

H1

URU

Seismic stratigraphy, 7324/2-1 Apollo well

P-CableConventional

Seabed

1 km 1 kmms

600

700

800

H4

Aptian

Barremian

Hauterivian

Valanginian

Berriasian

Volgian

Chronostratigraphy

Quaternary
Ko

lm
ul

e 
Fm

Ko
lje

 F
m

Kn
ur

r F
m

Albian

Lo
w

er
 C

re
ta

ce
ou

s

Ma

~122.0

~113.0

100.5

~129.4

~132.9

~139.8

~145.0

~152.1

Fm

U
J



NORWEGIAN JOURNAL OF GEOLOGY� Characterisation and development of Early Cretaceous shelf platform deposition and faulting in the Hoop area 7

(BC) is located below the Knurr unit at the transition 
to the Hekkingen Formation (H1). The closely spaced 
Hauterivian–Barremian boundary (H2/LCU) and 
Jurassic–Cretaceous boundary (H1/BC) is not possible 
to separate in conventional seismic data. In the high-
resolution data, on the other hand, the about 30 m-thick 
condensed Knurr Formation consists of 5–6 reflections 
and can be interpreted as a separate seismic unit with 
varying lithology (Fig. 4).

H3 is located at the base of the Kolmule Formation. In 
the Apollo well it represents a hiatus since no sediments 
of Aptian age are reported (A. Ryseth, pers. comm., 
2017). Therefore, a Barremian age for the present Kolje 
Formation and an Albian age for the lower Kolmule 
Formation could be determined in the well. The Kolmule 
Formation is divided into two distinct units by H4 in 
the high-resolution data. A lower part with several, 
strong, continuous seismic reflections and an upper 
more transparent part (Figs. 3 & 4). The top of the Lower 
Cretaceous strata (Kolmule Formation) is called the 
Upper Regional Unconformity (URU) and represents 
a large hiatus at the base of a thin cover of Quaternary 
deposits. 

The seismic horizons are continuous and easy to trace 
between the Apollo and Atlantis wells in the composite 
2.5D P-Cable line in Fig. 5, and throughout most of the 
study area. In some parts, H3 is difficult to trace. The 
H1-LCU interval has a very consistent reflection pattern 
along the line and shows a minor thickness increase 
from the Apollo to the Atlantis well (Fig. 5). The LCU-
H3 sequence, corresponding to the Kolje Formation, 
also increases in thickness from the Apollo to the 
Atlantis well, while the H3–H4 interval thickens in the 
opposite direction. Reflection terminations show that 
H3 represents an unconformity (Fig. 5), likely associated 
with the Aptian hiatus reported in the Apollo well. 

The brief lithology determination done in this study 
based on well log data (Electronic Supplement 2) 
indicates mostly fine-grained sediments within the 
Lower Cretaceous succession. A generally medium-high 
gamma-ray response, positive separation in neutron-
density log and medium PEF-values are documented, 
all indicative of fine-grained sediments. In contrast, the 
Jurassic Stø Formation sandstones are characterised by 
a low gamma-ray response and a negative separation in 
the neutron-density log. An intra-Knurr layer (marked 
by an arrow in Electronic Supplement 2) has a distinct 
low gamma-ray and high-velocity response indicating 
more coarse-grained sediments. The high-velocity intra-
Knurr layer has a higher PEF response, about 5 barns/
electron, and together with the density value of ~2.7 g/
cm3 it may represent a limestone. The mean PEF, density 
and neutron values for the Kolje Formation in the Apollo 
well were plotted into a diagram for typical log responses 
of various lithologies by Mondol (2015), where they all 
fall within the shale interval. Fi
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The gamma-ray log in Apollo well (7324/2–1) is 
correlated to the two recent (and not yet released) wells 
7324/3–1 and 7325/4–1 (Fig. 6; see Fig. 1 for locations). 
Both wells have lower gamma-ray values for the Kolje 
Formation than in the Apollo well, indicating coarser 
lithologies but still rather fine-grained. Well 7324/3–1 
is the first one drilled through lobe NW2 in the Hoop 
area and it shows that the distal part of the NW2 lobe 
is characterised by a gamma-ray response of ~75 gAPI 
reflecting a shaly sand to sandy shale lithology.

