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Abstract
Sediment infill during the Cenozoic remains a mystery in the Southwestern Barents Sea due to the general lack of good quality data and the
complex interplay of tectonic, uplift, erosion, and glaciation. The distribution of the Eocene sands is a continuing subject of debate for
exploration and production companies active in the area. In this work, we have used seismic interpretation, seismic attributes and facies
analysis, and seismic geomorphologic methods to understand the evolution of Cenozoic siliciclastic sediments in the Sørvestsnaget Basin and
the adjoining areas. The interpreted horizons are Jurassic, Cretaceous, Cenozoic, and seven Neogene sequences. Our work revealed the
presence of several canyons and channels signifying subaerial erosion during Miocene to Pliocene in the Sørvestsnaget Basin. An indication
that clastic wedges in the basin were not entirely related to Neogene glaciation. The seven Neogene sequence (S1-S7) varies from low to high
amplitude reflections with internal geometries such as toplap, onlap, parallel to sub-parallel, divergent fill, sigmoid to chaotic recognizable
stratal pattern, onlap fill and internal convergence reflectors. The Neogene package is composed of prograding sequences from S1 to S5 and
those back stepping towards the shelf-edge from S6 to S7. Submarine channels and sand lobes above the Eocene interval have NNE-SSW
direction with provenance possibly from the Stappen High. On seismic sections, the top Eocene sand is a high amplitude reflection that is
severely faulted, trending in more or less N-S direction from the Stappen High and beyond the Sørvestsnaget Basin. We document important
control on sedimentation of the sands to include a number of intrabasinal highs, which were active barriers deforming the area since the Late
Cretaceous. A supporting evidence for the absence of Eocene sands in exploration wells drilled on the Veslemøy High. Based on the seismic
character and well tie, we have interpreted three basin-scale sand bodies in the Veslemøy High. These are N-S (a) Eocene sands below the
clastic wedges (b) Miocene sands at the base of the clastic wedges and (c) Pliocene sands included in the clastic wedges. Compartmentalization
within the sands is due to the presence of several rotated fault blocks to the western flank of the Veslemøy High. Our work presents new ideas
on the distribution of Cenozoic reservoir rocks and their importance for ongoing exploration activities in the area.
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1.2 Stratigraphy of the study area

1. Introduction and Aims
Rationale:

GREENLAND

Sediment infill during the Cenozoic remains a mystery in the
Southwestern Barents Sea due to the general lack of good quality
data and the complex interplay of tectonic, uplift, erosion, and
glaciation. The distribution of the Eocene sands is a continuing
subject of debate for exploration and production companies active in
the area. In this study, we have used seismic interpretation, seismic
attributes and facies analysis, and seismic geomorphologic methods
to primarily understand the evolution of Cenozoic siliciclastic
sediments in the Sørvestsnaget Basin and the adjoining areas.

Aims:

1. Interpret Cenozoic units in the Barents Sea using newly
acquired seismic data in areas such as the Sørvestsnaget Basin,
Bjørnøya Basin, Veslemøy High, and Tromsø Basin.
2. Identify the sand fairway to improve prospectivity within the
Cenozoic interval
3. Find other evidences for transport of sands prior glaciation.

1.1 Geologic setting

BARENT SEA

7316/5-1
Extent of other 2D lines

7216/11-1S

• The Barents Sea is located in an intracratonic setting between the
Norwegian mainland and Svalbard and it is characterized by
several sedimentary basins, highs, and platforms, developed in
response to complex tectonic processes (Doré 1995).
• The Barents Sea has been affected by several tectonic episodes
after the Caledonian orogeny ended in Late Silurian/Early
Devonian. Extensional tectonic movements predominate during
the Paleozoic to Paleogene development in the entire Barents Sea
(Faleide et al., 1993).

Modified from Ryseth et al., 2003

1.3 Data for this study

1.1 Palaeogeography of the Barents Sea

• Six major Phanerozoic tectonic events greatly influenced the
evolution of the Barents Sea region (a) The Caledonian orogenic
megacycle with importance in the central and western areas (b)
The Permian to Early Triassic Uralian orogeny (c) Devonian and
Carboniferous rifting (d) Late Permian and Early Triassic
extension in the eastern part with subsequent strong subsidence
(e) Late Jurassic to Early Cretaceous rifting in the western area.
• The Cenozoic development of the Barents Sea was related to the
opening of the Norwegian and Greenland Seas and the formation
of a sheared margin in the west (Faleide et al., 2008). Seafloor
spreading between Norway and Greenland began in the Early
Cenozoic (Eldholm and Thiede, 1980). Uplift and erosion was
predominant in the entire SW Barents Sea during the Cenozoic
(Faleide et al., 1996).

