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The Sorvestsnaget Basin is a major Cenozoic depocentre in the southwest Barents Sea. A relatively complete Paleocene - Middle Eocene succession is
seen, including deposits of Early Paleocene (Danian) - Early Eocene, and Middle Eocene age. Deep marine conditions persisted throughout the
Early Paleocene - Late Eocene, with emplacement of significant sandy submarine fans during the Middle Eocene. Deposits of Late Eocene - Late
Miocene age are condensed, with several stratigraphic breaks. Significant marine shallowing took place at the Eocene - Oligocene boundary, and
shallow marine conditions persisted throughout the Oligocene - Miocene. A thick wedge of Upper Pliocene - Pleistocene glacial erosion products
truncates the older Cenozoic strata.

The Sorvestsnaget Basin is bounded to the west by the oceanic Lofoten Basin, and it's Cenozoic evolution is consequently affected by the opening of
the Norwegian - Greenland Sea. The new well data, however, do not support earlier notions of widespread uplift in the Servestsnaget Basin associ-
ated with Early Eocene crustal break-up. However, a phase of differential subsidence and uplift between the Servestsnaget Basin and the flanking
Veslemoy High/Senja Ridge occurred in the Early - Middle Eocene, and marine shallowing at the Eocene - Oligocene boundary may be coeval with
a phase of tectonism induced by the plate tectonic movements.
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Introduction

Hydrocarbon exploration in the Barents Sea commen-
ced in 1979 (5th Norwegian licensing round). Prior to
the year 2000, 53 exploration wells had been drilled,
proving total hydrocarbon resources of about 288x106
Sm3 oil equivalents (Knutsen et al. 2000), of which
approximately 90% occur in the Hammerfest Basin
(Fig. 1). However, most of the wells drilled have failed
to prove significant hydrocarbons, and all the discove-
ries are so far considered to be non-commercial or only
marginally commercial. This lack of success is com-
monly attributed to the Neogene to Recent regional
uplift and erosion, which has led to the removal of up
to 500 - 2000 m of rocks over large areas (e.g. Riis &
Fjeldskar 1992; Doré & Jensen 1996; Knutsen et. al.
2000), causing leakage from former hydrocarbon accu-
mulations.

Thick and relatively complete Cenozoic successions
occur along the western margin of the Barents Sea (Fig.
la), particularly in the Servestsnaget Basin (Knutsen &
Larsen 1997), in the Vestbakken Volcanic Province
(Rasmussen et al. 1995; Eidvin et al. 1998; Knutsen et
al. 2000), and also further north along the margin bet-

ween the Stappen High and Svalbard (Grogan et al.
1999). Well 7316/5-1 (Vestbakken Volcanic Province;
Fig.1b) penetrated approximately 3,5 km of Cenozoic
strata, and proved the existence of a minor gas accumu-
lation in Middle Eocene sandstones (Knutsen et al.
2000). Although non-commercial, the discovery docu-
mented the existence of a Cenozoic hydrocarbon play.

Following the 1996 announcement of the "Barents Sea
Project” by the Norwegian authorities, approximately
14.5 blocks (app. 4670 km?), defined as "Seismic Area
A" (Fig.1b) were awarded to a group consisting of Elf,
Mobil, Saga, Statoil and Norsk Hydro (operator) in
1997. Subsequently, about 5700 km of 2D seismic data
(survey NH9702) and 2000 km?2 of 3D seismic data
(survey NH9803) were acquired during 1997 and 1998,
along with 4 deep seismic lines, a regional high resolu-
tion aeromagnetic survey, and 2 ocean bottom seismo-
graphs (OBS). The evaluation of the seismic area was
concluded in 1999, by the selection of production
license PL 221 (Fig.1b) by Norsk Hydro, Statoil and
Total/Fina/Elf.

Well 7216/11-1S was drilled during the summer of
2000 to test the Cenozoic hydrocarbon play of the Seor-
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vestsnaget Basin. The well was spudded in water depths
of 361 mMSL (mean sea level) and terminated at a total
depth of 4215 mMSL (true vertical depth is 3709
mMSL due to a deviated well path) in rocks of Early
Paleocene (Danian) age. Although dry, the well proved
the existence of significant Middle Eocene reservoir
sandstones, and provided new stratigraphic informa-
tion from an unexplored part of the Norwegian shelf.
The aim of this study is to assess the Cenozoic evolut-
ion of the Servestsnaget Basin on the basis of the new
data, with emphasis on stratigraphy, sedimentology and
structural development.

Geological setting

The Barents Sea area has undergone several phases of
tectonism and sedimentation since the Devonian, even-
tually leading to crustal break-up and sea floor sprea-
ding in the north Atlantic rift. At least five phases of
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basin development are widely recognizable throughout
the area, i) Late Devonian - middle Carboniferous rif-
ting, ii) Late Carboniferous - Permian carbonate plat-
form development, iii) Triassic - Cretaceous siliciclastic
shelf development, iv) Early Cenozoic crustal break-up,
and v) Late Cenozoic passive margin development
(Nottvedt et al.1992).

The present continental margin of the western Barents
Sea and Svalbard (Fig.1a) extends about 1000 km in a
broadly NNW direction. It comprises three major
structural segments, including a southern, sheared
margin along the Senja Fracture Zone, a central volca-
nic rift segment (Vestbakken Volcanic Province; see
Gabrielsen et al. 1990), and a northern, sheared and
subsequently rifted margin along the Hornsund Fault
Zone. The NNW-oriented zone (collectively referred to
as the "de Geer zone" by Harland, 1969) also includes
the Trolle Land fault zone of North Greenland (see Peel
and Senderholm, 1991 and papers therein; Breivik et al.
1998). Furthermore, it may link with the Proterozoic
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Fig. 2. Seismic section across the study area. The identified reflectors illustrate the pre-drill stratigraphy inferred for the well. Below the Base
Miocene/Pliocene reflector, a succession of Palaeogene strata was prognosed above a thick interval of assumed Late Cretaceous age. A domal,
partly fault-bounded structure is present at the Middle Eocene level and a deeper horst-like structure is present at the Paleocene - Early Eocene
level. The Middle Eocene and Paleocene - Early Eocene structures formed the main reservoir  targets for the well. Significant sandstones were
only present in the Middle Eocene. For location, see Fig. 1b. A geoseismic representation of the cross-section, based on new stratigraphic data, is
shown in Fig. 9.
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Bothnia - Senja shear zone to the south (Doré et al.
1997), testifying to its long-lived existence as a tectonic
lineament, even prior to the Caledonian orogeny.

The Cenozoic evolution of the Senja Fracture Zone
(southern sheared margin) is closely linked to the ope-
ning of the Norwegian - Greenland Sea (e.g. Talwani &
Eldholm 1977; Myhre et al. 1982; Eldholm et al. 1987;
Faleide et al. 1991, 1993a, 1996; Véignes 1997; Skogseid
et al. 2000). Véagnes (1997) inferred three main phases,
in accordance with the plate tectonic history; 1) conti-
nent - continent transform prior to crustal break-up
(Early Eocene, magnetic anomaly 24A, Fig.1a), 2) ocean
- continent transform as the Atlantic spreading ridge
propagated northwards along the shear zone (Eocene -
earliest Oligocene), and eventually 3) a passive conti-
nental margin with no shear movement as the sprea-
ding ridge shifted still further to the north. Since the
Oligocene, oceanic crust is developed along the entire
continental margin between Norway and Svalbard, lea-
ding to subsidence of a passive margin and deposition
of a thick Neogene sedimentary wedge coincident with
wide-spread uplift and erosion of Svalbard and the
Barents shelf to the east (e.g. Nottvedt et al. 1988; Vor-
ren et al. 1991; Faleide et al. 1996).

The southwest Barents Sea area (Fig.la), including the
Servestsnaget Basin (app. 71°-73°N, 15°-18°E) and the
nearby Bjerneya, Tromse and Harstad basins, is a pro-
vince of particularly deep Cretaceous and Cenozoic
basins. Gabrielsen et al. (1990) suggested that the Ser-
vestsnaget Basin has experienced significant subsidence
since the Early Cretaceous, providing accommodation
space for a substantial thickness of Cretaceous and
Cenozoic sediments. Breivik et al. (1998) noted that the
Servestsnaget-, Bjorngya- and Tromse basins show
equal rates of Early Cretaceous subsidence, with the
Servestsnaget Basin subsequently showing more pro-
nounced Late Cretaceous and Cenozoic subsidence
than the Tromse- and Bjerneya basins, indicating a
temporal, westward migration of the tectonic activity,
towards the transform margin. Faleide et al. (1993b)
noted that the basin has been affected by major tecto-
nism during the early Cenozoic break-up ("Tertiary
marginal basin"), involving repetitive phases of vertical
motion, erosion and sedimentation. Particularly, Early
Eocene uplift concurrent with crustal break-up, and the
development of a regional break-up unconformity, has
been inferred (Seettem et al. 1994; Vignes 1997).

The Senja Fracture Zone (see above) separates the
Lofoten Basin (Fig.1a), which contains ca. 5 - 7 km of
mainly Neogene sediments (Faleide et al. 1993b) above
the oceanic crust, from the Servestsnaget Basin. The
transition from oceanic to continental crust occurs
over a ca. 20 km wide zone (Faleide et al. 1993b; Breivik
et al. 1998; Mjelde et al. 2002), and encompasses a mar-
ginal high (Fig.1b) along the western margin of the

A. Ryseth et al.

Servestsnaget Basin. This marginal high is characteri-
zed by truncation of Palaeogene strata, as inferred from
seismic data (Brekke & Riis 1987; Faleide et al. 1993a,b;
Knutsen & Larsen 1997; Vignes 1997; Brevik et al.
1998). It probably originated during the Late Paleocene
- Early Eocene opening of the Norway - Greenland Sea,
and may have been re-activated/ uplifted in the Early -
Middle Oligocene, possibly by transpressional tectonics
induced by a change in the location of spreading poles
between the Greenland and Eurasian plates (Knutsen &
Larsen 1997). Geophysical modelling of ocean bottom
seismic data (OBS) and potential field data (Mjelde et
al. 2002) indicate that igneous intrusions are present at
about 9,5 km along the marginal high, suggesting that
the initial uplift was in part related to magmatism
during break-up. There is, however, no evidence for
magmatic underplating of the crust, as was the case for
the outer high of the Vering Basin to the south, which
formed by contemporary (?) massive flood basalt
extrusion during crustal break-up (Skogseid et al. 1992,
2000).

To the north, the Vestbakken Volcanic Province (Fig.1a)
with Early Eocene and Pliocene magmatism (see
Faleide et al. 1988; Mork & Duncan 1993; Settem et al.
1994; Rasmussen et al. 1995) is separated from the Sor-
vestsnaget Basin by a zone of NE-trending normal
faults. This fault zone shows significant Paleocene rota-
tional faulting (Sattem et al.,1994; Breivik et al. 1998),
and is linked to the NNE-oriented Knolegga Fault Zone
(Fig.1b) to the northeast, separating the Vestbakken
Volcanic Province from the Stappen High. The Stappen
High was uplifted during the Cenozoic due to shearing
along the Hornsund Fault Complex (Gabrielsen et al.
1990).