Barremian intrashelf platform lobes

The Barremian intrashelf platform deposits, divided 
into lobe NW1 and NW2 by Midtkandal et al. (2019a), 
are imaged in the high-resolution (Fig. 5; Electronic 
Supplement 3) and conventional seismic data (Figs. 6 & 
7). In the high-resolution seismic profile in Electronic 
Supplement 3, lobe NW2 is seen to onlap lobe NW1, 
revealing that NW1 developed earlier than lobe NW2. 
Lobe NW2 prograded towards SE–SSE and terminated 
before reaching the Atlantis and Apollo wells (Figs. 5, 6 & 
7). The prograding unit is offset by younger faulting (e.g., 
Figs. 5, 6 & 7) so to restore this unit with its characteristic 
clinoforms restoration by flattening the downlap surface, 
LCU, is necessary. The flattening removes the effects 
of younger faulting, making it possible to study the 
clinoform geometries in greater detail (Figs. 6, 7 & 8).

The N–S seismic line of the regional combined 2.5D 
high-resolution profile in Figure 5, north of Atlantis 
well, is flattened on LCU in Figure 8A and compared 
to a similar flattened profile extracted from the 3D 
conventional seismic data (Fig. 8C). In addition, the 
main clinoform surfaces of lobe NW2 are depicted in 
line drawings for each dataset (Fig. 8B, D). The high-
resolution data reveal that the lobe NW2 clinothems 
comprise clinoforms at two scales, unlike in the 
conventional seismic data where only the large-scale 
clinoforms are imaged (Fig. 8). Internally, lobe NW2 
consists of a series of well-defined clinothems bounded 
by moderately steep clinoforms that downlap onto, or 
near, the LCU reflection above the Knurr/Klippfisk 
formations. The clinothems exhibit a well-developed 
topset-foreset-bottomset style. 

The large-scale clinoforms are the most readily 
recognised reflection pattern within lobe NW2 
and are well expressed on the conventional seismic 
sections (Figs. 6, 7 & 8C, D), as applied by Dimitriou 
(2014), Marín et al. (2017), Grundvåg et al. (2017) and 
Midtkandal et al. (2019a). The topset-foreset-bottomset 
pattern spans the entire thickness of lobe NW2 (~150–
200 ms; Figs. 6, 7 & 8). Using an average seismic velocity 
of ~2900 m/s as found for the Kolje Formation in the 
Apollo and Atlantis wells, the present-day observed 
thickness of lobe NW2 is up to 300 m. Based on depth-

converted heights of the large-scale clinoforms in Figure 
8, the average foreset dip basinward has been estimated 
to ~1.85°, but typical dip angles range between about 
1.3° and 2.4°. In a complementary study, Midtkandal 
et al. (2019b) present and discuss detailed clinoform/
clinothem geometries of lobe NW2 where estimated dips 
and heights are corrected for compaction and isostatic 
effects during burial. The effects of more than 2000 m 
of Cenozoic erosion are also taken into account. The 
large-scale clinothem topsets commonly merge into 
indistinguishable reflections towards the northwestern 
part of the study area. Similarly, the bottomsets merge 
into subparallel to parallel reflections near their distal 
terminations toward southeast giving the appearance of 
downlap onto the LCU or a stratigraphic level closely 
above it. 

The small-scale clinoforms are imaged intermittently 
between the aforementioned large-scale clinoforms. 
They form sets of steeply dipping reflections that are 
contained as fully or partially developed, topset-foreset-
bottomset clinoforms (blue in Fig. 8). These successions 
of small-scale clinothems make up the interiors of the 
larger-scale clinothems described above. These sigmoidal 
and parallel oblique clinoforms, which likely reflect some 
lateral lithology variations, are largely unresolvable in 
conventional seismic sections, but are clearly visible 
in high-resolution seismic (Fig. 8). The small-scale 
clinoforms are markedly steeper than the large-scale 
clinoforms, with dips in the range from 4.4 to >10° and 
typical heights of about 100 m (Midtkandal et al., 2019b).