• The primary dataset for this study consists of multiple 2D
seismic reflection data, 3D seismic data, core photographs
and wireline logs from two boreholes. The 2D seismic
data are a high quality, high-resolution dataset composed
of 79 lines with a grid spacing of 4 × 4 km. Line
orientation is NE–SW for some lines, which is
perpendicular to the orientation of the basin and NW–SE
for the other lines (Fig. 1b). The seismic lines are in the
time domain and are zero-phase at the seabed. With a
dominant frequency of 50 Hz and interval velocity of 2200
m/s the vertical resolutions for the seismic data is ~ 11 m.
• The two exploration wells used in this study are 7216/111S that penetrated down to the Late Cretaceous interval
at a measured depth of 4027 (m) and 7316/5-1, which
intersected the Paleocene interval at a depth of 4239 (m).

The Late Paleozoic to present-day development of the Barents Sea region can be described in
terms of five major depositional phases. These phases partly reflect the continuing northwards
movement of this segment of the Eurasian plate from the equatorial zone in the Mid-Devonian–
Early Carboniferous up to its present-day high Arctic latitudes, resulting in significant climatic
changes through time.

• Further interpretation of the lithology and sedimentary
structures within the intersected intervals derives from
photographs of conventional cores and samples. Cutting
descriptions from the mud logs provided additional
information for interpretation of the lithology.
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Regionally, sediment of the Sotbakken and Nordland Groups are well preserved in the
Sørvestsnaget Basin and on the western flank of the Veslemøy High. Here, they are
presented as westerly-dipping clastic wedges overlying faulted Early Mesozoic and
Palaeogene sediments. This pattern entirely is contrast to the geology of the Loppa
High and Tromsø Basin, where sediment of Paleozoic and Early-Mid Mesozoic are
preserved. Nonetheless, significant erosion and uplift in the Barents Sea are marked by
the presence of regional unconformities such the URU.
SW

Line 4

Sørvestsnaget Basin

INTERNAL
COMPOSITION

NE
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Three types of sands were identified within the Cenozoic interval. Middle
Eocene sandstones from both 7216/11-1S and 7316/5-1 and later Miocene
sandstone within the Torsk Formation in 7316/5.1. The principal sandstone
is the Middle Eocene sandstone.

5. Description of Eocene sands (Biostrat & Cores)
(a)-(c) Descriptions of core photos Middle Eocene sandstone from borehole
7216/11-S above. Biostratigraphy analysis from Ryseth et al., 2003 revealed
that the Middle Eocene sandstone at borehole 7216/11-1S was deposited in
the deep, oxygen-depleted marine depositional environment. The core
contains a continuous succession, of agglutinated foraminifera and pyritised
diatoms, but lacking calcareous microfossils. Grey to dark grey mudrocks
with limestone/dolomite stringers and scattered traces of very fine- to finegrained reservoir sandstone that contains abundant reworked Early Jurassic
palynomorphs.
(d) and (e) are core
photos and descriptions
of Miocene sandstone
from borehole 7316/5-1.
(f) and (g) are core
photos and descriptions
of Middle Eocene
sandstone from borehole
7316/5-1

Early Eocene Sand

Eo1
Eo2

Seismic facies analysis include the description and geologic
interpretation (environmental setting, lithofacies, etc.) of
seismic reflection parameters. (Mitchum et al., 1977). Seismic
facies analysis was done to identify specific signatures
indicative of relative sea level change and to discriminate
sediments related to glacial processes from non-glacial
sediments within the Neogene interval .
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Cenozoic deposits are widespread throughout the
Barents Sea. The mudrock-dominated Palaeogene
succession are part of the Sotbakken Group and has
been related to a deep marine shelf environment,
whereas a marine to glacial marine setting has been
suggested for the Neogene deposits of Nordland
Group (Dalland et al. 1988; Nøttvedt et al. 1988).
Furthermore, on seismic section the top Eocene
sand is reflected as high amplitude reflections that
is severely faulted.