To the east/northeast, the Servestsnaget Basin is separa-
ted from the Bjorngya Basin by a Cenozoic normal
fault system ("Tertiary hinge-line" of Faleide et al.
1988). To the east and southeast, the Servestsnaget
Basin is bounded, and partly separated from the
Tromse Basin, by the Veslemgy High and the Senja
Ridge (Fig.1b). The highs are basement-supported and
have been active during several tectonic phases, but
became positive features during Late Cretaceous and
Early Cenozoic faulting and salt mobilization in the
adjacent basins (Faleide et al. 1993b; Breivik et al.
1998). Some limited compressive strike-slip movement
may have been involved in the Late Cretaceous structu-
ring, although both highs are separated from the Ser-
vestsnaget Basin by west-stepping normal faults
(Gabrielsen et al. 1990; Faleide et al. 1993a,b; Breivik et
al. 1998). The southern boundary with the Harstad Basin
is poorly defined, but possibly marked by NE-trending
faults at the southern extension of the Senja Ridge.

Geophysical mapping of the Servestsnaget Basin (Brei-
vik et al., 1998) shows the existence of two main depo-
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centres (Fig.1b), located to the north and south of the
Veslemoy High, respectively. Large-scale salt diapirism
of inferred Middle - Late Eocene age is seen in the sout-
hern area, and also in the Tromse¢ Basin to the east
(Knutsen & Larsen, 1997). Breivik et al. (1998) related
the subsidence of the southern depocentre to salt
movement, and inferred extensive Late Cretaceous -
Early Paleocene pull-apart faulting to account for the
northern depocentre.

Due to the extreme Cretaceous and Cenozoic subsi-
dence, little is known about the pre-Cretaceous strati-
graphy of the Servestsnaget Basin. Ocean bottom seis-
mographs and potential field data (Mjelde et al. 2002)
indicate that crystalline basement is present at about 17
km underneath most of the basin. The presence of salt
diapirs and related structures in the southern part of
the basin also show that the area probably commenced
as a sedimentary basin in Late Palaeozoic times (e.g.
Knutsen & Larsen 1997), eventually becoming part of
a Carboniferous - Permian sag basin which may have
included the entire Barents Sea (Gudlaugsson et al.
1998).

Gravity models constrained by seismic data indicate
that the Base Cretaceous/Middle Jurassic level may be
as deep as 14 - 17 km in the basins' two depocentres
(Fig.1b), with an average burial depth of about 12 km
throughout most of the area (Mjelde et al. 2002). This
implies that about 5 km of Upper Palaeozoic - Lower
Mesozoic strata are present. Furthermore, the Base Cre-
taceous surface may be buried to about 9 - 10 km, whe-
reas the mid-Cretaceous level may be buried to about 7
- 8 km (Mjelde et al. 2002).

Cenozoic deposits are widespread throughout the
Barents Sea. A mudrock-dominated Palacogene succes-
sion (Sotbakken Group) has been related to a deep
marine shelf environment, whereas a marine to glacial
marine setting has been suggested for the Neogene
deposits (Nordland Group) (Dalland et al. 1988; Nott-
vedt et al. 1988). In the Hammerfest Basin to the east,
Palacogene marine mudrocks rest unconformably on
Cretaceous strata, with a marked Maastrichtian -
Danian depositional break (Dalland et al. 1988; Knut-
sen et al. 1992; Faleide et al. 1993b). Furthermore, these
deposits are truncated and separated from Pleistocene
strata by a regional unconformity (upper regional
unconformity, URU; e.g. Vorren & Kristoffersen 1986).
Oligocene and Neogene strata are preserved to the west
(Eidvin et al. 1993, 1998). Nottvedt et al. (1988) infer-
red that broad subsidence in the Barents Sea and conti-
nental shelf of northern Greenland produced a large
epeiric, marine basin during the Paleocene. This epi-
continental setting, however, terminated in the Early
Eocene due to rifting and volcanism associated with
crustal break-up. Glaciations probably have affected the
area since the Late Pliocene, manifested by the deposi-
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tion of the thick clastic wedge (Seettem et al. 1994;
Faleide et al. 1996).

The Cenozoic stratigraphy of the Servestsnaget Basin
has previously been investigated from reflection seismic
data (see also Fig. 2). Knutsen and Larsen (1997) docu-
mented the existence of significant Palacogene and
Neogene seismic units, separated by a major unconfor-
mity of inferred intra-Miocene age. Below the uncon-
formity Knutsen & Larsen (1997) indicated the exi-
stence of significant Paleocene - Middle Eocene depo-
sits, possibly extending into the Early Oligocene -
¢Early Miocene. The Neogene succession above the
unconformity forms the west-dipping wedge of Neo-
gene - Quaternary erosion products from the uplifted
Barents shelf to the east. Breivik et al. (1998) inferred a
maximum thickness of about 4 km for the Cenozoic
succession in the northeast part of the Servestsnaget
Basin, with the Palaeogene succession being the thickest
unit (app. 3 km). In the forthcoming sections, the stra-
tigraphic observations from well 7216/11-1S will be
tied to the adjoining areas, particularly the Vestbakken
Volcanic Province and the intrabasinal highs (Senja
Ridge and Veslemey High).

Study area

The study area (Fig.1b) is located in the axial to western
part of the Servestsnaget Basin, to the northwest of the
southern salt-related depocentre, between the Veslemoy
High and the western, marginal high. Reflection-seis-
mic data across the well site and the main part of the
basin are shown in Figure 2. The cross-section includes
the transition to the Lofoten Basin and the western
marginal high (app. CDP 3000; Fig. 2), and a major salt
diapir to the southeast (app. CDP 7500; Fig. 2) of the
well. The upper part of the section (Fig. 2) is characte-
rized by a major wedge of west-dipping reflectors
(down to about 2230 ms at the well trajectory), repre-
senting the Neogene clastic wedge of the western
Barents Sea (e.g. Eidvin et al. 1993, 1998).

Below the wedge, several strong reflections of inferred
Paleocene - Eocene age at about 2500 - 3500 ms. reveal
a series of rotated fault blocks between the marginal
high and the salt diapir (CDP 3000 - 7000, Fig. 2), pro-
bably formed by extensional faulting during crustal
break-up. The well was drilled into an identified faulted
anticline at the intra-mid-Eocene level and further into
a rotated Paleocene - Eocene fault block to test the pro-
spectivity of the Paleocene interval. The well's total
depth point (TD) is dated as Early Paleocene, and there
is no clear definition of the Cretaceous/Cenozoic boun-
dary. However, a reflection band at about 5000 ms in
the western part of the cross-section may correspond to
a mid-Cretaceous (intra-Albian?) level, as a thick suc-
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cession of Late Cretaceous age is inferred in the area
(see above; Breivik et al. 1998). The well provides a
unique data set as regards the Cenozoic stratigraphy
and evolution of the Servestsnaget Basin, which will be
discussed in detail below.

Database

Approximately 36000 km of 2D reflection seismic data
have been acquired along the western margin of the
Barents Sea, all of which have been made available. The
primary seismic database, however, is the NH9702 and
NH9803 surveys. The 2D survey NH 9702 comprises
5752 km of reflection seismic data, including four deep
seismic lines, and covers the seismic area in a line spa-
cing of 1 x 2 km. The 3D seismic data set (NH9803) of
2000 km? covers PL 221 (Fig.1b). The seismic data are
used to analyse structural and stratal patterns. Three
geoseismic sections are constructed, to examine and
compare the Cenozoic stratigraphy of the Servestsnaget
Basin to the Senja Ridge, Veslemgy High and Vestbak-
ken Volcanic Province. The data quality of the 2D data
varies from good in the north to poor to the south,
whereas the 3D data are generally of good quality.

Two cores were cut in well 7216/11-1S, at 2964 - 2972,4
mMSL and 4206 - 4214 mMSL, and a sedimentological
description and interpretation is given. Lithological
data reported during drilling are used to derive a litho-
logical coloumn for the Cenozoic. Furthermore, the
drilled section from 1006 - 4215 mMSL has been analy-
sed for biostratigraphy by a combination of quantita-
tive palynology and semi-quantitative micropaleonto-
logy from core chips, sidewall cores and ditch cuttings.
The biostratigraphic data are used to date the Cenozoic
sequences and the main stratigraphic breaks, and are
also used to correlate Well 7216/11-1S to other wells in
the area, based on published accounts (Eidvin et al.
1993, 1998) and Norsk Hydro in house data. Depths are
generally referred to mean sea level (mMSL), except for
wireline log sections shown in Figures 5 and 8, which
are referred to the rig's Kelly Bushing (mRKB), 24m
above sea level. The assigned stratigraphic ages follow
the timescale of Hardenbol et al. (1998), and the litho-
stratigraphic nomenclature follows Dalland et al. (1988).

Cenozoic stratigraphy and facies of well

7216/11-1S

Time-stratigraphic breaks

Figure 3 summarises the lithology and stratigraphy of
well 7216/11-1S, along with a number of seismic ties to
the well. The drilled section comprises two main units
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Fig. 3. Stratigraphic and lithological summary of well 7216/11-18,
Sorvestsnaget Basin. Depths are not corrected for the inclined well
path. Due to well deviation, the true vertical thicknesses of the Nord-
land and Sotbakken groups are 1976 m and 1372 m, respectively. The
total depth point (TD) is located in strata of Early Paleocene
(Danian) age.

of Palaeogene and Neogene age, corresponding to the
Sotbakken and Nordland lithostratigraphic groups
(Dalland et al. 1988), respectively. There is biostrati-
graphic evidence for a total of 6 time-stratigraphic bre-
aks in the Early Eocene - Pliocene interval, 4 of which
occur in a condensed interval of Late Eocene - Miocene
age. Furthermore, a basal Pleistocene unconformity
(URU, Fig. 3) has also been defined from the seismic
data. The time-stratigraphic breaks are important for
understanding the stratigraphy, and will be outlined in
some detail.
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A break of approximately 3.5 Ma is identified at the
Early - Middle Eocene boundary (49 Ma sensu Harden-
bol et al. 1998), as strata of Late Ypresian age are mis-
sing from the section. Seismic data (Fig. 2, see also Fig.
9 below) indicate that this break may be caused by a
normal fault at the well trajectory. However, erosion
associated with this break can be inferred from seismic
data (T100 re-flector in Fig. 3, see also below), where
truncation of underlying deposits can be seen, particu-
larly towards the eastern basin margin. Furthermore,
deposits of Middle Eocene age seem to on-lap this
boundary from the east. The origin of this break and its
possible relation to the opening of the Norwegian -
Greenland Sea will be discussed in the forthcoming
paragraphs, as widespread Early Eocene uplift during
crustal break-up has been inferred for the Servestsna-
get Basin (e.g. Seettem et al. 1994; Vagnes 1997).