The front of the intrashelf platform lobe NW2 was 
mapped in detail using both the conventional and the 
high-resolution seismic data. First, the conventional 
seismic data were screened in order to map the pinch-
outs of the prograding system. Second, the mapping 
was fine-tuned in areas with high-resolution data where 
the front can be mapped out more accurately due to 
higher resolution (selected profiles in Figs. 5 & 8). In 
front of lobe NW2, a significant brightening in the 
seismic is observed in both the high-resolution (Figs. 5 
& 8) and the conventional (Figs. 6, 7 & 8) seismic data. 
The brightening, termed Ceres in Corseri et al. (2018), 
is also associated with a strong resistive anomaly from 
3D inversion of CSEM data (Baltar & Barker, 2017). It 
is interpreted as an Aptian submarine channel system 
developed in front of lobe NW2 by Corseri et al. (2018). 

The NW2 lobe termination line is marked in Figure 9 on 
top of the H1 time-structure map and on the thickness 
map of the sequence H1–H3, corresponding to the 
condensed Knurr Formation and the Kolje Formation in 
the 3D conventional seismic data. The H1 time-structure 
map shows the main structural elements within the 
study area, with characteristic fault patterns that will be 
described and discussed below. The time-slices taken 
within the clinoform interval, in Area C (775 ms) and 
Area D (720 ms), provide information on the clinoform 
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orientation in lobe NW2 (Fig. 9). This reveals a SSE-
directed progradation (black arrows). 

The Barremian strata thin significantly toward southeast 
(Fig. 9), which reflects the prograding lobe system that 
came in from the north–northwest and terminated 
before reaching the Apollo and Atlantis well locations. 
The map shows some line effects in the northwestern 
part which are related to uncertain correlations across 
faults and chaotic reflections. In the northwesternmost 
part of the area, H3 is eroded by URU (Fig. 9). Here, the 
seismic sequence corresponding to the Kolje Formation 
is at least 300–350 m thick, including both the NW2 
lobe and the overlying horizontally layered part of the 
formation. It gradually thins distally towards the lobe 
front and the position of the Apollo and Atlantis wells 
(Figs. 6, 7 & 8). 

The LCU-H3 seismic sequence, corresponding to the 
Kolje Formation, commonly comprises two characteristic 
units, a lower part with clinoforms (lobe NW2) and an 
upper part with nearly parallel reflections, separated by 
a strong reflection (Top progradation in Fig. 7). This 
topset reflection is largely parallel to the LCU horizon 
used for flattening, which supports our assumption that 
the regional downlap surface was relatively flat. The same 
two-fold division of the Kolje Formation is observed 
in the Fingerdjupet Subbasin (Serck et al., 2017) where 
the formation is much thicker compared to the Hoop 
area (Fig. 10). Wells in the Fingerdjupet Subbasin (e.g., 
7321/7–1) confirm the Barremian age of the Kolje 
Formation including the prograding unit that is part of 
the NW2 lobe. 

Figure 9. Time-slices of 3D P-Cable data in Area C (left) and Area D (right) with location on the H1 surface and the thickness map of seismic sequence 
corresponding to the Kolje Formation and the condensed Knurr Formation (H1–H3). The 775 ms (Area C) and 720 ms (Area D) time-slices are 
taken within the clinoform interval, while 844 ms and 760 ms are time-slices representing areas highly affected by faults. The strike trend (dashed 
blue line) and dip direction (blue arrow) of the clinoforms were identified by the time-slices. The dashed black line marks the front of the prograding 
shelf platform system in the study area. The red fault symbols represent the faults in the area and the black arrows illustrate the overall direction of 
progradation. Seismic data courtesy of TGS, VBPR and WGPS.
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Early Cretaceous faulting

The most prominent structural feature in the Hoop 
area is a NE–SW- to N–S-trending segmented graben 
system revealed on the H1 time-structure map (Fig. 9). In 
addition, the area is cross-cut by a set of E–W-trending 
faults (Collanega et al., 2017). 

