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Abstract 

Mud-rich prograding sediment lobes make for most of the Barremian – Albian 

stratigraphic record in the SW Barents Sea. Submarine canyons and channels potentially 

represent key components of sediment transport from shelf to basin floor but geological 

evidences are lacking. We present high-resolution seismic data and scrutinize an elongated, 

~150-km long bright seismic amplitude and resistive anomaly located alongslope of a NW-

sourced Barremian delta in the SW Barents Sea. Seismic interpretation is performed on a 

comprehensive database comprising 3D/2D high-resolution P-Cable and conventional seismic 

data, tied to three exploration wells to provide age-control on key horizons. Our results highlight 

that the elongated geophysical anomaly originates from a soft layer deposited over a harder, 

erosional surface. The erosive morphology displays three narrow, V-shaped incisions to the NE 

of the Hoop area which develop into a single, ~6 km-wide U-shape channel towards the 

transition to the Fingerdjupet Subbasin. The geological feature is named Ceres and interpreted 

as a submarine channel carved in Aptian, a period of marked sea level rise and sediment 

starvation in the Hoop area. An evolutionary model of a diverted submarine channel is proposed 

where a flooded delta lobe acted as a topographic barrier, funneling bottom currents and thereby 

carving an alongslope, possibly contouritic channel. This is the first documented case of a 

submarine channel pathway – delta lobe interaction on the Norwegian continental shelf. To 

account for the geophysical expression of Ceres, two competing explanations are discussed: (1) 

hydrocarbon-bearing sands, and (2) organic-rich source rock. Both scenarios have important 

implications for petroleum prospectivity: a faulted stratigraphic trap holding large volumes of 

hydrocarbons or alternatively the channel-controlled distribution of mature Aptian source rock 

in the SW Barents Sea. 
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 Introduction 

The understanding of sediment transport mechanism from shelf to basin floor is key to 

predict facies associations in the Lower Cretaceous strata of the Barents Sea. Fine-grained, 

marine mudstones make for most of the Lower Cretaceous stratigraphic record of the SW 

Barents Sea (Smelror et al., 2009) and the presence of reservoir rocks is an important factor 

affecting the potential of the Lower Cretaceous play. The depositional dynamics of the Early 

Cretaceous epicontinental sea is consequently under scrutiny (Harishiyadat et al., 2018; Marín 

et al., 2018; Grundvåg et al., 2017; Marín et al., 2017; Midtkandal et al., 2014). Submarine 

canyons and channels are key elements in the discharge of sand from shelf to basin floor but 

evidences are lacking (Marin et al., 2017) in the SW Barent Sea. The high-resolution P-Cable 

seismic data presented here could potentially resolve subtle incisions and help tracking sand-

prone sediment conduits. 

As the petroleum industry investigates Lower Cretaceous targets, recent hydrocarbon 

discoveries have confirmed the potential of the Cretaceous play in the SW Barents Sea. Indeed, 

The Kayak well (73219/9-2) proved oil in a Lower Cretaceous clastic wedge and potential tie-

in of the discovery to Johan Castberg field development is being assessed (NPD, 2017). Located 

~170 km northwest of Johan Castberg’s discoveries, the Hoop area (Fig. 1) is mature area for 

exploration as sizeable hydrocarbon discoveries were made in the Jurassic-Late Triassic 

Realgrunnen Subgroup: Wisting (7324/8-1), Hanssen (7324/7-2), Gemini North (7324/9-1) and 

Mercury (7325/4-1). In this area, integrated interpretation of seismic and Controlled-Source 

Electromagnetic (CSEM) data have proven to be an efficient de-risking tool (Alvarez et al., 

2018; Granli et al., 2017; Fanavoll et al., 2014) because of the extremely high resistivity in the 

oil- and gas-saturated reservoir sands (Senger et al., 2017). Indeed, all the aforementioned 

discoveries were associated with coincident Direct Hydrocarbon Indicators (DHI), a high 

amplitude event in seismic data and a resistive anomaly from 3D inversion of CSEM data. This 
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work scrutinizes Ceres, a elongated high acoustic amplitude event associated with a prominent 

resistive anomaly (Fig. 2a) originating from the Lower Cretaceous interval (Fig. 2b). The 

specificity of Ceres lies also in its close stratigraphic relationship with a pre-existing delta lobe 

front, potentially acting as a bathymetric obstacle for bottom currents in the Early Cretaceous 

epicontinental sea. 

This study has four aims: (1) to map, describe and interpret a prominent elongated 

anomaly in Lower Cretaceous strata based in 3D/2D high-resolution P-Cable and conventional 

seismic  data, (2) to understand the stratigraphic relationship between this enigmatic elongated 

feature and  the underlying or overlying Lower Cretaceous prograding units, (3) to develop the 

first geological interpretation of an ancient submarine channel in the Hoop area, constraining 

its morphology, timing and internal fill, and (4) to propose an Early Cretaceous paleo-

geographic reconstruction of the study area and discuss implications for petroleum 

prospectivity. 

This contribution will be articulated in four parts. First, we review the recent updates in 

Lower Cretaceous stratigraphic framework and basin development of the NW Bjarmeland 

Platform and Fingerdjupet Subbasin. Secondly, we introduce the seismic database and elaborate 

on the seismic interpretation methodology, starting from regional seismic interpretation and 

gradually zooming-in using a combination of 2D and 3D high-resolution data tied to key 

exploration wells. Based on these observations, we develop an evolutionary model constraining 

the timing, infill and diverted course of a submarine channel contouring a flooded Barremian 

delta lobe front. Eventually, this work envisions the presence of a sediment fairway in the SW 

Barents Sea, conveying bypassed products from NE to SW through a submarine channel in 

Aptian. 
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 Geological framework 

2.1 Early Cretaceous structural setting and basin architecture 

Prior to the opening of the NE Atlantic in Early Cenozoic time, the Barents 

epicontinental shelf was surrounded by continental land masses of Fennoscandia, Greenland, 

Svalbard and Novaya Zemlya (Grundvåg et al., 2017). Throughout Late Paleozoic and 

Mesozoic times, the Barents Sea was under extension, characterized by several N-S to NE-SW 

trending rift basins and structural highs (Faleide et al., 1993; Gudlaugsson et al., 1998; Indrevær 

et al., 2017; Serck et al., 2017).  The area of interest is the Hoop area, located in the SW Barents 