The Middle - Upper Eocene succession is apparently
complete. However, a minor time-stratigraphic break
(0.5 Ma or less) is present at the Late Eocene - Early
Oligocene boundary (33.7 Ma, Hardenbol et al., 1998).
The seismic data also show truncation of inferred
Upper Eocene strata below this surface (t160, Fig. 3). A
more significant break is recognized at the Early - Late
Oligocene boundary (28.5 Ma), with a possible dura-
tion of less than 4 Ma. This unconformity has no clear
seismic definition, as the Oligocene succession is thin
(app. 100 m) and apparently condensed.

The most significant time-stratigraphic break is recor-
ded at the Oligocene - Miocene boundary. Deposits of
Early- to (earliest) Middle Miocene age are not present
in the section, with Middle Miocene (Serravallian)
strata resting on Upper Oligocene (Chattian) deposits.



114 NORWEGIAN JOURNAL OF GEOLOGY

A break of about 13 Ma is therefore suggested at this
level. A time-stratigraphic break of less than 2 Ma is
further seen at the Middle - Late Miocene boundary
(11.2 Ma), dividing the Miocene interval into two stra-
tigraphic units.

A break of about 2 Ma is also indicated at the Miocene -
Late Pliocene boundary (base of the Neogene wedge),
the Lower Pliocene being mainly missing. The erosive
character of the basal Pliocene surface (1250, Fig. 3) is
clear from the seismic data. Truncation of successively
older strata is evident towards the eastern basin margin
(see below). Furthermore, deposits of Late Paleocene -
Miocene age are truncated below this surface across the
marginal high to the west.

Paleocene - Early Eocene (3166 - 4215 mMSL)

Above a thin unit of Danian deposits (see below) the
Paleocene - Lower Eocene section comprise deposits of
Late Paleocene (Selandian - Thanetian) and Early
Eocene (Ypresian) age. The biostratigraphic data indi-
cate a complete Upper Paleocene - Lower Eocene suc-
cession. Agglutinated foraminifera occur throughout,
associated with pyritised diatoms and radiolaria. The
section also contains abundant reworked microfossils
of Late Cretaceous (mainly Campanian) age.

Figure 4 shows a graphic log of a bottom hole core
(core #2; Fig. 3), below the Danian - Selandian boun-
dary at 4186 mMSL. The cored section comprises a
dominant background lithology of dark grey, lamina-
ted mudrock, with streaks and lenses of siltstone and
very fine-grained sandstone occurring throughout. The
silty/sandy lamina are usually planar, with sporadic
small-scale cross-lamination. Bioturbation is generally
weak, but comprises a suite of small traces, including
Chondrites, Helmintopsis and Terebellina.

A unit (3796 - 4186 mMSL) of Late Paleocene (Selan-
dian) age overlies the Danian interval (Fig. 3). These
deposits are dominated by greyish mudrocks, with tra-
ces of very fine- to fine-grained sandstone. Further-
more, stringers of limestone and dolomite occur
throughout, and the section is also characterized by
abundant siderite. The remaining Late Paleocene inter-
val (3346 - 3796 mMSL) is of Thanetian age. Varicolou-
red, grey, greenish to blackish mudrocks dominate
throughout, associated with limestone/dolomite string-
ers and traces of very fine to fine-grained sandstone.
Notably, volcanic, tuffaceous fragments occur relatively
frequently at this level (particularly at 3531 - 3701
mMSL, see Fig. 3). Lower Eocene (Ypresian) deposits
(3166 - 3346 mMSL) are totally dominated by light to
dark grey mudrocks with carbonate-cemented stringers.

The completely fine-grained nature of the Paleocene -
Lower Eocene succession is indicative of deposition in a
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generally low-energy marine environment. Further-
more, the microfaunal evidence (agglutinated benthic
foraminifera, pyritised diatoms, lack of open marine
planktonic foraminifera) is indicative of a poorly oxy-
genated deep marine shelf or bathyal environment.
Based on the presence of reworked (Campanian) paly-
nomorphs, significant sediment contribution from a
Late Cretaceous source area can be assumed. The
observed volcanic material is older than the tuffaceous
Tare Formation (Early Eocene) on the mid-Norwegian
shelf, and may reflect Late Paleocene volcanic activity
in the area, i.e. prior to the crustal break-up.

The inferred, deep marine setting is further supported
by the facies seen in the cored section (Fig. 4). The
dominance of dark mudrocks testifies to deposition by
suspension fall-out in an oxygen-depleted subaqueous
environment, as can also be inferred from the observed
burrowing traces (Chondrites, Helmintopsis). The fre-
quent occurrence of planar- to cross-laminated silty-
sandy lamina sets and lenses (Fig. 4) indicates weak, but
time-persistent agitation of the bottom sediment by
currents. The agitation may be due to periodic storms
introducing coarser clastic material from shallow
marine environments, or may reflect the more continu-
ous activity of oceanic currents on the deep marine
bottom sediment.

Middle Eocene (2486 - 3166 mMSL)

Middle Eocene (Lutetian - Bartonian) strata rest with a
possibly faulted stratigraphic break on Lower Eocene
deposits. The biostratigraphic data show a continuous
succession, dominated by agglutinated foraminifera
and pyritised diatoms, but lacking calcareous microfos-
sils. Grey to dark grey mudrocks with limestone/dolo-
mite stringers and scattered traces of very fine- to fine-
grained sandstones dominate throughout (see Fig. 3),
with the notable exception of a significant sandstone
unit (2888 - 3102 mMSL) within the Lutetian interval
(2546 - 3166 mMSL; see Fig. 3). This is the only signifi-
cant reservoir sandstone penetrated by the well and
contains abundant reworked Early Jurassic palyno-
morphs.

Figure 5a shows the stratigraphy, log response and lit-
hology of the sandy Middle Eocene interval. The 214 m
thick (135 m true vertical thickness) reservoir unit
comprises sharply bounded (blocky GR-response)
sandstone beds of variable thickness (maximum 16 m),
intercalated with the background mudrocks. The total
sandstone content of the interval is about 30%. The
seismic cross-section (Fig. 5b) shows the sandstone as a
unit of increased amplitudes within a more opaque
seismic background. Furthermore, the sandy interval
appears rather deformed, with an irregular base, occasi-
onally forming laterally discontinuous lenses of sand-
stone within the associated mudrock. The reflection
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intensity map (Fig. 5¢) shows a NNW-oriented high-
intensity belt (sandstone) pinching out rather abruptly
to the west. A number of possible mud diapirs can also
be observed (Fig. 5b,c) within the inferred sandstone belt.

A cored section (Fig. 6; core #1 in Fig. 3), cut about 70
m below the top of the reservoir sandstone unit, com-
prises a lower interval of intercalated mudrocks and
sandstones (2966,1 - 2972,4 m), overlain by a thicker
sandstone unit (2964 - 2966,1 m). The lower interval
comprises three fine-grained sandstone beds, each with
sharp upper and lower boundaries. The basal bed con-
tains abundant cm-size mudclasts showing some planar
lamination above. Otherwise, the sandstone beds show
a massive texture, associated with dish structures (Fig.
6: 2967,5 m) and soft sediment deformation features,
particularly convolute laminations. The associated
mudrocks are light grey, with a well-defined lamina-
tion. Furthermore, thin silty to sandy lamina and lenses
occur, particularly in the section below 2970,2 m. A
thin injected sand layer cuts through the primary lami-
nation (Fig. 6: 2970,6 m). Sideritic nodules and lamina
occur at irregular intervals, locally forming dm-thick
units (Fig. 6: 2968,2 m). Bioturbation is weak throug-
hout, and comprises scattered traces of Chondrites and
possible Zoophycos.

The overlying sandstones (above 2966,1 m, Fig. 6) show
a sharp basal contact with the subjacent mudrock, with
the basal boundary being rather parallel to the lamina-
tion seen in the underlying deposits. Internally, the unit
comprises stacked and amalgamated dm-thick beds of
fine-grained sandstone. Bed contacts are usually sharp
and occasionally draped by stretched-out mudclasts
(Fig. 6: 2964,5 m). The overall sandstone texture is rat-
her massive and occasionally associated with parallel
lamination and dish structures.

The biostratigraphic data indicate a deep, oxygen-
depleted marine depositional environment (diverse
assemblage of agglutinated foraminifera, pyritised dia-
toms, no calcareous microfossils) for the Middle
Eocene. The integration of core data, wireline logs and
seismic attributes further indicate that the sandstone
emplacement occurred by gravity-driven deposition in
a submarine fan/channel environment.

The bedded and amalgamated nature of the cored
sandstones, the invariably sharp upper and lower bed
boundaries, and the lithofacies types (mainly massive
sandstones associated with dish structures) are related
to vertical stacking of sandy, high-density turbidites
(e.g. Kneller & Branney 1995; Stow & Johansson 2000).
The massive sandstone facies was rapidly deposited
from sandy, turbid flows, whereas the associated dishes
formed during subsequent water escape. The mudclasts
at the base of individual beds indicate erosion of the
underlying basin plain deposits by sediment rip-up.

Cenozoic evolution of the Sarvestsnaget Basin 117

This may indicate a possible channelised setting, with
the rapid westerly termination of the high seismic
amplitudes suggesting confinement of the submarine
fan in the axial part of the basin. The reworking of Early
Jurassic palynomorphs suggests that the sandstones may
have been sourced by erosion of the Nordmela and Ste
formations, which are known reservoir-quality sandsto-
nes, particularly in the Hammerfest Basin to the east.

The observed ichnofacies of Chondrites and possible
Zoophycos is rather characteristic of deep marine set-
tings colonized by epibenthic and endobenthic orga-
nisms (Pemberton et al. 1992). Moreover, this ichnofa-
cies can indicate a slight oxygen depletion within the
bottom sediment, and also quiet conditions well below
wave base, in good agreement with the interpretation
based on the agglutinated foraminifera (see above). The
injected sandstone layer at 2970,6 m is most likely sour-
ced from an underlying or lateral sand accumulation.
This indicates some large-scale deformation of the
entire unit.

The seismic observations (Fig. 5) can tentatively be
related to large-scale soft-sediment deformation follo-
wing emplacement of the sandy submarine fan on a
soft, water-saturated substrate. Particularly, deformed
sandstone lenses and the possible diapirs inferred from
the seismic data (Fig. 5b,c) can be related to diapirism
induced by sediment loading and density contrasts bet-
ween the newly accumulated sand and the surrounding
muddy basin-floor sediment. The deformed nature of
some of the cored sandstone beds (particularly 2967 -
2970,2 m; Fig. 6) and the existence of injected sandsto-
nes in the associated mudrock testifies to significant
post-depositional soft-sediment deformation, as is to
be expected if large-scale diapirism has occurred.