The main phase of Early Cretaceous faulting postdates 
the arrival of the Barremian NW-sourced lobe. 
Therefore, the effects of these faults have to be removed 
to restore the clinoform geometries as presented above. 
Both the high-resolution seismic data (Fig. 11) and the 
conventional seismic (Fig. 6, Electronic Supplement 4) 
show growth sequences within the graben structural 
elements above the seismic unit corresponding to lobe 
NW2 within the Kolje Formation. The three, high-
resolution, seismic profiles in Figure 11 illustrate 
along-strike variations in the rift architecture of the 
main graben system. The southern profile across the 
NW–SE-trending graben segment (Fig. 11C) shows a 
half-graben geometry with the main boundary fault on 
the southeastern side. The northern profile (Fig. 11A) 
crosses a N–S-trending half-graben structure with the 
main boundary fault on the western side. The central 
profile (Fig. 11B) reveals a more symmetric graben 
structure close to the intersection between the NE–
SW- and N–S-trending graben segments. Note that the 
eastern boundary fault is located outside the coverage 
of the 3D seismic data in the central profile. The main 
boundary faults typically have throws of 200–250 ms, 
corresponding to 290–360 m.

Detailed interpretations and ties to the nearby wells 
indicate an Aptian?–mid Albian age of the main phase 
of faulting (e.g., Figs. 6, 10 & 11). Faulting was likely 
initiated in the Aptian but the hiatus/condensed section 
makes it difficult to constrain the exact onset of faulting 
in the Hoop area. The faults appear to terminate within 
the middle-upper Kolmule Formation but it is difficult 
to map out this in detail because of the transparent 
character of this interval, in addition to the younger 
(Cenozoic) erosion associated with the Upper Regional 
Unconformity (URU). A more complete Lower 
Cretaceous stratigraphy is preserved in the neighbouring 
Fingerdjupet Subbasin, with evidence of a more intense 
phase of faulting that can be dated to mainly Aptian age, 
with some fault activity extending into the Albian (Fig. 
10; Serck et al., 2017). 

The high-resolution data also reveal a phase of minor 
faulting and growth during deposition of the Knurr 
Formation in the Berriasian–Hauterivian (Fig. 11). 
This growth is largest within the main graben segment 
associated with the Hoop Fault Complex. Here, the 
Knurr Formation attains a thickness of up to 65 m which 
is twice its thickness in the Apollo and Atlantis wells (e.g., 
Figs. 4, 5 & 11). 

The E–W faults seen in the time-structure map in Figure 
9 appear to have initiated prior to the Cretaceous but 
they also have some impact on the Lower Cretaceous 
units. This is reflected in the fault throw, largest in the 
Jurassic and decreasing towards the Cretaceous. The 
fault orientation can also be studied by looking at time-
slices. Time-slices taken around the H1-LCU sequence 
highlight the faulting in the area (Fig. 9), deepest in Area 
C (844 ms) compared to Area D (760 ms), and document 
a dominating E–W trend. The magnitude of Early 
Cretaceous extension across the Fingerdjupet–Hoop area 
has been estimated to 9–10 km based on the cumulative 
heave measured along the regional profile in Figure 10. 
Regional implications of this extension will be discussed 
below.

Discussion

Base Cretaceous, Lower Cretaceous Unconformity 
and the lowermost Cretaceous Knurr Formation

The detailed work on the well data shows that the 
Knurr Formation is not only associated with acoustic 
impedance contrasts at its top and base, but also that 
within this thin condensed unit there are significant 
variations in seismic response (Figs. 3 & 4). The high-
resolution seismic data detect and resolve many of these, 
whereas in the conventional seismic data the entire 
Knurr Formation corresponds to a composite peak and 
trough (Figs. 3 & 4). The resolution limitations in the 
conventional seismic data therefore make it difficult 
to determine the exact pick for a Base Cretaceous (BC) 
interface. For the same reason, Marín et al. (2017) and 
Grundvåg et al. (2017) were not able to distinguish 
between their S0 and S1 sequences, corresponding to the 
Knurr Formation, in the Hoop area. The high-resolution 
seismic data also record small, fault-related, thickness 
variations within the Knurr Formation (Fig. 11). Minor 
faulting during deposition of the Knurr Formation is 
also observed within the Fingerdjupet Subbasin (Fig. 10; 
Serck et al., 2017). The same interval corresponds to the 
thin limestone unit defined as the Klippfisk Formation 
on the Bjarmeland Platform (Smelror et al., 1998). The 
limestone was penetrated by the shallow IKU corehole 
7425/9–U–1 located close to the northernmost part of 
the study area (Fig. 1B), so the transition between the 
Knurr and Klippfisk formations occurs within the study 
area. 