Sea and adjacent to the Fingerdjupet Subbasin (Fig. 1). The latter forms the northeastern 

transition to the deep Bjørnøya Basin. In Early Cretaceous, the Fingerdjupet Subbasin 

experienced significant subsidence resulting in thicker successions of Lower Cretaceous strata 

compared to adjacent structural highs (Serck et al., 2017). In this period, the highs and 

platforms, such as the Hoop area, were sediment-starved and locally developed carbonate 

successions, the Klippfisk Formation (Smelror et al., 1998). The post-Early Cretaceous uplift 

episodes (Baig et al., 2016; Dimakis et al., 1998; Green et al., 2010; Henriksen et al., 2011b), 

intensified by Pleistocene glacio-erosive processes (Sættem et al., 1992; Laberg et al., 2012; 

Bellwald et al., 2018), have removed much of the Lower Cretaceous deposits on the structural 

highs.  Beside, a part of the depocenter was uplifted in Early Barremian to form a subaerially-

exposed platform corresponding to the present day Loppa High (Fig. 1; Indrevær et al., 2016; 

Indrevær et al., 2017). 

2.2 Lower Cretaceous stratigraphy 

A lithostratigraphic and seismic stratigraphic framework of the Upper Jurassic to Lower 

Cretaceous in the Bjarmeland Platform is shown in Fig. 3, based on Midtkandal et al. (2016). 

The Cretaceous succession (Fig. 3) is subdivided into the mudstone-dominated Knurr, Kolje 

and Kolmule formations. The potential for reservoir quality sandstones is believed to be mostly 
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limited to thin sandstone sheets (Grundvåg et al., 2017). A description of each sequence based 

on public data (NPD, 2017) is summarized below. 

Knurr Formation (Berriasian-Early Barremian): The Knurr Formation consists of 

claystone, thin interbeds of limestone/dolomite and thin sandstones in its lower part distributed 

on the Bjarmeland Platform. The Knurr Formation is time-equivalent to the carbonate 

dominated Klippfisk Formation. The latter was deposited in shallow marine platform areas and 

local structural highs (Smelror et al., 1998). 

Kolje Formation (Barremian-Early Aptian): The Kolje Formation overlies the Knurr 

Formation with a sharp and in places erosive boundary. The Kolje Formation is dominated by 

mudstone with thin interbeds of silt- and sandstone and lateral equivalent to the sandstone-

dominated Helvetiafjellet Formation on Spitsbergen (NPD, 2017).  

Kolmule Formation (Aptian-Mid Cenomanian): Details on the Kolmule Formation from 

the Bjarmeland Platform are scarce, but the formation is considered to be dominated by 

mudstone with thin siltstone, limestone interbeds and dolomite stringers, indicating an open-

marine deposition (NPD, 2017). 
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2.3 Early Cretaceous basin infill history 

In Early Cretaceous, the Barents Sea was an epicontinental sea under shelfal conditions. 

In such environment, the sediment transport and routing is influenced by subtle sea level 

changes and intrabasinal tectonics. In fact, the injection of magma in the lithosphere, at the 

onset of the High Arctic Large Igneous Province (HALIP), caused the northern portion of the 

Barents Sea shelf to be uplifted in Barremian to Early Aptian, resulting in the widespread 

progradation of sedimentary units to offshore areas (Polteau et al., 2016).  

The distribution, geometry and age of Cretaceous prograding sequences in the western 

Barents Sea have been scrutinized by Dimitriou (2014), Midtkandal et al. (2014), Hinna (2016), 

Marín et al. (2017), and Grundvåg et al. (2017) using seismic and well data. Although the 

interpretation of lobes may vary in terms of lateral extent and age estimate amongst the latter 

studies, there is a wide consensus that Hauterivian-Barremian lobes filling the epicontinental 

basin are predominantly mud-rich, accomodating long-distance sediment transport from a 

major source area NW of Svalbard. In addition, lobes with a high-relief, oblique geometry and 

sourced from the Russian Barents Sea, are generally interpreted as mud-rich, intra-shelf prism 

prograding units (Marín et al., 2017; Grundvåg et al., 2017). Palynological analysis of several 

exploration and shallow IKU (Institutt for kontinentalundersøkelse, now SINTEF) wells have 

shown that the lobes in the western Bjarmeland Platform are of Barremian to Cenomanian age 

(Århus, 1991; Midtkandal and Nystuen, 2009).  

 Recent studies based on a dense grid of regional 2D conventional seismic lines 

complemented by 3D conventional seismic and high-resolution seismic data have led to 

refinement in the description of prograding units infilling the Early Cretaceous Barents Sea 

(Hinna, 2016; Faleide, 2017). In Fig. 4, we reproduce the spatial distribution and introduce a 

new naming convention of the Cretaceous prograding units, reflecting the location of the 

sediment source relative to the study area. Four prograding units (NW2, NE1, NE2 and NE3) 
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in the western Bjarmeland Platform are relevant to this work and depicted in the study area 

(Fig. 4). In the Hoop area, the NW-SE prograding lobe (NW2) sourced from NW of present-

day Svalbard is interpreted as a subaqueous delta with high-gradient sigmoidal clinoforms (Fig. 

5; Faleide, 2017). It is denoted S1 and S2 in Marín et al. (2017) or named S1 and S3 in Grundvåg 

et al. (2017). The relief of NW2 is estimated to be 220-290 meters after decompaction in the 

Hoop area (Faleide, 2017; Fig. 5). NW2 is well-imaged in high-resolution seismic data and 

formed the Barremian prograding sequence in the Kolje Formation (Fig. 5). NE1, NE2 and NE3 

are prograding sequences part of the Kolmule Formation and filled the study area from NE in 

Aptian to Albian (Dimitriou, 2014; Grundvåg et al., 2017; Marín et al., 2017).  