Finally, it is noted that the assemblage of agglutinated
foraminifera in the Middle Eocene and the Paleocene -
Lower Eocene successions described above, are almost
identical, and reflect rather similar, deep marine (bat-
hyal) conditions throughout Paleocene - Middle Eocene
time.

Late Eocene (2444 - 2486 mMSL)

A thin and condensed Upper Eocene (Priabonian) sec-
tion is identified. The lithology comprises varicoloured
grey, green, and brown to blackish mudrocks associated
with minor limestones. Furthermore, micropaleontolo-
gical analysis shows a marked reduction of agglutinated
foraminifera at this level. The microfauna comprises
abundant siliceous diatoms and radiolarians, whereas
calcareous, benthic foraminifera are absent.

The persistence of a similar foraminiferal microfauna
to that of the Middle Eocene indicates an equally deep,
oxygen-depleted, bathyal marine setting for the Late



118 NORWEGIAN JOURNAL OF GEOLOGY

G?Qmma cm
ay =3V
i a i i Unconf.
4 )
Stratigraphy o or_z50| 8 : Litho. Environment duration
GAPI
Z 2200 |_-_-_-_
o 3 oo
ol 2 Glacial marine
o ¢ 1
Tl e
a 8 E:
3 i
o i
O] o [Mes. 3R 2Ma
2 8|8 .
& - ENRy | Shallow marine
° =€ 2300 (diatoms)
2 o 37 B _
g = _2Ma
] c
= |2 |2 :
35| T Shallow marine
25| & )
sL| g (diatoms)
N
13 Ma
¢l s ] )
2| = Shallow marine
o 2|6 2400
é’ F I3 _3Ma
2| o 4
51.20s - )
282 Shallow marine
s | & g
= o|x
3 J
= . ~~~~—~—-0.5Ma
e o| § ]
§ 25|35 1 Deep marine
~ -8 8 | condensation
3 £ 2500
o s PP T T T o o
Do 8
o £
S| el .
o g|a 5 Deep marine
w| g P
o 2 S
3 e e
S ET
S —
s | & == - =
S ErTrETT SR
EHEESEE-EREREPT St
::1:1:| Sandstone E Dolomite
—_—_1Mudstone E Limestone

Fig. 7. Stratigraphy, lithology and depositional environments of Late
Eocene - Late Miocene strata, well 7216/11-1S. The measured depths
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Eocene. The fine-grained nature of the Upper Eocene
interval would generally testify to deposition by settling
of suspended fines in a low-energy environment.
However, the near disappearance of agglutinated for-
aminifera most likely records significant marine shallo-
wing during the latest Eocene (i.e. at the Eocene - Oli-
gocene boundary). These shallow marine conditions
persisted through the Oligocene - Miocene as well (see
below).

Oligocene - Miocene (2246 - 2444 mMSL)

The Oligocene (2346 - 2444 mMSL) to Miocene (2246 -
2346 mMSL) succession is condensed, and consists of 4
unconformity-bounded units (see also Fig. 3). The
micropaleontological data show this interval to contain
siliceous diatoms and radiolaria, with no calcareous
forms, and with only a few agglutinated foraminifera.
Lower Oligocene (Rupelian) deposits (see Fig. 7) are
entirely fine-grained, consisting of generally grey/dark
grey mudrocks. The Upper Oligocene (Chattian) inter-
val (Fig. 7) comprises grey to brown mudrocks associa-
ted with a significant limestone (cemented) bed. The
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Middle - Upper Miocene succession comprises silty
mudrocks and scattered fine-grained sand-stones, asso-
ciated with dolomite-cemented stringers.

As shown in Figure 8, Oligocene - Miocene strata on-
lap the Eocene - Oligocene boundary towards the wes-
tern marginal high of the Servestsnaget Basin, testify-
ing to the unconformable nature of the basal Oligocene
surface. Furthermore, the Upper Miocene unit is appa-
rently truncated by the basal Pliocene surface, bringing
tilted Paleocene - Eocene strata into contact with Plio-
cene strata across the marginal high.

The Oligocene - Miocene succession was probably
deposited in a shallow marine environment. On-lap of
these strata towards the western marginal high (Fig. 8)
is a clear indication that the high formed a topographic
element or at least a submarine high during deposition.
The marginal high, therefore, was re-activated at the
Eocene - Oligocene boundary. Subsequently, Oligocene
- Miocene deposits seem to have filled-in a more shal-
low marine basin confined to the west, and separated
from age-equivalent deposits in the Lofoten Basin, by
the marginal high. This aspect is further discussed
below.

Late Pliocene - Pleistocene (361 - 2246 mMSL)

The position of the basal Pleistocene boundary at about
743 mMSL (Fig. 3) is tied from the seismic data. The
first samples at 1006 mMSL are dated as Late Pliocene
on the basis of biostratigraphy. The entire section down
to 2246 mMSL contains calcareous benthonic forami-
nifera and reworked Cenozoic and Mesozoic palyno-
morphs and microfossils (e.g. Inoceramus prisms). The
influx of Operculodinium centrocarpum (a warmer-
dwelling dinoflagellate cyst) at 2204 mMSL near the
base of the succession is also noted as it may compare
to similar warm-dwelling assemblage described from
ODP site 986 offshore western Svalbard (Channell et al.
1996; Smelror 1996). Reworked microfossils within this
unit show a mixture of different sources, but mainly
from Cretaceous sediments. The lithology is dominated
by grey clays and claystones with minor beds of fine- to
very coarse sand. On the seismic data (Figs. 2, 8), the
Pliocene interval is characterized by westward dipping
clinoforms. Deep incisions occur within the clinoforms
(Fig. 8), apparently truncating deposits of Eocene -
Paleocene age in the vicinity of the marginal high.

A Late Pliocene - Pleistocene age for the Neogene
wedge is in general agreement with other studies of the
western Barents Sea (Eidvin et al. 1993, 1998; Settem et
al. 1994; Channell et al. 1996; Faleide et al. 1996). Fur-
thermore, a glacio-marine depositional environment
can be inferred from the available micropaleontological
data, in good agreement with previous studies of the
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Fig. 9. Geoseismic representation of inline NH9803-2936 (Fig. 2) in the Sorvestsnaget Basin.The stratigraphic interpretation is based on data

from well 7216/11-1S. For location, see Fig.1b.

clastic wedge (e.g. Seettem et al. 1994; Faleide et al.
1996). The clinoforms are related to progradation of
glacial deltas supplied from the uplifted shelf to the
east, whereas the incisions probably represent feeder
channels cut during glacio-eustatic sea level falls.

The warm-dwelling dinocysts near the base of the suc-

cession may reflect a mid-Pliocene (app. 3 Ma) global
warming prior to the onset of the Svalbard - Barents
Sea ice sheet (Knies et al. 2002), or alternatively, record
re-sedimentation of older Pliocene deposits within the
clastic wedge. However, the dinocysts may also record
periods of warmer water influx from the North Atlantic
Current during the Late Pliocene (see Smelror, 1996 for
further discussion).

Regional correlation of Cenozoic strata

Sorvestsnaget Basin

In the following sections, the stratigraphic observations
from the well are tied to a regional stratigraphic frame-
work through well correlations and geoseismic profiles.
A geoseismic representation of the Servestsnaget Basin
in the vicinity of well 7216/11-1S (Fig. 9) illustrates the

local stratigraphy of the area, from the marginal high to
the west, through the drilled structure in the central
part of the basin, terminating in a salt-influenced area
to the east.

The Cretaceous - Cenozoic boundary has not been cle-
arly identified, but is probably present more or less
immediately below the well's total depth point, judging
from the Danian age of these deposits (see also correla-
tion to well 7316/5-1 below). However, Upper Paleo-
cene - Lower Eocene (Thanetian - Ypresian) strata can
be followed from the marginal high, across the central
part of the basin. They are apparently truncated by the
Early - Middle Eocene unconformity to the east, to-
wards the salt diapir. There is no significant thickness
contrast between the marginal high and the central part
of the Servestsnaget Basin at this level, although some
growth faulting can be inferred in the western part of
the profile, particularly at the Early Eocene level, testi-
fying to syn-sedimentary extensional faulting related to
the contemporary crustal break-up. Furthermore, a
substantial increase in thickness in the rim syncline to the
east of the diapir indicates salt movement at this time.

The Middle Eocene (Lutetian - Bartonian) deposits
show the maximum thickness of Palaecogene deposits



Q81 235 ‘S[jom Y1 Jo 1U01IYIO] 40 “]2AI] VIS VAU 1V 195 ST UNID(T “(24412 Jy14) (192f/5p1iod
-as0.401ut) 301 210§ puv (aain3 1)) (IdV) Av¥ vuiuvsy auv saviy S0 "Uisvg OSWOL] puv aSpry vluag Uisvg 198vuUsISaNIes DIULA0L] ITUVI]OA UIYYDQISIA DIDLIS 21020Ud7) JO UO1ID[2LI0I-]IIp "OT St
! ] omos p 1 V) ) ! iL p pR{ viuag ut S ‘oou 12| PAvq ! 0] 1] 1 !

Cenozoic evolution of the Servestsnaget Basin 121

NORWEGIAN JOURNAL OF GEOLOGY

(o10zoseled) Jes o] snoadejeld [ o ——— —
suoisnijul onewbep [FE] ueiueq [ S
suojspues [T] auad09jed aje [ m _ _
(uersaudp) euso03 Apes [ 3 - s =
auijewn oydesBiessolg (ueiuoqeld-ueneInT) sueoo3 e1eT-olPPIN [] il oo Eles
Ayuoyuooun A (ueiuogend) susoo3 aye [ w aw, mmm
aua00b110 — m M R
e susooin [ i i 3 | |3
g ausoold & [] i J = 2BH
i ausoolsield ] frowe— o HE
R o
) 2l
ot gl =
% A, T — —— : 4 > |2
e g — % - s
— S—— m
S ;] 5 7|8
000€ | i 000€ g '000€| 000€ | "000€| == <
2 < D i M
S 0 L1k
1 e =t . VENN = b
; + T
i 4 1 gl
) T 3 s =| m
TEEE ; 3 : ge
9 0002 0002 000z % ! w00z} o
g : E 2
I ; g
: 3
3 3 :
4 : 3
3 006t | oot Ll S LI < a3
3 5 -
4 3 —3
B % =+ 5 ;
M 4 3 K A
> (B
000 | / G00% (rr(rrﬁ ' [ooor .uwl M v —Jooor[ & hm
— = ; E =3 4 F 3 fe s 5|2
E ; t i AL
m =3
il , 15 i e e A
@ ~ — F 54 2
E = 005 § M 005 005 1 = H_ i 005 W W
.m. W ] 1L-G/9L€L
W — | = 1 B 10014 €9S d
i : m ¥ m ) SLLL9IZL
L-LI6LLL L-6/LLLL C6/ILLLL
|lene eag
uiseg @swol ] 2bpry efusg uiseq jebeus)senlgs 90UIAOId DIUBD|OA USYNEQISOA
ER MN




122 NORWEGIAN JOURNAL OF GEOLOGY

along the transect, forming a depocentre in the central
part of the basin, where they are also capped by the
thickest Upper Eocene (Priabonian) deposits. The
sandy, Lutetian submarine fan unit is positioned rather
axially in the basin, but apparently not within the area
of maximum Middle Eocene thickness. The Middle
Eocene succession shows apparent thinning on to the
marginal high to the west. This thinning is only partly
controlled by truncation by the identified Oligocene -
Pliocene unconformities, so that incipient uplift or
reduced subsidence rates of the marginal high may be
inferred during the Middle Eocene. Middle Eocene
deposits are apparently truncated by the Oligocene -
Pliocene unconformity near the salt diapir. Middle and
Upper Eocene deposits (in Fig. 9) are not separated in
the rim syncline, but the thickening of the inferred
Middle Eocene interval in the syncline testifies to cont-
inuing growth of the salt.