The LCU formed the downlap surface of the intrashelf 
platform lobes prograding from the northwest. To 
understand the Early Cretaceous subsidence history 
of the Hoop and surrounding platform areas it is 
important to estimate the water depths in which the 
Knurr and Klippfisk formations were deposited. Were 
they deposited under considerable water depths but 
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became condensed due to lack of clastic input or were 
they, in particular the limestones of the Klippfisk 
Formation, deposited in shallow waters? The latter 
would imply rapid subsidence at the Hauterivian–
Barremian transition to create the water depths inferred 
from the intrashelf platform clinoform geometries. 
Typical clinoform heights were restored to 250–300 m by 
Midtkandal et al. (2019b). In addition, we have to take 
into account the water depths on the shallow platform 
at the top of the intrashelf clinoforms. Thus, the depths 
down to the deep basin floor on the shelf may have been 
up to 400–500 m. The minor faulting observed within 
the Knurr Formation along the Hoop Fault Complex 
(Fig. 11) and in the Fingerdjupet Subbasin (Fig. 10; Serck 
et al., 2017) may have contributed to the subsidence. 

Barremian intrashelf platform lobes 

The NW-sourced intrashelf platform lobe system 
prograded into the Hoop area in Barremian time, 
and developed into lobe NW1 followed by lobe NW2 
(Fig. 11). The high-resolution data are crucial for 
determination of the relative depositional timing 
between NW1 and NW2 (Electronic Supplement 3). 

There are different interpretations on relative age, 
position and orientation of the prograding, SE-directed, 
fluvial to open-marine depositional system between 
Dimitriou (2014), Marín et al. (2017), Grundvåg et 
al. (2017) and Midtkandal et al. (2019a). This study 
supports and adds information to the work done by 
Midtkandal et al. (2019a) which was initially based on 
the mapping by Dimitriou (2014). The conventional 3D 
data, and particularly the high-resolution seismic data, 
show that the prograding unit coming in from northwest 
terminated a few kilometres before reaching the Apollo 
and Atlantis well locations (Figs. 6, 7 & 8). Marín et al. 
(2017) identified the same progradational front and 
called it sequence S3. Grundvåg et al. (2017) mapped 
out their S3 to extend beyond the Apollo well but 
terminating before the Atlantis well. They also showed a 
sequence S1 that terminates at the location of our lobe 
NW2 front west of the Apollo well.

The age of the NW-sourced intrashelf platform lobe 
front is Barremian, based on seismic-to-well ties in the 
Fingerdjupet Subbasin (Fig. 10; Serck et al., 2017) and 
further supported by biostratigraphic information in 
the Apollo well (Fig. 4). This is in contrast to Marín et 
al. (2017) and Grundvåg et al. (2017) who proposed an 
Aptian or Albian age for their sequence S3 in the Hoop 
area by correlating it with lower parts of the Kolmule 
Formation. On the other hand, an Aptian-Albian 
age is likely for their S3 on the central Bjarmeland 
Platform where it is part of the intrashelf platform 
depositional system that prograded from northeast 
towards southwest. Here, their sequence S3 corresponds 
to lobe NE3 of Midtkandal et al. (2019a). However, the 

NW-sourced intrashelf platform lobe system is older. 
It arrived and terminated within the Hoop area in the 
Barremian prior to the Aptian–Albian faulting (Figs. 6, 7, 
8, 9 & 12A). In the Barremian, the NE-sourced sediment 
lobe system had not yet reached the Hoop area (Fig. 12A; 
Midtkandal et al., 2019a).

