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The Molo Formation, deposited by coastal progradation on
the inner Mid-Norwegian continental shelf, coeval with the Kai
Formation fo the west and the Utsira Formation in the North Sea
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The Molo Formation represents a characteristic depositional unit on the inner Mid-Norwegian continental shelf and extends along the coast for
about 500 km from Mere to Lofoten. It was deposited by coastal progradation in a wave-dominated environment with extensive long-shore drift.
The age and stratigraphic relationships have been heavily debated since it was discovered and first described nearly forty years ago. Based on new
age information from exploration wells in the Draugen Field on the Trendelag Platform, the Molo Formation is now determined to be of Late
Miocene to Early Pliocene age. It is interpreted to be the proximal equivalent to the deeper marine Kai Formation in the Norwegian Sea and a lateral
equivalent to the Utsira Formation in the North Sea. These formations were all deposited as a result of the compression and uplift of mainland Nor-
way in mid Miocene time. In this paper we describe and document the datings and formally define the Molo Formation as a new stratigraphic unit.

Tor Eidvin, Norwegian Petroleum Directorate, P.O. Box 600, NO-4003 Stavanger, Norway; Tom Bugge, Pertra ASA, Nedre Bakklandet 58c, NO-7014
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Introduction

The Molo Formation (Figs. 1 and 2) corresponds to the
characteristic seismic unit which was informally called the
“Delta” by Bugge et al. (1976), IKU Bedrock Unit IX by
Bugge et al. (1984) and Rokoengen et al. (1988, 1995) and
the “Froyrygg formation” by Askvik & Rokoengen (1985).
The age assignment of the unit has varied from Eocene/
Oligocene to Pliocene, thus being a time equivalent to the
Brygge, Kai or Naust formations. The formation is nearly
exposed on the seabed and forms an approximately 500 km
long ridge on the inner shelf from More to Lofoten (Fig. 1).
Since the unit forms a potential wave breaker and is related
to the Naust, Kai or Brygge formations, Gustavson & Bugge
(1995) proposed the name “Molo” (Jetty) formation.

In this paper we discuss its stratigraphic relationships and
propose a Late Miocene to Early Pliocene age, coeval with
most of the Kai Formation in the Norwegian Sea and most
of the Utsira Formation in the North Sea. It has long been
noted that it has high erosional resistance and therefore is
most probably sand dominated. Bugge et al. (1976) pro-
posed that it was deposited as a result of mainland uplift
and erosion, and Rokoengen et al. (1995) classified the sedi-
ments as delta-like coastal deposits, probably formed in a
wave-dominated environment with extensive long-shore
drift. Our investigation of exploration wells shows that the
proximal part of the unit consists mainly of quartzose and
glauconitic sand. The distal part to the west consists mainly
of glauconitic sand, silt and clay.

The unit was first described by Eldholm & Nysather
(1969) and Nyseather et al. (1969), and later by Bugge et
al. (1976), Skarbe et al. (1983), Bugge et al. (1984), Askvik
& Rokoengen (1985), Rokoengen et al. (1988), Sigmond
(1992), Poole & Vorren (1993), Eidvin et al. (1995), Gus-
tavson & Bugge (1995), Rokoengen et al. (1995), Henrik-
sen & Vorren (1996), Henriksen & Weimer (1996), Eidvin
et al. (1998 and 2000), Brekke (2000) and Bullimore et al.
(2005). However, the age of the unit is still disputed. A rea-
son for this is that few wells and boreholes have sampled
the sediments with high quality conventional cores or
sidewall cores. Another reason is that samples from wells
and boreholes from the proximal part of the unit seem to
be barren of in situ fossils and only contain assemblages
which we now interpret to represent caved and reworked
material. We therefore made a new effort concentrating on
identifying wells that penetrate the outer, more distal and
potentially more fine-grained part, although the entire
Molo Formation is a proximal deposit. Many of the wells
in the Draugen Field on the Trendelag Platform (Fig. 1)
seemed to have optimal locations, and wells 6407/9-1,
6407/9-2 and 6407/9-5 were re-analysed.

The obtained Late Miocene to Early Pliocene age contra-
dicts ages previously given by the biostratigraphic con-
sultants as well as our previous datings of wells and bore-
holes from proximal parts of the formation. Our new
study is based on investigation of ditch cutting samples
from wells 6407/9-1, 6407/9-2 and 6407/9-5 by means
of foraminiferal, dinoflagellate and strontium isotope
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Fig. 2. Ultra high-
resolution seismic line
across the Molo For-
mation. There are three
significant hiati shown;
the brown line repre-
sents a gap from Early
Oligocene  to  Early
Miocene, the red line a
gap from Early to Late

: _ e g Miocene, and the blue
Jpes 8 =~ line a gap from mid
ol Brygge- "\ Early to mid Late Plio-
i Formation cene.
5km

analyses. Unfortunately, there are no other wells where
we have succeeded in identifying what we believe repre-
sent in situ fossil assemblages, but in Appendix 1 we have
presented results from our new investigations of wells
from proximal parts of the Molo Formation including
wells 6510/2-1 (Vega High), 6610/3-1 (Nordland Ridge)
and 6610/2-1S (Nordland Ridge). In Appendix 1 we have
also presented and discussed previous datings from other
boreholes which have sampled the Molo Formation.