As shown above, Oligocene - Miocene strata on-lap the
marginal high from the east. Hence, the high was pro-
bably established as a bathymetric feature by the Oligo-
cene. The main phase of uplift of the marginal high
may have occurred during the Late Eocene - earliest
Oligocene, concurrent with the recorded shallowing in
the Servestsnaget Basin. The Oligocene - Miocene
interval is truncated below the Upper Pliocene wedge
to the east. However, the successions reappear in the
rim syncline of the salt. The Upper Pliocene and Pleis-
tocene units form a thick wedge of westwards dipping
strata across the basin. Notice particulary the trunca-
tion of Paleocene - Miocene strata below the basal Plio-
cene unconformity, testifying to substantial Pliocene
erosion of the marginal high. Also, the deformation of
Pliocene deposits above the salt indicates rather recent
salt movement.

Senja Ridge - Vestbakken Volcanic Province

Figure 10 shows a correlation of Cenozoic strata in five
wells from the Vestbakken Volcanic Province through
the Servestsnaget Basin and the Senja Ridge, to the
Tromse Basin. A composite geo-seismic profile through
the same area (not including the Tromse Basin, see Fig.
11) and a geoseismic representation of the 2D seismic
line NH-9709-234 (Veslemgy High to Lofoten Basin;
see Fig.12) shows the Cenozoic stratigraphy of the Sor-
vestsnaget Basin compared to the adjacent basins and
highs.

A thin unit of Lower Paleocene (Danian) mudrocks is
seen in the Vestbakken area (well 7316/5-1; Fig. 10),
apparently resting conformably on Upper Cretaceous
(Late Maastrichtian) mudrocks. Danian deposits are
also present in the Servestsnaget Basin (see above), but
disappear by apparent on-lap of strata towards the
Senja Ridge. The geoseismic data (Fig. 11) give no indi-
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cation about the lateral continuity of the Danian inter-
val and it is possible that the Vestbakken Volcanic Pro-
vince and the Servestsnaget Basin were structurally
separated by a barrier in the fault zone between these
two domains. Danian deposits are generally absent
throughout the Barents Sea (c.f. Dalland et al. 1988),
but the present data show that Early Paleocene basins
existed in the western Barents Sea.

Significant (300 - 400 m thick) Upper Paleocene
(Selandian - Thanetian) strata (mainly mudrocks) can
be correlated throughout the whole section. Appa-
rently, however, deposits of Selandian age are better
developed in the Vestbakken area and the Servestsnaget
Basin than on the Senja Ridge/Tromse Basin, where
they are either thin or absent. It is inferred that Selan-
dian strata in part on-lap the Senja Ridge from the
west. Thanetian deposits rest unconformably on Upper
Cretaceous mudrocks on the Senja Ridge. On the basis
of biostratigraphy and log patterns they seem to form a
laterally continuous facies, particularly in the section
from the Servestsnaget Basin, Senja Ridge and Tromse
Basin and also throughout the rest of the Barents Sea
(c.f. Dalland et al. 1988). These observations support
the idea of a widespread Late Paleocene epeirogenic sea
in the Barents Sea region (Nottvedt et al. 1988).

Lower Eocene (Ypresian) mudrocks can be correlated
through all the wells (Fig. 10). On the Senja Ridge (well
7117/9-2) the entire Eocene succession is apparently
truncated below Lower Oligocene mudrocks, testifying
to a significant break below the basal Oligocene uncon-
formity on the ridge. Further to the east, however, the
thickness of Ypresian deposits increases in the Tromsg
Basin, and the erosive break below the Oligocene suc-
cession is apparently less pronounced.

Figure 11 shows extensional faulting of the Paleocene -
Lower Eocene succession along the entire transect from
the Senja Ridge to the Vestbakken Volcanic Province,
probably reflecting rift-related tectonism during crustal
break-up (as is also seen in Fig. 9). However, lateral
continuity of Paleocene - Lower Eocene successions can
be inferred between the Vestbakken province and the
Servestsnaget Basin, testifying to the widespread nature
of the Late Paleocene - Early Eocene marine basin.

Middle Eocene deposits reach an extreme thickness
(app. 2 km) in the Vestbakken area. The succession in
well 7316/5-1 (Fig. 10) is totally dominated by mud-
rocks, however, with a notable sandstone unit in its
upper part. This sandy unit is age-equivalent to the
Lutetian sandstones in the Servestsnaget Basin. Fur-
thermore, sedimentological studies of cores from well
7316/5-1 (John Gjelberg, 2000 pers. comm.) indicate
that the sandstone unit was emplaced as a submarine
fan (similar to the reservoir sandstones in well 7216/11-
1S). A thin unit of Upper Eocene (Priabonian) mud-
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Fig. 11. Geoseismic cross-section, Vestbakken Volcanic Province, Sorvestsnaget Basin and the Senja Ridge. For location, see Fig. 1b.

rocks can be correlated between wells 7316/5-1 and
7216/11-1S. Middle- and Upper Eocene strata are,
however, severely truncated below the basal Oligocene
unconformity across the Senja Ridge, and eventually by
the basal Pleistocene boundary even further to the east.

Figure 11 indicates that the large thickness of Middle
Eocene deposits in the Vestbakken area is due to diffe-
rential subsidence between the Servestsnaget Basin and
the Vestbakken Volcanic Province, most likely accom-
modated by normal down to the northwest faulting in
the fault zone separating the two areas. Also, hanging-
wall thickening of Middle Eocene strata on faulted
blocks on the northwest flank of the Senja Ridge can be
seen, testifying to localized Middle Eocene extensional
faulting.

A thin Oligocene interval can be correlated along the
transect (Fig. 10) from the Vestbakken Volcanic Pro-
vince, through the Seorvestsnaget Basin and across the
Senja Ridge. As noted above, shallow marine mudrocks
were deposited in the Servestsnaget Basin. However, a
unit (app. 30 m thick) of glauconitic sandstones occurs
above the Oligocene boundary in the eastern part of
the Senja Ridge (well 7117/9-1), probably reflecting
deposition in a more nearshore setting. Miocene, shal-
low marine deposits are most substantial in the Ser-
vestsnaget Basin. In the Vestbakken area and on the
Senja Ridge Miocene strata were apparently removed
by erosion below the basal Pliocene unconformity.

The Oligocene - Miocene succession in the Sgrvestsna-

get Basin is apparently confined to the north by the
fault zone at the transition to the Vestbakken Volcanic
Province ("Knelegga", Fig. 11, Fig. 1b). Inspection of
reflection seismic data also shows on-lap of Oligocene -
Miocene strata on the composite basal Oligocene/Mio-
cene unconformity towards the northern limit of the
Servestsnaget Basin, similar to the on-lap seen towards
the western marginal high (Figs. 8, 9). Accordingly, a
bathymetrical high or positive structural feature may
have been located in the fault zone between the Sor-
vestsnaget Basin and the Vestbakken area during the
Oligocene - Miocene, possibly linked to the western
marginal high of the Servestsnaget Basin.

The Upper Pliocene wedge is most significant and
apparently best preserved in the Servestsnaget Basin
(Figs. 11, 12). Significant thinning and truncation
below the basal Pleistocene unconformity occur on the
Senja Ridge, leading to complete erosion to the east
(Tromsp Basin, see Fig. 10). Furthermore, Pliocene
deposits are severely truncated below the Pleistocene
unconformity across the fault zone between the Ser-
vestsnaget Basin and the Vestbakken Volcanic Province,
possibly indicating very recent uplift in this area (see
Fig. 11). The biostratigraphy and the seismic data sup-
port a Late Pliocene age for the deposits above the basal
Pliocene unconformity throughout the correlated sec-
tion (Fig. 10). It is also noted that the Pliocene succes-
sion is dominantly sandy in the Vestbakken area (Knut-
sen & Larsen 1996), in contrast to the mudrock-domi-
nated succession in the Servestsnaget Basin and on the
Senja Ridge. Finally, about 150 - 300 m of Pleistocene
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glacial erosion products rest unconformably on the
older Cenozoic strata throughout the investigated area.

Sorvestsnaget Basin - Veslemoy High

The geoseismic profile from the Lofoten Basin to the
Veslemgy High (Fig. 12) crosses the Servestsnaget
Basin (and the transect shown in Fig. 11) immediately
to the south of well 7216/11-18S. A thick Lower Cretace-
ous succession is present on the Veslemgy High and in
the Servestsnaget Basin, indicative of a large, continu-
ous, Early Cretaceous basin that also included the
Tromse-, Bjorngya- and Harstad basins. In contrast,
the most prominent Upper Cretaceous succession is ap-
parently confined to the Servestsnaget Basin, confir-
ming the Late Cretaceous - Cenozoic separation of the
Servestsnaget Basin from the remaining deep basins in
the area (see also Faleide et al. 1993a,b; Breivik et al.
1998). Comparison of stratigraphic data in the Ser-
vestsnaget Basin and the Veslemoy High reveal two
important contrasts at the Palacogene level.

Firstly, biostratigraphic dating of the Palaeogene suc-
cession in well 7219/8-1S on the Veslemoy High (see
Fig. 12) gives a Late Paleocene (Thanetian) - Early
Eocene age for the entire interval of approximately 990
m (well 7219/8-1S), unconformably overlying Upper
Cretaceous (Campanian) and older deposits. The cor-
responding Paleocene - Early Eocene thickness seen in
well 7216/11-1S is about 760 m (true vertical thick-
ness). Hence, at the Paleocene level, the Sorvestsnaget

Basin differs from the Veslemoy High by containing an
apparently thinner but stratigraphically more com-
plete Paleocene - Early Eocene (Danian - Ypresian)
package. Essentially, the Danian - Selandian succession
seen in the Servestsnaget Basin appears to on-lap the
basal Cenozoic unconformity towards the Veslemoy
High. Locally on the high (e.g. between CDP 2000 and
4000; Fig. 12) older Paleocene strata may be present in
smaller sub-basins as defined by the relief of the basal
Cenozoic unconformity.