2.4 Ceres: an elongated, high-amplitude and resistive anomaly in the Hoop area 

The Lower Cretaceous interval in the study area shows prominent anomalies identified 

in two independent geophysical measurements: 3D Seismic and CSEM data (Fig. 2). The 

feature was ranked as a lead by Oil and Gas companies exploring the Hoop area. Following the 

nomenclature principles established in Gabrielsen et al. (1990), we have named the feature 

“Ceres” after the Norwegian polar research vessel “Ceres I” built in 1912. In the seismic data, 

a prominent elongated high-amplitude event, corresponding to negative impedance contrast (i.e. 

soft kick), is readily observable on a RMS attribute map for a 110 ms time-window defined 

above the BCU level (Fig. 2). This Cretaceous RMS amplitude anomaly stands out as a ~40 km 

long and 2-5 km wide feature, encompassing both stable platform and N-S graben structures 

(Fig. 2a). The high-amplitude, elongated seismic event seemingly extends farther west of the 

area displayed in Fig. 2. The contour of a highly resistive anomaly  from Lower Cretaceous, 

extracted from Baltar and Barker (2017) and Carstens (2014), is overlain on the seismic 

anomaly in Fig. 2. The resistivity of the subsurface is retrieved from inversion of CSEM data, 

an exploration technique developed in the early 2000s (Constable and Weiss, 2006; Eidesmo et 

al., 2002) and intensively used for prospect de-risking in the Hoop area (Alvarez et al., 2018; 
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Granli et al., 2017; Fanavoll et al., 2014). Resistivity is an anisotropic property of the subsurface 

and is mainly controlled, in sedimentary basins, by (1) porosity (2) brine conductivity (inverse 

of resistivity) (3) pore space connectivity and, (4) brine saturation (Senger et al., 2017). Given 

the sensitivity of the CSEM method to Anomalous Transverse Resistance (ATR, i.e. the product 

of thickness and resistivity above a background level; Baltar and Roth, 2013), the information 

can be used to infer reservoir resistivity. When the reservoir thickness is known from seismic 

imaging, CSEM data can be used for pre-dill volumetric estimation (Baltar and Barker, 2015). 

In this contribution, the resistivity values of Ceres is not accessible and a more qualitative 

approach will be preferred for the CSEM-seismic data integration. In Fig. 2a, the seismic 

amplitude and highly resistive anomalies from CSEM data are roughly coincident with minor 

discrepancies in shape and lateral extent.  Importantly, both anomalies embrace the contour of 

the delta lobe front NW2 in the study area (Fig. 4). Apollo (7324/2-1) and Atlantis (7325/1-1) 

had Jurassic and/or Triassic reservoir units as targets (NPD, 2017) and were drilled outside the 

Lower Cretaceous anomaly (Fig. 2a). Therefore, Ceres remains untested by drilling.
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 Data and method 

3.1 Seismic and well data  

In this study, we used a combination of 3D and wide-azimuth 2D high-resolution P-

Cable seismic data acquired in 2014 and 2015. The P-Cable data coverage in the Hoop area is 

depicted in Fig. 1. P-Cable data have a typical frequency range of 8 to 270 Hz at -20dB, a very 

high near-offset trace density (3-6 meters native bin size) and a uniform traced distribution in 

both in-line and cross-line directions. The system provides unparalleled high-resolution  

seismic imaging, in the range of 3-7 meters vertically and up to 150 meters horizontally 

(Bellwald and Planke, in press; Crutchley et al., 2012; Plaza-Faverola et al., 2011).  The 

horizontal and vertical resolutions of the P-Cable data are up to four times higher than 

conventional 3D seismic data. As illustrated in Fig. 5, P-Cable data is able to resolve two scales 

of clinoforms within the subaqueous delta NW2. On the other hand, the lack of far offsets in P-

Cable data limits the potential for quantitative interpretation.  

In addition, regional 2D seismic data acquired between 2006 and 2014 by TGS and 

Fugro are used to tie this study with the adjacent Fingerdjupet Subbasin. The exploration wells 

included in this study are 7324/2-1 (Apollo), 7325/1-1 (Atlantis) in the Hoop area and 7321/7-

1 in the Fingerdjupet Subbasin (Fig. 1). The exploration wells on the Bjarmeland Platform are 

intersected by 2D P-Cable lines, whereas the well in the Fingerdjupet Subbasin is covered by 

regional 2D seismic data. We use available biostratigraphic information from well 7324/2-1 

and 7321/7-1 (Robertson Group, 1989).  

3.2 Seismic interpretation 

Horizons were picked based on publicly available lithostratigrahic tops and are time-

correlated in the Hoop area using the biostratigraphic information from well 7324/2-1. 2D 

seismic interpretation was performed in IHS Kingdom Suite, whereas we used Petrel for 3D 

seismic interpretation and attribute generation. In the Fingerdjupet Subbasin, the main seismic 
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reflections were time-correlated using biostratigraphic data from well 7231/7-1 (Fig. 1) and we 

followed the tectonostratigraphic framework established by Serck et al. (2017). In well 7321/7-

1, not all the ages are based on direct biostratigraphic evidence (Serck et al., 2017), leading to 

some uncertainty in the horizon ages investigated in this work. 
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An example of interpreted high-resolution line going along the prograding direction of 

Lobe NW2 is shown in Fig. 5. BCU is a strong, continuous and hard reflection (i.e.  a positive 

acoustic impedance contrast). Top Knurr is a weak reflection and was challenging to pick 

moving SW towards the Fingerdjupet Subbasin. Top Kolje is a hard reflection (Faleide, 2017), 

defined in previous work as a flooding surface linked to the delta Lobe NW2 (Hinna, 2016; 

Grundvåg et al., 2017).  In places, Top Kolje is truncated by URU (Fig. 5), picked as a hard 

event corresponding to the base of the Quaternary sediments.  

 Results 

4.1 Ceres in 2D conventional seismic data 

We have mapped Ceres in 2D seismic data, defined as a bright anomalous event within 

the Lower Cretaceous succession, so the full outline of this spectacular elongated feature can 

be depicted on the lobe front map (Fig. 4).  Ceres extends well beyond the sub-area shown in 

Fig. 2a, and the full length of the elongated anomaly is estimated to ~150 km, extending from 

the western Bjarmeland Platform to the SE edge of the Fingerdjupet Subbasin and nearby the 

present-day Loppa High (Fig. 1). The anomaly is as narrow as ~1 km to the NE and gradually 

widens up to ~8 km towards SW.   

In Fig. 6, two examples of representative 2D conventional seismic lines are shown with 

the intention to place Ceres, the elongated bright event, in the stratigraphy of the Hoop area and 

the Fingerdjupet Subbasin. For a thorough tectono-stratigrahic analysis of the Fingerdjupet 

Subbasin, the reader is referred to Hinna (2016) and Serck et al. (2017). In Fig. 6, we interpreted 

the picks and establish a chronostratigraphic framework based on Serck et al. (2017). The color 

code defined in Fig. 6 indicates the interpreted age of each seismic facies and will be used 

throughout this contribution. 