The unreleased gamma-ray log made available to our 
study indicates a coarser lithology in 7324/3–1, but still 
rather fine-grained, within the Kolje Formation than the 
dominantly mudstones penetrated in the adjacent Apollo 
and Atlantis wells (Fig. 6). The steeper oblique clinoforms 
revealed by the high-resolution seismic data (Fig. 8), in 
particular close to the northwestern subcrop limit of lobe 
NW2, may be related to even coarser-grained material. 
In general, the steepest clinothems are expected to have 
the largest potential for coarser-grained strata (Glørstad-
Clark et al., 2011; Patruno et al., 2015). 
 

Aptian–Albian faulting and basin evolution

The main phase of Early Cretaceous faulting in 
the Fingerdjupet–Hoop areas clearly postdates the 
Barremian intrashelf platform lobe system that 
prograded into the area from the northwest. In the 
Fingerdjupet Subbasin the faulting is dated to Aptian–
early Albian, and the resulting depocentre was filled by 
Aptian–Albian sediments onlapping the eastern basin 
flank towards the Hoop area on the NW Bjarmeland 
Platform (Fig. 10; Serck et al., 2017). In the Hoop area it 
is difficult to constrain the timing of onset of this fault 
activity. No Aptian strata have been reported from the 
Apollo well located outside the main graben structures 
in the Hoop area. The main growth sequences within 
the graben fill are of Albian age, but thickening within 
the H3–H4 interval observed in the high-resolution 
data (Fig. 11) indicates that the onset of faulting likely 
occurred in the Aptian as in the adjacent Fingerdjupet 
Subbasin (Serck et al., 2017). 

The widespread Aptian–Albian faulting in the 
Fingerdjupet–Hoop areas, associated with approximately 
10 km of extension across the profile in Figure 10, 
caused subsidence extending northwards in the Barents 
Sea. This rift-related subsidence was superimposed on 
a regional north–south back-tilting associated with 
subsidence of the northern uplifted source area. As a 
consequence of these processes, the NW-sourced shelf 
platform lobes were transgressed and marine conditions 
were established all the way up to Svalbard and adjacent 
areas to the east (Fig. 12B). 
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 Conclusions

This study demonstrates the advantage of high-
resolution seismic data for seismic stratigraphic and fault 
interpretation. With up to four times better resolution, 
integration of the high-resolution data give more 
confidence in the interpretation of conventional seismic 
data. The main findings of this study can be summarised 
as follows:

•	 The main Early Cretaceous fault activity postdates 
the Barremian NW2 lobe. Detailed ties to the Apollo 
and Atlantis wells reveal an Aptian?–early Albian age 
of the main fault event. The onset of the major fault 
activity in the Early Cretaceous is difficult to date in 
the Hoop area because of a hiatus/condensed interval 
here, but correlations to the adjacent Fingerdjupet 
Subbasin support an Aptian age for the main faulting.

•	 The extension and associated faulting, combined 
with a regional north–south back-tilting, contributed 
to regional subsidence followed by flooding and 
transgression of the intrashelf platform lobes towards 
Svalbard where marine conditions dominated in 
Aptian–Albian time. 

•	 Compared to previous studies, we provide a more 
detailed outline and better constraining of the timing 
of the SSE-prograding Barremian intrashelf platform 
lobe system, terminating a few kilometres before 
reaching the Apollo and Atlantis well locations in the 
Hoop area.

•	 Small-scale clinoforms are revealed within the large-
scale clinothems. Different clinoform geometries 
indicate variations in lithology within the study area 
but potential reservoir rocks have yet not been proved 
by exploration wells including the recent 7324/3–1 
which is the first well penetrating the NW2 lobe.

•	 The high-resolution seismic tie-in to well logs 
also reveals a Hauterivian–Barremian age for the 
Lower Cretaceous Unconformity (LCU) where it is 
represented by the base of the Kolje Formation.

•	 The Jurassic–Cretaceous boundary (BC/H1) has 
been accurately defined by correlation of the high-
resolution seismic and well data.

•	 Stratification and local evidence of minor faulting 
within the condensed Knurr Formation, between BC/
H1 and LCU/H2, is resolved in the high-resolution 
seismic data. 
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