Secondly, the Servestsnaget Basin (and the Vestbakken
area) is characterized by its thick unit of Middle Eocene
strata. The seismic data show on-lap of Middle Eocene
deposits onto the Early - Middle Eocene unconformity,
particularly towards the fault zone separating the Ves-
lemey High from the Servestsnaget Basin (Fig. 12).
These stratal patterns are indicative of differential tec-
tonic activity between the Veslemgy High and the Sor-
vestsnaget Basin during the Early - Middle Eocene (see
below).

At the Late Palaeogene - Neogene level, the existence of
Oligocene - Miocene deposits distinguishes the Sor-
vestsnaget Basin from the Veslemoy High (see Fig. 12).
Furthermore, the Upper Pliocene wedge is well develo-
ped in the Lofoten and Servestsnaget basins. The Ceno-
zoic stratigraphy of the Lofoten Basin is not discussed
in any detail. However, a significant sedimentary unit
can be defined below the Pliocene succession (Fig. 12),
resting on inferred oceanic crust. Since the crust itself
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started to form during the Early Eocene, the pre-Plio-
cene sediments are of probable Middle Eocene - Late
Miocene age (Fig. 12).

Cenozoic subsidence and uplift of the
Servestsnaget Basin

Based on the information shown in Figure 12, and the
stratigraphic and sedimentologic data presented above,
the tectonostratigraphic evolution of the Servestsnaget
Basin and the Veslemoy High is shown in Figure 13.
Above Upper Cretaceous strata, Danian - Selandian
marine shelf deposits are present in the Servestsnaget
Basin (Fig. 13a), onlapping the Veslemgy High from the
west. A similar onlap of Danian - Selandian deposits
can be inferred between the Servestsnaget Basin and
the Senja Ridge (Fig. 10). Accordingly, it appears that
the Seorvestsnaget Basin, as well as the Vestbakken Vol-
canic Province (see Fig. 10), were established sedimen-
tary basins during the Danian - Selandian, and that the
Veslemgy High and the Senja Ridge formed contempo-
rary, bathymetrical (submarine) highs. However, subse-
quent transgression/subsidence caused the establish-
ment of a widespread deep marine (bathyal) environ-
ment during the Late Paleocene and Early Eocene (Fig.
13a), with deposition of mainly marine, offshore
mudrocks (epeirogenic basin of Nottvedt et al. 1988).

The Early Eocene onset of sea floor spreading along the
Senja Fracture Zone (see above) triggered significant
extensional faulting in the area (Figs. 9, 12). Seettem et
al. (1994) argued that significant footwall uplift occur-
red in the Servestsnaget Basin during the Early Eocene
due to crustal break-up. Furthermore, Vignes (1997)
considered the actual amount of uplift along the Senja
Fracture Zone during the Eocene - Oligocene ocean -
continent transform stage and early passive margin
stage. Heat conduction from the hotter oceanic lithos-
phere combined with viscous coupling across the plate
boundary can lead to significant uplift of continental
crust. Vagnes (1997) inferred that up to 1 km of Paleo-
cene deposits were eroded from the marginal high
during the Eocene - Oligocene, and noted that the
uplift/erosion might occupy a 50 - 60 km wide zone,
gradually decreasing to zero to the east of the trans-
form. Végnes (1997) predicted that such uplift would
produce a major break-up unconformity over large
parts of the Servestsnaget Basin.

This interpretation is not supported by the data gathe-
red from well 7216/11-1S. The biostratigraphic data
presented above show a limited, possibly fault-induced
break (app. 3,5 Ma) in the well at the Early - Middle
Eocene boundary. On-lap of Middle Eocene strata
towards the Veslemoy High (Fig.12) provides evidence
for a regional unconformity during the Early - Middle
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Eocene, with the Veslemoy High forming a contempo-
rary bathymetric high adjacent to the Servestsnaget
Basin (Fig. 13b). However, the uplift in this case is away
from the transform margin and to the east of the Seor-
vestsnaget Basin, in strong contrast to earlier predicti-
ons of widespread uplift along the transform margin. It
is also noted that the recorded break in well 7216/11-1S
is in the Late Ypresian, whereas an Early Ypresian age is
related to magnetic anomaly 24 marking the onset of
crustal break-up in the Norwegian - Greenland sea (e.g.
Skogseid et al. 2000; Mosar et al. 2002). The inferred
Early - Middle Eocene structuring between the Vesle-
mey High and the Servestsnaget Basin is probably youn-
ger than the actual break-up, and could perhaps record
more localised relative uplift of the structural high.

By early Middle Eocene (Lutetian) time, deep marine,
bathyal conditions again persisted in the Servestsnaget
Basin and in the Vestbakken Volcanic Province to the
north (Fig.13b; Fig 12), testifying to subsidence along
the transform margin. Of particular relevance is the
deposition of sandy submarine fans in the axial part of
the Servestsnaget Basin and in the Vestbakken area.
Provided that the Servestsnaget Basin was uplifted in
the Late Ypresian, the deep marine nature of the depo-
sits immediately above and below the unconformity
would indicate a much smaller magnitude of the uplift
than previously predicted, with rather rapid collapse
and renewed subsidence of the uplifted areas.

The end-Eocene shallowing in the Servestsnaget Basin
was followed by deposition of condensed, shallow
marine, fine-grained sediment during the Oligocene -
Miocene, more or less contemporary with the passage
of the spreading ridge along the western basin margin
(Fig. 13¢; Fig. 8). The western marginal high was uplif-
ted at this stage, as recorded by on-lap of strata on to
the high. The main Oligocene - Miocene depocentre
was probably located in the oceanic Lofoten Basin, with
the marginal high forming a partial barrier towards the
Servestsnaget Basin. The actual extent of the Oligo-
cene - Miocene strata to the east of the Servestnaget
Basin is masked by Late Neogene uplift and erosion,
although a unit of Oligocene sandstones and mudrocks
is present on the Senja Ridge and in the western part of
the Tromse Basin (Fig. 10).

Several unconformities occur within the shallow
marine Oligocene - Miocene package (Fig. 7),. These
unconformities seem to coincide, at least partly, with
possible phases of compression and inversion (mainly
Oligocene) of the intrabasinal highs, particularly the
Senja Ridge, the Veslemoy High and the Stappen High
(Gabrielsen et al. 1990; Rasmussen et al. 1995). Doré &
Lundin (1996) pointed out that Cenozoic phases of
compression and inversion are common within the
northeast Atlantic realm of Cretaceous - Cenozoic
basins, with important phases of structuring occurring
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during the Oligocene and Miocene. These phases may
relate to plate tectonic changes in the northeast Atlan-
tic, as well as to major Alpine deformation phases
(Doré & Lundin, 1996). Accordingly, the basal Oligo-
cene unconformity can possibly be related to the Early
Oligocene (magnetic anomaly 13) reorganization of
spreading poles. Faleide (1993b) noted that significant
uplift of the intrabasinal highs can be attributed to this
plate tectonic event, and Knutsen & Larsen (1997) rela-
ted a phase of uplift of the marginal high (Servestsna-
get Basin) to the same event. Possibly, the observed
change from a rather deep marine Paleocene - Late
Eocene setting to a shallower marine Oligocene - Mio-
cene environment in the Servestsnaget Basin can be
related to this phase of structuring.

The recorded 13 Ma stratigraphic break at the Early -
Middle Miocene unconformity (Fig. 7) is apparently
equivalent in age to a similar unconformity in the
North Sea and the Mere Basin, reflecting widespread
erosion followed by marine condensation (Martinsen
et al. 1999). The regional extent of the Early - Middle
Miocene unconformity implies that its genesis is not
just due to tectonic activity along the Senja Fracture
Zone. The remaining unconformities of intra-Oligo-
cene and Middle - Late Miocene age (see Fig. 7) in the
Servestsnaget Basin cannot be related to any particular
tectonic event. These breaks have, however, formed
during a period of globally low sea level (Hardenbol et
al. 1998), and may be controlled by eustatic changes.

The final stage of margin development (Fig. 13d) is
represented by the Upper Pliocene - Pleistocene wedge,
which essentially records subsidence along a passive
continental margin where the oceanic and continental
crusts are locked across the continent-ocean boundary.
The unconformable nature of the basal Late Pliocene
surface (Fig. 7) probably reflects the filling of available
accommodation space in the Servestsnaget Basin during
the Late Miocene - Pliocene, with Late Pliocene erosion
being enhanced by glacially induced sea level falls and
glacial erosion. Settem et al. (1994) argued that the
unconformity at the base of the Upper Pliocene wedge
formed due to regional uplift and concurrent sea level
falls during the Pliocene. Subsequently, however, the
western Barents Sea, including the Vestbakken Volcanic
Province, the Sorvestsnaget Basin, the Senja Ridge and
westernmost part of the Tromse Basin subsided to
accommodate the prograding wedge, which was supplied
from the uplifted Barents shelf still further to the east.

Cenozoic basins and sediment
source areas

There is an apparent consensus in the literature that
major structural highs such as the Stappen- and Loppa
highs were uplifted during the Palaeogene, and that
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they have acted as sediment sources for the Servestsna-
get and Tromse basins. Knutsen et al. (1992) observed
clinoforms prograding off the Loppa High, supplying
sediment to the Tromsg Basin, whereas Faleide et al.
(1993a,b) noted that the Stappen High acted as a
source area for thick Eocene successions in the Vestbak-
ken Volcanic Province and in the northern part of the
Sorvestsnaget Basin. The Stappen High may have been
uplifted some 1 - 2 km (3.5 km on Bjerngya) due to
Early Eocene tectonism and volcanism (Faleide et al.
1993b). Rasmussen et al. (1995) noted in particular the
continuous westwards progradation of shorelines from
the Stappen High during Middle and Late Eocene
times, forming a likely source for the Middle Eocene
sandstones seen in the Servestsnaget Basin and the
Vestbakken Volcanic Province (Fig. 10). The existence
of a reworked Early Jurassic microflora in the Middle
Eocene sandstones (see above) seems most supportive
of alocal (intrabasinal) source.

Riis (1996) suggested that about 1000 - 1200 m of uplift
occurred in northern Fennoscandia during the Late
Cretaceous - Palacogene. This uplifted area would form
a suitable source of coarse clastic sediment to the flan-
king sedimentary basins, a relationship that has
recently been demonstrated for the Danian Ormen
Lange submarine fan in the More Basin (Gjelberg et al.
2001). By analogy, sediment derived from the Fennos-
candian hinterland may have sourced the Middle
Eocene sandstones in the Servestsnaget Basin. These
sediments would, however, have to bypass the more
proximal Harstad- and Tromse basins and the Senja
Ridge (see Fig. 1a). Based on the observed subsidence
of the Servestsnaget Basin during the Middle Eocene,
such a paleogeographic model seems possible, even if
significant sediment volumes were trapped in the more
proximal areas.