Interpretation of 3D/2D conventional seismic data has allowed to map the bright spot 

along the Barremian delta lobe front NW2 in the Kolje Formation. The Barremian prograding 
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lobe NW2 with oblique to sigmoidal clinoforms (Helland-Hansen and Hampson, 2009; Hinna, 

2016) downlapping onto Top Knurr, was mapped using 2D conventional lines (Fig. 6) and 3D 

seismic data (Faleide, 2017).  The termination of lobe NW2 is depicted in Fig. 4.  

In Fig. 6b, Ceres is overlain by wedge-shaped, syn-rift strata (Hinna, 2016; Serck et al., 

2017) forming the uppermost sequence of the Kolje Formation in the Fingerdjupet Subbasin. 

In Fig. 6a, the Top Kolje horizon is truncated by URU at the transition between the subbasin 

and the platform area, making the stratigraphic correlation challenging. However, 

biostratigraphic analysis of 7324/2-1 and seismic mapping indicate that a thin Barremian unit, 

attached to NW2, is directly overlain by Albian sediments of the Kolmule Formation in the 

Hoop area. Ceres is therefore overlain by Albian strata in the Hoop area (Fig. 6a). We 

subsequently note the absence of Aptian sediments, in particular the syn-rift strata of the 

subbasin, in the Hoop area and the subsequent draping of the whole area in Albian (Fig. 6). 
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4.2 High-resolution seismic facies 

In this paragraph, the high-resolution seismic facies related to the elongated geophysical 

anomaly are investigated. Fig. 7a shows a high-resolution 3D seismic section through Ceres 

located at the transition between the platform area and the subbasin (Fig. 1). The principal axis 

of Ceres is roughly NE-SW (Fig. 7b). While the main stratigraphic units are identified on 

conventional 2D seismic data interpretation (Fig. 6), P-Cable seismic data display internal 

reflections within each seismic facies (Fig. 7a). In the Barremian unit, sigmoid to oblique 

clinoforms from NW2 are downlapping onto Top Knurr, the uppermost bound of the Early 

Barremian - Tithonian sequence (Hinna, 2016).  As expected, Ceres stands out as a prominent 

isolated bright event on the P-Cable data. Some weak conformable reflections can be observed 

within the bright “lens”. The top of Ceres is a soft event whereas the base is defined as a hard 

reflection. As observed previously in the Fingerdjupet Subbasin (Fig. 6a), Ceres lies at the base 

of the Aptian strata. This uppermost sequence of the Kolje Formation displays conformable, 

sometimes wavy, seismic reflections with an aggrading pattern. The same two-fold division of 

the Kolje Formation is described in Serck et al. (2017). We observe that these reflections onlap 

onto the top of the Barremian prograding unit NW2, denoted “iB” (Intra Barremian) in Serck 

et al. (2017) (Fig. 6a). This intra-Kolje unconformity truncates the underlying clinoforms from 

NW2, thereby representing an erosional surface (Fig. 7a). In the Kolmule Formation, reflections 

apparently onlap onto Top Kolje, the upper bound for the Aptian strata. We have computed the 

isopach map of Ceres (Fig. 7b) to try and restore its architecture. The isopach map (Fig. 7b) 

shows a ~5 km wide U-shape morphology, with a deeper, 2-3 km wide incision at its base. Its 

time-thickness ranges from 0 to ~20 ms. The feature has an asymmetric geometry: its 

northernmost flank has an abrupt termination while the other flank is gently pinching-out. 

Stratigraphically, Ceres was deposited on top of an erosive unconformity, denoted “iB” (Intra 

Barremian) in Serck et al. (2017). 
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Moving north, Fig. 8 displays a section and interpreted surface of a high-resolution 3D 

seismic survey intersecting Ceres in the Hoop area (Figs. 1 and 4). The seismic section shows 

the prograding Barremian lobe NW2 pinching-out, with clinoform downlapping onto Top 

Knurr. Contrarily to Fig. 7, we observe the presence of a distal unit at the bottomset of NW2 in 

Fig. 8. This unit, denoted NW2x, is a distal extension of lobe NW2 and displays conformable 

reflections that are parallel to Top Knurr and BCU horizons. Biostratigraphic analysis and 

available well tops from 7324/2-1 support that the Barremian distal unit NW2x is directly 

overlain by Albian sediments of the Kolmule Formation (Fig. 6a).  Here, Ceres is part of the 

youngest sequence in the Kolje Formation and the top of the bright seismic event corresponds 

to the Top Kolje horizon. Ceres is conformably overlain by Albian-age strata with reflections 

onlapping onto NW2. A gradual upward evolution from layered-parallel reflection to a 

transparent seismic character in the Albian strata of the Kolmule Formation can be observed in 

the high-resolution data (Fig. 8a). Ceres shows pronounced internal layering. Similarly to Fig. 

7a, Ceres displays an erosive base that truncates reflection of the underlying Barremian unit. 

The isopach map of Ceres (Fig. 8b) shows an asymmetric ~6 km wide U-shape geometry with 

a NE-SW principal axis. The maximal thickness of the geobody is 20 ms.   In addition, we 

observe series of concentric arches in the isopach map, with a roughly ~100 meters separation 

(Fig. 8b). Some arches seemingly override each other. Furthermore, several Direct 

Hydrocarbon Indicators (DHI), i.e. a seismic attribute or pattern that could be explained by the 

presence of hydrocarbons, can be seen in P-Cable data. For example, a flat spot, i.e. a horizontal 

reflection cutting across beddings possibly representing the interface between Gas- and brine-

filled sediments, and an amplitude brightening, are observed in the Stø Formation, along the 

westernmost fault (Fig. 8a). 
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Fig. 9 shows three high-resolution 2D seismic transects through Ceres in the Hoop area 

(Location in Fig. 4). In Fig. 9a, the line intersects well 7324/2-1 (Apollo), where formation tops 

are available (NPD, 2017). The same seismic facies described in Fig. 8a are present. However, 

the internal characteristics of Ceres evolve. The upper internal unit has a semi-transparent 

character, and overlays a very high-amplitude ~3 km wide layer at its erosive base. The bright 

unit pinches-out on each ends. The brightening was already observed in the RMS attribute map 

from 3D conventional seismic data and CSEM data suggests that the bright spot coincides with 

a resistive anomaly (Fig. 2; Baltar and Barker, 2017; Fanavoll et al., 2014). Note that Ceres is 

almost eroding down into Top Knurr (Fig. 9a). The Albian strata overlying Ceres consist of 

aggrading reflections onlapping onto Top Kolje. Still, a marked boundary from a layered to a 

reflection-free unit is readily observed within the Albian-age Kolmule Formation (Fig. 9). 