Interpreted
TWTT (ms)

A flowchart is presented below to show the general methods
used in this study. On seismic dataset, several horizons that
were dated from Paleozoic to Cenozoic are interpreted.
These horizons are correlated to their equivalent well tops
within the available wellbores. Three cores were available
from both 7216/11-1S and 7316/5-1 and their descriptions
were based on biostratigraphic analysis from the literature.
To find evidence for sand transport within the clastic
wedges, attention was given to the identification of
channels and canyons. Seismic attribute analysis to identify
channels include the use of reflection strength and RMS
amplitude.

4. Character of Eocene sands (Well data)

3. Seismic interpretation

TWTT (ms)

2. Methods/Research workflow

VE=10:1

Core photographs © of
the Norgewian
Petroleum Directorate
(NPD). For further
details see the works of
Ryseth et al., 2003
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5. Sequence stratigraphic analysis

6. Sediments conduits and Provenance of sands

8. Implications for hydrocarbon prospectivity
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Five sequences were interpreted from the Eocene to Recent interval.
Lithology and biostratigraphic information was obtained from borehole
7216/11-1S (Ryseth, et al., 2003). The sequences are separated by
maximum flooding surface (mfs.), condensed section and a sequence
boundary (SB) that is correlated from wells to seismic for hundreds of
kilometers.

Channels on reflection strength are
shown as linear features.
0m

N-S transport
of sands from
Stappen High

Sands
transport

Line 4

Potential within the
sands!

Channels

Canyons

Sands within the channels are reflected as
high amplitude features on RMS time slice.

7. Barriers to transport of sands
The first sequence is the base of the Paleogene unit revealed as low and
high basement configuration. This sequence is succeeded by a
transgressive system tract (TST) dominated by deposition of deep marine
sediments after a relative sea-level rise. Biostratigraphy data from well
7216/11-1S revealed stratigraphic breaks on the Late Eocene to Miocene
age condensed section.

The shelf-edge position is easy
to map on Lines 1 to 4. Hence,
the sea-level conditions and
sediment input over time can be
inferred. At low-sea level,
canyons can incise the shelf and
slope and deposits sands.
Biostratigraphic data shows the
Middle Eocene sands are
reworked Jurassic sands. Hence,
the ponding of sands within
structural highs such as
Veslemøy High and surrounding
local highs.
SW

Line 7

The effect of structure as control on
deposition of the sands is key to mapping
the sands regionally especially on the
margin of the Veslemøy High where the
sands have been compartmentalized by
faults.
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• Cenozoic siliciclastic sediments on the western Barents Sea were sourced
from the Stappen High. The Mid-Eocene sandstones have good reservoir
potential and are restricted to depocentres on the flanks of intrabasinal
highs.
• These highs form barrier to transportation of the sands and aided
localized ponding of the sands in the Sørvestsnaget Basin. Mid-Eocene
sands are rarely transported to the southern part of the Barents Sea as
most of the highs in these regions predated sand transport.
• The Stappen High has been tectonically active since Late Paleozoic with
most of the deformation on the High connected to the Paleogene
opening of the Norwegian and Greenland Seas. The Veslemøy High has
been tectonically isolated since Cretaceous to Early Cenozoic justifying
the presence of a 1m sand found within the Byrjke well. In addition, the
Sørvestsnaget marginal High and a new high mapped on the western
margin of the Tromsø Basin have been likely reactivated in Oligocene
times. Hence the lack of Miocene-Eocene sands and conduits in the
Sørvestsnaget Basin.
• The preponderance of channels and canyons within the Neogene rocks
provide evidence for sea-level fall and siliciclastic transport prior Neogene
glaciations.

BCn

Uplift of the marginal high in Oligocene to Miocene times influenced the
development of an early HST during Neogene. This is followed by
deposition of shallow marine sediments and emergence of a late HST in
Early Quaternary. Relative low sea-level fall during middle Quaternary
forced the development of a shelf margin towards the south west, with
the top of the SMST was eroded by the URU. In Late Quaternary, the
Sørvestsnaget Basin witnessed a relatively sea-level rise evidenced by the
back-stepping TST before glaciation.

New Eocene
fairway
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