Supply of sandy sediment from a westerly source such
as the Greenland landmass has been inferred for the
Late Cretaceous of the Vering Basin (e.g. Morton &
Grant, 1998), and might be considered for the pre-drift
and early drift phase of the western Barents Sea margin
as well. Plate reconstructions for the Middle Eocene
(Lutetian) time interval (e.g. Torsvik et al. 2001), reflec-
ting the configuration of landmasses during the empla-
cement of submarine fan sandstones in the Servestsna-
get Basin, as well as in the Vestbakken Volcanic Pro-
vince, show that the Greenland hinterland was separa-
ted from the southwest Barents Sea by a broad shelf
offshore northeast Greenland, bounded to the south by
the Jan Mayen Fracture Zone and to the north by the
northward extension of the Senja Fracture Zone (see
Larsen 1984, 1990). Geophysical studies of the northe-
ast Greenland shelf (Larsen 1984, 1990) show that the
transition to oceanic crust is at magnetic anomaly 24
(Early Eocene). This is coeval with the continent-ocean
boundary along the Lofoten margin (e.g. Faleide et al.
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1996; Fig. 1a), placing the eastern parts of the northeast
Greenland shelf along the western margin of the Har-
stad- and Servestsnaget basins prior to the onset of sea
floor spreading.

The northeast Greenland shelf comprises a series of
Palaeozoic - Mesozoic (Permian - Jurassic) fault-boun-
ded basins, below a thick package of Cretaceous -
Cenozoic sediments. Larsen (1990) suggested that the
Cenozoic succession on the shelf would include a relati-
vely continuous Paleocene - Oligocene interval, capped
by a Neogene wedge. Accordingly, the northeast Green-
land shelf shows important similarities with the south-
west Barents Sea margin. The indication of significant
Palacogene deposition on the Greeland shelf would
generally seem to limit the potential supply of sandy
sediment from the Greenland landmass to the south-
west Barents Sea, as such sediments would most likely
be trapped on the shelf. Other sources of clastic sedi-
ment, particularly uplifted areas of the Barents Sea,
would consequently seem more likely.

Conclusions

The Servestsnaget Basin comprises a rather complete
succession of Cenozoic deposits as recorded by well
7216/11-1S. Deposition commenced in the Early Paleo-
cene (Danian), and was succeeded by continuous depo-
sition throughout the Late Paleocene and Early Eocene.
The data from well 7216/11-1S do not support previous
interpretations of a widespread Early Eocene break-
up unconformity in the Servestsnaget basin. Limited
Late Ypresian uplift of the basin cannot be completely
excluded, although the most significant Early - Middle
Eocene uplift seems to occur to the east, on the Vesle-
mey High and the Senja Ridge.

Furthermore, the Servestsnaget Basin subsided during
the Middle Eocene, as recorded by a significant Lute-
tian - Bartonian succession, that can also be correlated
to the Vestbakken Volcanic Province to the north. The
Upper Eocene - Upper Miocene succession is thin and
condensed, with four significant stratigraphic breaks.
The most significant unconformity (13 Ma) is recorded
at the Oligocene - Miocene boundary, time-equivalent
to a similar break in the Mgre Basin and the North Sea.
The Paleocene - Miocene succession is truncated by
an Upper Pliocene - Pleistocene glacial sedimentary
wedge, comprising material eroded off the uplifted
Barents Sea to the east.

Deep marine, bathyal conditions persisted in the Sor-
vestsnaget Basin until the Late Eocene. During the
Middle Eocene (Lutetian) significant sandy submarine
fan sandstones were deposited in the axial part of the
basin. Correlation of strata towards the Vestbakken Vol-
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canic Province shows that age-equivalent submarine
fan sandstones were emplaced also further to the north.
The Middle Eocene fan deposits form the most signifi-
cant reservoir sandstones in the Servestsnaget Basin
and in the Vestbakken Volcanic Province, and were
most likely eroded and resedimented locally from
Jurassic sandstones on the uplifted Stappen High to the
northeast.

A significant shallowing phase took place at the Late
Eocene - Early Oligocene boundary, and more shallow
marine conditions persisted throughout the Oligocene
- Miocene. It is speculated that the end-Eocene shallo-
wing can be related to a reorganization of spreading
poles during the Early Oligocene, and consequently, be
genetically linked to recorded phases of compression
and deformation in the area. The Oligocene - Miocene
interval in the Servestsnaget Basin is generally domina-
ted by mudrocks. However, Lower Oligocene sandsto-
nes occur locally above the basal Oligocene unconfor-
mity on the Senja Ridge. These sandstones may have
accumulated in a more nearshore environment and
may form an additional reservoir sandstone in the
southwest Barents Sea.

The western marginal high of the Servestsnaget Basin
may have been active during the Middle Eocene, jud-
ging from thinning of mid-Eocene strata on to the
high. Furthermore, onlap of Oligocene - Miocene strata
towards the high indicates that it was uplifted in the
Late Eocene - Early Oligocene, forming a barrier bet-
ween the Servestsnaget and Lofoten basins through the
Oligocene - Miocene. Similar stratal patterns at the
structural boundary zone between the Servestsnaget
Basin and the Vestbakken Volcanic Province indicate
the existence of an Oligocene - Miocene structural bar-
rier in this area, which may have been linked to the
marginal high.



NORWEGIAN JOURNAL OF GEOLOGY

Acknowledgement: - The present study is based on Norsk Hydro's post-
drill evaluation of well 7216/11-1S. We wish to thank Norsk Hydro and
the partners in PL 221, TotalFinaElf (TFE) and Statoil, for granting
permission to publish data. We also wish to acknowledge Applied
Petroleum Technology A/S (ATP) for the original biostratigraphic ana-
lysis of well 7216/11-18, although the authors take full responsibility
for the stratigraphic interpretation presented in this paper. The con-
structive review of the original manuscript by Anthony M. Spencer and
William Helland-Hansen is gratefully acknowledged. Else Marie Olsen
at Norsk Hydro's exploration office in Harstad patiently took care of all
the original drafting. Gry Arnesen and Rita Helen Egeland are thanked
for making the final update on the figures.

The authors would also like to acknowledge Morten Smelror for his
constructive comments related to the Pliocene - Pleistocene section,
and for sharing his own biostatigraphic observations. This generated
further study and improved resolution of this interval.

References

Breivik, A.J., Faleide, J.I. & Gudlaugsson, S.T. 1998: Southwestern
Barents Sea margin: late Mesozoic sedimentary basins and crustal
extension. Tectonophysics 293, 21 - 44.

Brekke, H. & Riis, F. 1987: Tectonics and basin evolution of the Nor-
wegian shelf between 62° and 72°N. Norsk Geologisk Tidskrift 67,
295 - 321.

Channell, J.E.T., Smelror, M., Jansen, J., Higgins, S.M., Lehman, B.,
Eidvin, T. & Solheim, A. 1996: Age models for glacial fan deposits
off East Greenland and Svalbard (sites 986 and 987). In: M.E.
Raymo, E. Jansen, P. Blum and T.D Herbert (eds), Proceedings of
the Ocean Drilling Program, Scientific Results 162, 149 - 160.

Dalland, A., Worsley, D. & Ofstad, K. 1988: A lithostratigraphic
scheme for the Mesozoic and Cenozoic succession offshore mid-
and northern Norway. Norwegian Petroleum Directorate Bulletin 4,
1-65.

Doré, A. G. & Jensen, L.N. 1996: The impact of late Cenozoic uplift
and erosion on hydrocarbon exploration: offshore Norway and some
other uplifted basins. Global and Planetary Change 12, 415 - 436.

Doré, A.G. & Lundin, E.R. 1996: Cenozoic compressional structures
on the NE Atlantic margin: nature, origin and potential signifi-
cance for hydrocarbon exploration. Petroleum Geoscience 2, 299-
311.

Doré, A.G., Lundin, E.R., Fichler, C. & Olesen, O. 1997: Patterns of
basement structure and reactivation along the NE Atlantic margin.
Journal of the Geological Society, London 154, 85-92.

Eidvin, T., Jansen, E. & Riis, E 1993: Chronology of Tertiary fan depo-
sits off the western Barents Sea: implications for the uplift and ero-
sion history of the Barents Shelf. Marine Geology 112,109 - 131.

Eidvin, T.E., Goll, R:M., Grogan, P., Smelror, M. & Ulleberg, K. 1998:
The Pleistocene to Middle Eocene stratigraphy and geological
evolution of the western Barents Sea continental margin at well site
7316/5-1 (Bjorngya West area). Norsk Geologisk Tidskrift 78, 99 -
123.

Eldholm, O., Faleide, J.I. & Myhre, A.M. 1987: Continent-ocean tran-
sition at the western Barents Sea/Svalbard continental margin.
Geology 15,1118 - 1122.

Faleide, J.I., Myhre, A.M. & Eldholm, O. 1988: Early Tertiary volca-
nism at the western Barents Sea margin. In: A.C. Morton and
L.M. Parsons (eds), Early Tertiary Volcanism and the Opening of
the North Atlantic. Geological Society, London, Special Publicati-
ons 39, 135 - 146.

Faleide, J.I., Gudlaugsson, S.T., Eldholm, O., Myhre, A.M. & Jackson,
H.R. 1991: Deep seismic transect across the sheared western
Barents Sea - Svalbard continental margin. Tectonophysics 189,73 - 89.

Cenozoic evolution of the Servestsnaget Basin - 129

Faleide, J.I., Vagnes, E. & Gudlaugsson, S.T. 1993a: Late Mesozoic -
Cenozoic evolution of the southwestern Barents Sea in a regional
rift-shear tectonic setting. Marine and Petroleum Geology 10, 186 -
214.

Faleide J.I., Vagnes, E. & Gudlaugsson, S.T. 1993b: Late Mesozoic -
Cenozoic evolution of the south-western Barents Sea. In: J.R. Par-
ker (ed), Petroleum Geology of North West Europe: Pro-ceedings of the
Fourth Conference. Geological Society, London, 933 - 950.

Faleide, ].I,, Solheim, A., Fiedler, A., Hjelmestuen, B.O., Andersen, E.S.
& Vanneste, K. 1996: Late Cenozoic evolution of the western
Barent Sea - Svalbard continental margin. Global Planetary Change
12,53-74.

Gabrielsen, R.H., Ferseth, R.B., Jensen, L.N., Kalheim, J.E. & Riis, F.
1990: Structural elements of the Norwegian continental shelf. Part
I: The Barents Sea region. Norwegian Petroleum Directorate Bulletin
6,1-33.