The development of a thicker distal unit at the bottomset of NW2 is remarkable. This 

distal toeset (NW2x; Fig. 9b) of the Barremian unit thickens from ~20 meters (Fig. 9a) to ~60 

meters (Fig. 9b) according to publicly available well tops (NPD, 2017) and Faleide (2017). 

Ceres is thinner and seemingly divided into two incisions. High-amplitude conformable 

reflections in Lower Albian onlap onto Top Kolje to the North.  

We observe the easternmost evidence of an erosional truncation into the Barremian 

clinoforms (NW2) in high-resolution seismic data in Fig. 9c. The soft kick, i.e. negative 

amplitude anomaly, has vanished at the erosive base. Instead, three ~1 km-wide incisions, one 

with a V-shape morphology to the west and two U-shaped towards NE, carve into the 

prograding unit NW2.  The westernmost incision displays a prograded infill pattern. The 

middle incision display a vertical stacking pattern.
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 Discussion 

5.1 Summary of results 

Using a combination of 3D, wide-azimuth 2D high-resolution and conventional seismic 

data, we have described in detail an enigmatic ~150 km long, high amplitude, resistive anomaly 

in the Hoop area, terminating at the southeastern edge of the Fingerdjupet Subbasin (Fig. 4). 

The elongated-shape feature is following the contour of a subaqueous delta lobe NW2.  High-

resolution seismic data reveal that Ceres is the basal unit of an Aptian sequence resting on a 

hard, erosional surface not visible on conventional seismic data (Fig. 2b). A single 6 km wide, 

U-shaped incision to the west, separating in three 1-km V-shaped incisions to the east of the 

study area. In the following, we propose and discuss an evolutionary model for a submarine 

slope channel system in the Hoop area. In an attempt to place the study in the regional context 

of the SW Barents Sea, we then produce a paleo-geographic reconstruction of the study area at 

a key stage of the formation of Ceres. The final part of the discussion is concerned with the 

implications for petroleum prospectivity. 

5.2 Evolutionary model of Ceres  

Based on the seismic observations, we propose an evolutionary model of a diverted 

submarine channel in the Hoop area in four stages (Fig. 10). 

Stage I: Arrival of subaqueous delta NW2 - Barremian (Fig. 10a) 

At the onset of High Arctic Large Igneous Province magmatism (HALIP; Senger et al., 

2014; Polteau et al., 2016), crustal doming to the NW of present-day Svalbard triggered the 

widespread and stable progradation of sedimentary units to offshore areas (Midtkandal and 

Nystuen, 2009; Grundvåg et al., 2017). In Barremian, subaqueous delta NW2 has prograded up 

to the Hoop area but the lobe front extends hundreds of kilometers, from the Fingerdjupet 

Subbasin to the central Bjarmeland Platform (Figs. 4 and 5). In addition, we interpret the 

presence of a distal unit (NW2x) attached to the subaqueous delta (NW2) in the Hoop area (Figs 
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8a, 9a and 9b). This unit has been described by Dimitriou (2014) as the extended toeset of NW2. 

We propose that these pro-delta deposits, denoted NW2x, may have formed as a deceleration 

sheet or pro-delta plume. Atlantis and Apollo have penetrated  ~60 meters and ~20 meters, 

respectively, of this marine mudstone-dominated (NPD, 2017) distal wedge. The top of the 

prograding unit is a regional flooding surface. Denoted “iB” (Intra Barremian), this horizon was 

assigned a Late Barremian – Early Aptian age in Serck et al. (2017) (Fig. 6) whereas Grundvåg 

et al. (2017) place the flooding surface well into mid-Aptian. These contradicting observations 

reflect the uncertainty of the biostratigraphy analysis in well 7321/7-1. Consequently, the term 

“iB” (Intra Barremian) used in Serck et al. (2017) is misleading as “iB” is most likely Aptian 

age. 

Stage II: Sea level rise, sediment starvation and submarine erosion - Aptian (Fig. 10b) 

At this stage, the Barents Shelf recorded an episode of uplift to the NE (Grundvåg et al., 

2017). This event led to the shift of the paleo-drainage system and lobe progradation direction 

from NW-SE (NW1 and NW2) to NE-SW (NE1, NE2, NE3) and a marked sea-level rise 

(Midtkandal et al., 2016). This uplift episode combined with the onset the North Atlantic rifting, 

is reflected by an increased subsidence rate and vertical settling of sediments in the Fingerdjupet 

Subbasin in the Aptian Stage. Meanwhile, the NW-sourced lobes were flooded and replaced by 

an open-marine environment (Grundvåg et al., 2017; Marín et al., 2017). The Hoop area was 

lying on sediment-starved slopes, which is supported by the absence of Aptian sediments (Figs. 

8 and 9). A dramatic thickening of the Aptian strata has been reported in the SE edge of the 

Fingerdjupet Subbasin (Fig. 4.2 in Hinna (2016)) that we interpret as an embayment toward the 

deep Bjørnøya Basin (Fig. 1). The Fingerdjupet Subbasin was undergoing an episode of 

extension where outer to deep shelfal conditions prevailed (Smelror et al., 2009). We claim that 

bottom currents,  flowing E-W, carved a major submarine channel system on the tilted slopes 

of the  Hoop area, terminating in a sediment sink to the SE edge of the Fingerdjupet Subbasin. 
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This interpretation supports that the course of the submarine channel was obstructed by the 

relict-topography of NW2 lobe front (Figs. 4 and 5), diverting its natural downslope pathways 

and thus explaining why the principal channel mimics the concave shape of the delta front. The 

steep foresets of a subaqueous delta NW2 acted as a seafloor obstacle, funneling contour-

parallel currents (Rebesco et al., 2014) and therefore carving a channel parallel to NW2 front 

in the Hoop area. Ceres could have then served as a fairway for easterly sediments feeding the 

SE Fingerdjupet Subbasin and deep Bjørnøya Basin in Aptian. We suspect that bottom currents 

were also diverted by the nearby Loppa High and Svalis Dome, both being uplifted topographic 

highs (Indrevær et al., 2016). 