Gjelberg, J., Enoksen, T., Kjernes, P., Mangerud, G., Martinsen, O.].,
Roe, E. & Vagnes, E. 2001: The Maastrichtian and Danian depositi-
onal setting along the eastern margin of the More Basin (mid-Nor-
wegian shelf): Implications for reservoir development of the
Ormen Lange field. In: O.J. Martinsen and T. Dreyer (eds), Sedi-
mentary Environments Offshore Norway: Palaeozoic to Recent. Nor-
wegian Petroleum Society Special Publications 10, 421 - 440. Else-
vier, Amsterdam.

Grogan, P., Ostvedt-Ghazi, A.-M., Larsen, G.B., Fotland, B., Nyberg,
K., Dahlgren, S. & Eidvin, T. 1999: Structural elements and petro-
leum geology of the Norwegian sector of the northern Barents Sea.
In: AlJ. Fleet and S.A.R. Boldy (eds), Petroleum Geology of North-
west Europe; Proceedings of the 5" Conference, Geological Society,
London, 247-259.

Gudlaugsson, S.T., Faleide, J.I., Johansen, S.E., & Breivik, A.J. 1998:
Late Palaeozoic structural development of the southwestern
Barents Sea. Marine and Petroleum Geology 15, 73-102.

Hardenbol, J., Thierry, J., Farley, M., Jacquin, T., de Graciansky, P.-C. &
Vail, P. 1998: Mesozoic and Cenozoic sequence chronostratigraphic
framework of European Basins. In de Graciansky, P.-C. et al. (eds),
Mesozoic and Cenozoic Sequence Stratigraphy of European Basins.
Society of Economic Petrologists and Mineralogists, Special Publi-
cation 60, 3 - 14.

Harland, W.B. 1969: Contribution of Spitsbergen to understanding of
tectonic evolution of North Atlantic region. In M. Kay (ed), North
Atlantic: Geology and Continental Drift. American Association of
Petroleum Geologists Memoir 12, 817 - 851.

Kneller, B.C. & Branney, M. J. 1995: Sustained high-density turbidity
currents and the deposition of thick massive sands. Sedimentology
42,607-616.

Knies, J., Matthiessen, J, Vogt, C. & Stein, R. 2002: Evidence of "Mid-
Pliocene" (~3 Ma) global warmth in the eastern Arctic Ocean and
implications for the Svalbard/Barents Sea ice sheet during the late
Pliocene and early Pleistocene (~3 - 1.7 Ma). Boreas 31, 82 - 93.

Knutsen, S.-M., Skjold, L.-J. & Skott, P.H. 1992: Paleocene and Eocene
development of the Tromseg Basin - sedimentary response to rifting
and early sea-floor spreading in the Barents Sea. Norsk Geologisk
Tidskrift 72, 191 - 207.

Knutsen, S.-M. & Larsen.K.-B. 1996: Late Pliocene sand ridges at the
western margin of the Barents Sea - do they monitor Late Pliocene
glaciations? Global and Planetary Change 12, 159 - 169.

Knutsen, S.-M. & Larsen, K.I. 1997: The Late Meosozoic and Cenozoic
evolution of the Sgrvests-naget Basin: a tectonostratigraphic mir-
ror for regional events along the southwestern Barents Sea margin.
Marine and Petroleum Geology 14, 27-54.

Knutsen, S.-M., Augustson, J.H. & Haremo, P. 2000: Exploring the
Norwegian part of the Barents Sea - Norsk Hydro's lessons from
nearly 20 years of experience. In: K. Ofstad, J.E. Kittilsen and P. Ale-
xander-Marrack (eds), Improving the Exploration Process by Lear-
ning from the Past, Norwegian Petroleum Society Special Publicati-



130 NORWEGIAN JOURNAL OF GEOLOGY

ons 9, 99-112. Elsevier, Amsterdam.

Larsen, H.C. 1984: Geology of the East Greenland Shelf. In: A. M.
Spencer (ed), Petroleum Geology of the North European Margin,
Graham and Trotman, London, 329 - 339.

Larsen, H.C. 1990: The East Greenland Shelf. In: A Grantz, L. Johnson
and J.E. Sweeney (eds), The Geology of North America vol. L: The
Arctic Ocean Region. Geological Society of America, Boulder, Colo-
rado, 185 - 210.

Martinsen, O.J., Been, E,, Charnock, M.A., Mangerud, G. & Nottvedt,
A. 1999: Cenozoic development of the Norwegian margin 60 -
64°N : sequences and sedimentary response to variable basin phy-
siography and tectonic setting. In: A.]. Fleet and S.A.R. Boldy (eds),
Petroleum Geology of Northwest Europe; Proceedings of the 5" Confe-
rence, Geological Society, London, 293 - 204.

Mjelde, R., Breivik, A.J., Elstad, H., Ryseth, A.E., Skilbrei, J.R., Opsal,
J.G., Shimamura, H., Mu-rai, Y. & Nishimura, Y. 2002: Geological
development of the Servestsnaget Basin, SW Barents Sea, from
ocean bottom seismic, surface seismic and potential field data.
Norsk Geologisk Tidskrift 82, 183 - 202.

Morton, A.C. & Grant, S. 1998: Cretaceous depositional systems in the
Norwegian Sea: Heavy mineral constraints. American Association of
Petroleum Geologists Bulletin 82, 274 - 290.

Mosar, J., Lewis, G. & Torsvik, T.H. 2002: North Atlantic sea-floor
spreading rates: Implications for the Tertiary development of
inversion structures of the Norwegian - Greenland Sea. Journal of
the Geological Society, London 159, 503 - 515.

Myhre, A.M., Eldholm, O. & Sundvor, E. 1982: The margin between
Senja and Spitsbergen fracture zones: Implications from plate tec-
tonics. Tectonophysics 89, 33 - 50.

Mork, M.B.E. & Duncan, R.A. 1993: Late Pliocene basaltic volcanism
on the Western Barents Shelf margin: implications from petrology
and “Ar - YAr dating of volcaniclastic debris from a shallow drill
core. Norsk Geologisk Tidskrift 73, 209 - 225.

Nottvedt, A., Berglund, L.T., Rasmussen, E. & Steel, R. 1988: Some
aspects of Tertiary tectonics and sedimentation along the western
Barents Shelf. In: A.C. Morton and L.M. Parsons (eds), Early Terti-
ary Volcanism and the Opening of the North Atlantic. Geological
Society, London, Special Publications 39, 421 - 425.

Nottvedt, A., Cecchi, M., Gjelberg, J., Kristensen, S.E., Longy, A., Ras-
mussen, A., Rasmussen, E., Skott, PH. & van Veen, P. 1992: Sval-
bard - Barents Sea correlation: a short review. In: Vorren, T.O.,
Bergsager, E., Dahl-Stamnes, @.A., Holter, E., Johnsen, B., Lie, E.
and Lund, T.B., (eds.), Arctic Geology and Petroleum Potential, Nor-
wegian Petroleum Society Special Publication 2, 363-375. Elsevier,
Amsterdam.

Peel, ].S. & Senderholm, M. 1991: Sedimentary basins of North Green-
land. Geological Survey of Greenland Bulletin, 160 1 - 164.

Pemberton, S.G., Frey, PE., Ranger, M.J. & MacEachern, S.G. 1992:
The conceptual framework of ichnology. In: S.G. MacEachern
(ed), Application of Ichnology to Petroleum Exploration. Society of
Economic Petrologists and Mineralogists, Core Workshop, 17, 1-32.

Rasmussen, E., Skott, PH. & Larsen, K-B. 1995: Hydrocarbon poten-
tial of the Bjornoya West Province, western Barents Sea Margin. In:
Hanslien, S. (ed), Petroleum Exploration and Exploitation in Nor-
way. Norwegian Petroleum Society Special Publication 4, 277 -
286. Elsevier, Amsterdam.

Riis, F. 1996: Quantification of Cenozoic vertical movements of
Scandinavia by correlation of morphological surfaces with offs-
hore data. Global and Planetary Change 12, 331-357.

Riis, E & Fjeldskar, W. 1992: On the magnitude of the Late Tertiary
and Quarternary erosion and its significance for the uplift of Fen-
noscandia and the Barents Sea. In: R.M. Larsen, H. Brekke, B.T.
Larsen and E. Talleraas (eds), Structural and Tectonic Modelling and
its Application to Petroleum Geology. Norwegian Petroleum Society
Special Publications 1, 163-185. Elsevier, Amsterdam.

Skogseid, J., Pedersen, T., Eldholm, O. & Larsen, B.T. 1992: Tectonism

A. Ryseth et al.

and magmatism during NE Atlantic continental break-up: the
Voering Margin. In: B.C.Storey, T. Alabaster and R.J. Pankhurst
(eds), Magmatism and the Causes of Continental Break-up. Geologi-
cal Society, London, Special Publication 68, 305 - 320.

Skogseid, J., Planke. S., Faleide, J.I., Pedersen, T., Eldholm, O. & Never-
dal, F. 2000: NE Atlantic continental rifting and volcanic margin
formation. In: A. Nettvedt, (ed), Dynamics of the Norwegian Mar-
gin. Geological Society, London, Special Publication 167, 295 - 326.

Smelror, M. 1996: Pliocene-Pleistocene and redeposited dinoflagellate
cysts from the western Svalbard margin (site 986): Biostratigraphy,
paleoenvironments, and sediment provenance. In: M.E. Raymo, E.
Jansen, P. Blum and T.D Herbert (eds), Proceedings of the Ocean
Drilling Program, Scientific Results 162, 83 - 97.

Stow, D. A. V. & Johansson, M. 2000: Deep-water massive sands:
nature, origin and hydrocarbon implications. Marine and Petro-
leum Geology 17, 145-174.

Settem, J., Bugge, T., Fanavoll, S., Goll., R M., Merk, A., Merk, M.B.E,,
Smelror, M.& Verdenius, J.G. 1994: Cenozoic margin development
and erosion of the Barents Sea: core evidence from southwest of
Bjorngya. Marine Geology 118, 257 - 281.

Talwani, M. & Eldholm, O. 1977: Evolution of the Norwegian - Gre-
enland Sea. Geological Society of America Bulletin 88, 969 - 999.

Torsvik, T.H., van der Woo, R., Meert, J.G., Mosar, J. & Walderhaug,
H.J. 2001: Reconstructions of the continents around the North
Atlantic at about the 60th parallel. Earth and Planetary Science Lett-
ers 187, 55-69.

Vorren, T.O. & Kristoffersen, Y. 1986: Late Quaternary glaciations in
the south-west Barents Sea. Boreas 15, 51-59.

Vorren, T.O., Richardsen, G., Knutsen, S.M. & Henriksen, E. 1991:
Cenozoic erosion and sedimentation in the western Barents Sea.
Marine and Petroleum Geology 8, 317 - 340.

Vagnes, E. 1997: Uplift at thermo-mechanically coupled ocean-conti-
nent transforms: Modeled at the Senja Fracture Zone, southwes-
tern Barents Sea. Geo-Marine Letters 17, 100 - 109.