 Submarine channels are known to have their courses diverted by tectonic activity and/or 

seafloor topography such as salt domes (Gamboa et al., 2012; Rebesco et al., 2014; Zucker et 

al., 2017) but, to our knowledge, there is no documented examples of channel systems diverted 

by pre-existing subaqueous delta lobe fronts. Clark et al. (2009) proposes a classification of key 

submarine channel-structure interaction and the Ceres channel – delta lobe NW2 illustrates 

undoubtedly a “diversion”. In addition, isopach map (Figs. 7b and 8b) show that Ceres is 

characterized by low sinuosity in the Hoop area. The series of semi-circular ridges observed in 

Fig. 8b could arguably represent relict sediment waves (Lee et al., 2002; Wynn et al., 2002) 

generated by NE-SW paleo-flows within the main channel. 

A straight channel course with no apparent meanders is interpreted in the available 

database. This linear geometry supports relatively steep seabed slopes in the Aptian Hoop area 

as channel sinuosity is generally inversely proportional to slope gradient (Slatt, 2013). 

In two high-resolution seismic sections, the most proximal part of Ceres includes several 

tributaries, comprising up to three separate and 1-3 km wide V-shaped incisions (Fig. 9b and 

9c). The tributaries seemingly merges into a ~8-km wide U-shaped principal channel in the 

Hoop area (Figs. 8 and 9c) and at the transition to the subbasin (Fig. 7).  Present-day and buried 
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submarine canyons often exhibit narrow, deep V-shaped incisions (Harishidayat et al., 2018; 

Jobe et al., 2010; Ferry et al., 2004). The strong negative amplitude event (Figs. 5, 7, 8, 9a and 

9b) represents a sedimentary unit deposited during the early infilling phase of Ceres. Based on 

analogue environments, reworked, coarser-grained sediments deposited at the erosive base of 

submarine canyon often respond with a negative-amplitude signature in seismic data (Ferry et 

al., 2004; Jobe et al., 2010). We report the presence of NE-SW prograding units, named NE1, 

NE2 and NE3, on the Bjarmeland Platform with ages spanning from Aptian to Albian based on 

analysis of dense grid of regional 2D lines tied to several wells in the SW Barents Sea. With 

the current seismic coverage and due to severe erosion of Early Cretaceous strata in the 

Bjarmeland Platform, it is challenging to relate the submarine channel to either NE2 or NE3 

and their shelf break in the study area (Fig. 4).  

Evidences listed in this paragraph allow to speculate on the existence of a Contourite 

Depositional System (CDS) (Rebesco et al., 2014 and reference therein) with Ceres acting as 

an alongslope channel and sediment fairway leading to a sink at the SE corner of the 

Fingerdjupet Subbasin. 

Stage III:  Hemipelagic deposition and passive infill of Ceres – Early Albian (Fig. 10c) 

The absence of Aptian sediments in the Hoop area (except for the active in-filling in 

Ceres) supports that the zone was already uplifted relatively to the Fingerdjupet Subbasin (Fig. 

6). At this stage, hemipelagic rain deposition occurred exclusively in a well-bounded, rapidly 

subsiding Fingerdjupet Subbasin (Hinna, 2016; Figs 6, 7 and 8). Hemipelagic sediment 

deposition reached the platform area in Albian (Fig. 6a). Onlapping reflections onto the Top 

Kolje horizon on both Fingerdjupet Subbasin (Figs. 6 and 7) and Hoop area (Figs. 8 and 9) 

illustrate this model and shows that a structural high potentially separated these two depocenters 

(Fig. 6a).  At this stage, the Ceres submarine channel system was abandoned and passive infill 

of the incision with marine muds occurred in the Hoop area (Fig. 9c).  
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Stage IV: Arrival of NE-sourced lobe, mud draping - Albian (Fig. 10d) 

During Albian, a sedimentary unit draped both the Fingerdjupet and Hoop areas (Fig. 

6a; Serck et al., 2017). A change in seismic character (Figs. 8 and 9) from high amplitude 

reflections to a transparent, reflection-free unit indicates a sharp variation in lithology. The 

easterly sedimentary lobe NE1 draped the Hoop area in Albian and most likely the adjacent 

Fingerdjupet (Figs. 6, 8 and 9). A growth sequence in Albian strata is reported by Faleide (2017) 

in the Hoop area (Fig. 1). In Fig. 8a, normal faults are activated after the Aptian channel erosion. 

As a result, the Albian tectonic quiescence in the Fingerdjupet Subbasin discussed in Serck et 

al. (2017) may not apply to the Hoop area. If a new period of tectonic activity occurred in Albian 

in the Hoop area is beyond the scope of this study. 

5.3 Paleo-geographic reconstruction  

We have reconstructed the paleo-geography of a sub-region of the SW Barents Sea at 

the Aptian stage, from the North of Loppa High to the south of Bear Island (Fig. 11). The 

reconstruction is based on the interpretation of the prograding units (Fig. 4) and Ceres (Fig. 

10b), as well as collating the paleo-environment of the northern Loppa High described in Marín 

et al. (2018) and Harishidayat et al. (2018). The Aptian reconstruction in Fig. 11 reveals a 

smoothly-varying submarine topography to the north and east of the study area, shaped by 

sedimentary lobes (Fig. 4), contrasting with a highly-structured, steep slopes along the 

emerging Loppa High and Svalis Dome to the south (Marín et al., 2018). The map also 

highlights an oceanographic aspect by depicting paleo-currents and associated sediments 

drainage. Turbulent slope currents were dominant on the steep slopes of the western Loppa 

High, carving submarine canyons and forming short-length turbidite fan systems confined by 

normal faults (Marín et al., 2018). On the contrary, the tectonically-quiet Bjarmeland Platform 

display a long-distance submarine drainage pattern, Ceres. There, bottom currents were 

funneled at the toeset of a flooded delta lobe NW2 forming a 220-290 meters bathymetric 
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obstacle in Aptian (Figs. 4, 5 and 10b). To our knowledge, this study is the first to propose the 

formation of a diverted submarine channel along a pre-existing subaqueous delta lobe front, 

obstructing its flow pathway. The easterly sediments were subsequently drained through Ceres 

and accumulated in a depocenter, located to the southeastern corner of the Fingerdjupet 

Subbasin (Fig. 11; Hinna, 2016). The narrow “strait” between the bathymetric high formed by 

NW2 and the Svalis Dome was arguably the locus of major water outflow (Fig. 11), discharging 

large amounts of NE-sourced sediments to the subsiding Bjørnøya Basin, at the onset of the 

North Atlantic rifting.  

 

5.4 Implications for petroleum prospectivity 

Integration of CSEM and seismic data for prospect de-risking has proven a successful 

strategy in the Hoop area. Recent hydrocarbon discoveries Wisting (7324/8-1), Hanssen 

(7324/7-2), Mercury (7324/9-1) and Gemini North (7325/4-1) in good quality reservoir sands 

of the Jurassic-Late Triassic Realgrunnen Subgroup were systematically associated with 

coincident highly resistive anomalies and seismic DHIs (Alvarez et al., 2018; Baltar and Barker, 

2017; Granli et al., 2017). The size of Gemini North discovery (7325/4-1) is inferior to 6 million 

barrels of oil equivalent and illustrates the high sensitivity of the CSEM method to sub-

commercial, shallow-buried hydrocarbon accumulations in the Hoop area. Although originating 

from the Lower Cretaceous interval, Ceres also displays a coincident high acoustic amplitude, 

resistive anomaly (Fig. 2). The interpretation of Ceres as an Aptian submarine channel system 

increases the probability of presence of reworked sands, deposited along the erosive base of the 

submarine channel (Figs. 7, 8 and 9). Moreover, the juxtaposition of the Aptian channel and 

Stø Formation along normal faults, activated in Albian (Fig. 8a) suggests that hydrocarbons 

may migrate from the prolific Stø Formation. Therefore Ceres could be a stratigraphic trap, 
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faulted in places, with high-porosity sandstones saturated with hydrocarbons, and thereby 

explaining the elongated seismic amplitude and resistive anomalies along NW2 (Fig. 2).  

However, high resistivity in sedimentary basins can be caused by several type of 

lithologies such as basalt, salt, cemented sandstone, carbonate and source rock (Baltar and 

Barker, 2015). Nevertheless, the depositional environment of the Early Cretaceous Barents 

(Fig. 11; Grundvåg et al., 2017) and seismic signature allows to discard volcanic rocks, salt, 

cemented sandstones and tight carbonates. 

 In the following paragraph, we investigate a second plausible interpretation for Ceres 

as a mature, organic-rich source rock. This alternative explanation is supported by the presence 

of source rock in exploration well 7321/9-1 in the adjacent Fingerdjupet Subbasin (Fig. 1). This 

source rock of high-organic content is penetrated in the Aptian sequence forming the upper part 

of the Kolje Formation (Hinna, 2016), from 961 to 986 meters below mudline (Robertson 

Group, 1989).  Borehole data shows deep resistivity peaking at ~17 Ω.m in the source rock, 

four times higher than the average 4-5 Ω.m background value recorded in the Kolmule and 

Kolje Formations (NPD, 2017). Even though we interpret the end of the Aptian channel in the 

vicinity of the well (Fig. 4), we cannot exclude that with a better seismic data coverage Ceres 

would extend further into the subbasin (Fig. 11). The two nearby wells (7321/8-1 and 7321/7-

1) drilled on local highs, do not show traces of source rock in the Kolje Formation (NPD), 

thereby illustrating the complex distribution of the Aptian source rock in the Fingerdjupet 

Subbasin. On the opposite side of the Loppa High (Fig. 1), in the Hammerfest Basin, well 

7122/2-1 penetrates two intervals of organic-rich source rock. Borehole data shows a 15-meters 

thick source rock in the Kolje Formation (NPD), with  deep resistivity log  values averaging 

~15 Ω.m over the interval and a 82-meters thick source rock, the Hekkingen Formation, 

averaging ~50 Ω.m over the interval, with resistivity values reaching up to 100 Ω.m. Well 

7122/2-1 shows that Hekkingen Formation source rock could potentially reach high ATR 
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values (Baltar and Barker, 2015), and explain the resistive anomaly retrieved from CSEM data 

in Ceres  (Fig. 2; Baltar and Barker, 2017). Senger et al. (2017) investigate resistivity variations 

in exploration boreholes in the Barents Sea and crucially conclude that resistivity of organic-

rich shales of the Hekkingen Formation is a function of total organic content and maturation 

level. Extrapolating the latter conclusion to the source rock of the Kolje formation, we infer 

that if Ceres is an Aptian source rock then it has reached a mature stage in the Hoop area given 

its high resistivity (Fig. 2). 

We favor the hydrocarbon-bearing scenario as high resistivity anomaly in CSEM data 

could not account for intermediate resistivity values of ~15 Ω.m recorded in the 25-meter thick, 

Aptian source rock in well 7321/9-1. Nevertheless, we expect that both scenarios, (1) 

hydrocarbon accumulation in a faulted stratigraphic trap, and (2) mature source rock with high-

organic content confined to a submarine channel, would have a significant impact on 

exploration strategies in the SW Barents Sea.  

 Conclusion 

The elongated seismic amplitude and resistive response of Aptian sediments deposited 

on the erosive base of the submarine channel has attracted the interest of oil and gas explorers 

in the SW Barents Sea. Geophysical and geological evidences points toward the development 

of a submarine channel system in Aptian in the Hoop area and terminating in a depocenter 

located at the SE edge of the Fingerdjupet Subbasin. A specificity of this submarine channel, 

named Ceres, lies in its close relationship with an older subaqueous delta front. The relict-

topography of a flooded NW-sourced delta has funneled bottom currents along its toeset to 

carve a contouritic channel. To our knowledge, this contribution is the first to document a 

submarine channel course diverted by a pre-existing subaqueous delta lobe. This important 

observation is illustrated in a paleo-geographic reconstruction of the SW Barents Sea. We also 

conclude that the Ceres submarine channel forms a stratigraphic trap holding hydrocarbon-
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bearing sandstones or alternatively contains a mature, organic-rich source rock of easterly 

provenance. Both hypothesis have important implications for petroleum prospectivity and/or 

distribution of a mature, organic-rich Aptian source rock in the southwestern Barents Sea.  
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Fig. 1 Seismic and well database used in this study overlaid on the structural elements 

map (NPD, 2017). The insert map on the bottom right corner shows the location of the study in 

the Barents Sea. HFC: Hoop Fault Complex; MH: Mercurius High.  

Fig. 2 A NE-SW elongated high-amplitude and resistive anomaly originating from 

Lower Cretaceous in the Hoop area a) RMS amplitude map from 3D conventional seismic data 

(Modified from Faleide (2017); data courtesy of TGS). The RMS time window is defined 

between BCU and BCU + 110 ms. The outline of the resistive anomaly is depicted as a dashed 

white line and is extracted from Baltar and Barker (2017). The location of the map is shown in 

Fig. 1 b) 2D conventional seismic profile showing the Lower Cretaceous unit, focus of this 

work, is bounded by the red (URU), blue (BCU) horizons. The brown area depicts a prograding 

deltaic lobe and its clinoform surfaces. Profile location in Fig. 2a. BCU: Base Cretaceous 

Unconformity, URU: Upper Regional Unconformity 

Fig. 3 Mid-Cretaceous – Upper Jurassic lithostratigraphic and seismic stratigraphic 

framework of the study area. The grey color represents mudstones with varying shale content 

and yellow represents sandstones (NPD, 2017). The seismic to well correlation for Atlantis 

(7325/1-1) and Apollo (7324/2-1) is displayed on  high-resolution seismic data. BCU: Base 

Cretaceous Unconformity. URU: Upper Regional Unconformity. Chronostratigraphic chart 

modified from Midtkandal et al. (2016). 

Fig. 4 Map of the prograding lobe front termination in the study area and overlain on 

the outline of Ceres, defined by the lateral extent of a prominent seismic anomaly (this study) 

and the main structural elements (NPD, 2017). The dashed part of the lines represent area where 

the lobe front interpretation is uncertain due to erosion and/or data coverage.  Note how Ceres 

embraces the contour of the front of delta lobe NW2 in the Hoop area and terminates to the SE 

corner of the Fingerdjupet Subbasin. The dark blue lines stand for the seismic transects and 

surfaces displayed in this work. MB: Maud Basin; HFC: Hoop Fault Complex; MH: Mercurius 

High. 

Fig. 5 Example of an interpreted high-resolution P-Cable 2D line through the Barremian 

prograding unit NW2. The BCU and URU horizon bound the stratigraphy of Early Cretaceous 

age (Fig. 3). Two scales of clinoforms with oblique to sigmoid geometries downlapping onto 

Top Knurr are resolved in the P-Cable data. The profile location is marked in Fig. 4. 

Fig. 6 2D interpretation of Lower Cretaceous seismic horizons.  a) Composite 2D 

conventional seismic profile showing the main stratigraphic units, horizons and structural 

elements of the study area; from E to W, the Hoop area of the Bjarmeland Platform and 
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Fingerdjupet Subbasin.  The dashed vertical lines indicate a change in seismic line direction. b) 

2D seismic profile showing the main stratigraphic units and horizons in the Fingerdjupet 

Subbasin. The profile location is provided in Fig. 4. The white solid line stand for clinoform 

surfaces of NW2. The nomenclature and interpretation established by Serck et al. (2017) is 

reproduced in this figure. Profiles located in Fig. 4.  Seismic data courtesy of TGS and 

Spectrum. 

Fig. 7 Interpretation of high-resolution seismic facies in a P-Cable 3D seismic survey 

adjacent to the Fingerdjupet Subbasin a) Uninterpreted (top) and interpreted (bottom) section 

in the SE corner of the Fingerdjupet Subbasin. The interpreted section shows the Lower 

Cretaceous horizons and the black solid lines highlights the beddings within each seismic facies. 

The red arrows indicate truncated reflections. The 3D survey location is provided in Fig. 4, and 

the profile location is depicted by the black solid line in Fig. 7b. b)  Isopach map of Ceres, 

showing the U-shaped incision into the Barremian prograding unit. The major faults are 

depicted by white framed polygons. 

Fig. 8 Interpretation of high-resolution seismic facies in a P-Cable 3D seismic survey 

in the Hoop area a) Uninterpreted and interpreted section in the Hoop area. The interpreted 

section shows the Lower Cretaceous horizons and black solid lines highlight the beddings 

within each seismic facies. The color code is defined in the legend and provide insights on the 

age of each interval. The red arrows indicate truncated reflections. b)  Isopach map of Ceres, 

showing a U-shaped incision into the Barremian prograding unit. The position of the 3D survey 

is illustrated in Fig. 4, and the profile location depicted by the black solid line in Fig. 8b where 

major faults are shown in white framed polygons. 

Fig. 9 Interpretation of high-resolution facies along three P-Cable 2D seismic profiles 

a) Uninterpreted (top) and interpreted (bottom) seismic profile through Apollo well (7324/2-1). 

The red arrows indicate truncated reflections. b) Uninterpreted (top) and interpreted (bottom) 

seismic profile through Atlantis well (7325/1-1). c) Uninterpreted (top) and interpreted 

(bottom) seismic profile, showing three incisions into the Barremian unit. The three profile 

locations are indicated in Fig. 4. The interpreted sections show the Lower Cretaceous horizons 

and black solid lines highlights the beddings within each stratigraphic unit. The legend is shown 

in Figs. 6, 7 and 8. 

Fig. 10 Simplified evolutionary model of Ceres, a submarine channel in the Hoop area, 

divided into four stages. A) Stage I: Barremian. Arrival of subaqueous delta NW2. B) Stage II: 

Aptian. Sea level rise, sediment starvation and submarine erosion. Active channel infill with 
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easterly sediments. Arrival of NE-sourced lobes on the Bjarmeland Platform. C) Stage III: Early 

Albian. Suspension fallout and passive infill of the submarine channel. D) Stage IV: Albian. 

Drape with arrival of NE1. The insert drawing on the lower right of Stage II to IV illustrates 

the evolution of the slope gradient in the study area. The vertical dashed lines represent fictive 

borehole tracks of Apollo (7324/2-1) and Atlantis (7325/1-1). The figure is not-to-scale and the 

perspective was drawn using a vanishing point to the east. An approximate horizontal scale is 

given by the distance between the two wells (~ 19 km; Fig. 1) 

Fig. 11 Paleo-geographic reconstruction of the study area in the SW Barents Sea at the 

Aptian stage. The paleo-environment around the Loppa High is modified from Marín et al. 

(2018) and Harishidayat et al. (2018). The black solid lines represent the main structural 

elements (NPD, 2017). 
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