The stratigraphic and depositional relationship between
the Molo Formation and the Brygge, Kai and Naust forma-
tions have long been debated, consequently we have also put
emphasis on their stratigraphic relationships. The Brygge
to Naust succession has been re-analysed or re-evaluated
in most of the relevant wells in the Norwegian Sea, and in
Appendix 1 we have also presented new investigations of
wells 6508/5-1 and 6609/5-1 on the Nordland Ridge and
wells 6507/12-1 and 6609/11-1 on the Trendelag Platform.
These wells have been tied to seismic data and incorporated
in a seismic stratigraphic framework. This is discussed below,
together with a correlation with the coeval Utsira Formation
in the North Sea. We consider the revised stratigraphy and
depositional history to be important for maturation, migra-
tion and entrapment of petroleum in the area.

In the main part of this paper we concentrate on the
stratigraphic and depositional implications for the Molo
Formation, but without going in depth we also include
the same topics for the Brygge, Kai and Naust formations.
Valuable studies of this succession were carried out in the
Seabed Project of the Norwegian Deep Water Programme
(Norwegian Deepwater Programme 2004). Much of this
work and a synthesis of the present study were summed
up in a presentation by Bugge et al. (2004).

All well analyses and interpretations are documented in
Appendix 1. In Appendix 2 we present a formal defini-
tion of the new Molo Formation. If not stated otherwise,
all absolute ages in the present study, are based on Berg-
gren et al. (1995), and all depths in the wells are expressed
as meters below the rig floor (mRKB).

Previous age assessment of the Molo
Formation

The Molo Formation was first sampled in 1982 by the
Continental Shelf Institute (IKU, later Sintef Petroleum
Research) in connection with their regional programme
of mapping of outcropping Cainozoic and Mesozoic
rocks on the Mid-Norwegian continental shelf. Their
defined seismic unit IX, corresponding to the delta-like
Molo Formation, was sampled in the Nordland Ridge
area with vibro corer, piston corer and grab at localities
with very sparse Pleistocene — Holocene cover (Fig. 1).
The vibro coring disturbed the sediments during sam-
pling and made biostratigraphical analysing difficult. The
samples contained a blend of Pleistocene and Holocene
foraminifera and Oligocene and Eocene dinoflagellates.
The Oligocene dinoflagellates were thought to be in situ
fossils (Skarbe et al. 1983; Bugge et al. 1984).

Not far south of these boreholes the unit was sampled
with ditch cuttings in the exploration well 6610/7-1 (Fig.
1). Poole & Vorren (1993) presented a dating of this well,
and they recorded no in situ fossils in the sediments
which correspond to the Molo Formation, but reported
Middle Miocene foraminifera from the section immedi-
ately below. However, Eidvin et al. (1995, 1998) recorded
exclusively Lower-Middle Eocene fossils immediately
below the barren Molo Formation.

Further north, the exploration well 6610/3-1 (Fig. 1)
sampled the Molo Formation with sidewall cores. A bio-
stratigraphical investigation of five sidewall cores of high
quality was presented by Eidvin et al. (1995, 1998). Based
on analyses by means of foraminifera, dinoflagellates and
strontium isotopes they arrived at an Early Oligocene
age for the deposits. However, the palynological residues
were recently re-analysed and Early Miocene dinoflagel-
lates were now also recorded. These new investigations
are presented in Appendix 1.

Henriksen & Vorren (1996) interpreted the Molo For-
mation to be Early Pliocene in age or alternatively Early
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Fig. 4. The Molo Formation in the Draugen Field. Note the Upper Brygge Formation wedge of Early Miocene age between the brown and red
line. It rests on a clear erosional surface with the mid Miocene unconformity (red) on top. Fig. 4a is a dip line and 4b is a strike line.

Oligocene. The Early Pliocene age was based on regional
stratigraphic considerations and a possible correlation
with the global sea-level curve of Haq (1991). The Early
Oligocene age was based on the datings of Skarbe et al.
(1983) and Eidvin et al. (1995). Henriksen & Weimer
(1996) held on to the Early Pliocene age.

The exploration well 6610/2-1S was drilled on the Nordland
Ridge just to the southwest of well 6610/3-1 (Fig. 1). In this

well the sediments immediately below the Molo Formation
were sampled with ditch cuttings. The deposits have been
given an Early Oligocene age based on foraminiferal, dino-
flagellate and strontium isotope analyses (Appendix 1).

In the exploration well 6510/2-1 on the Vega High to the
south (Fig. 1) the Molo Formation was sampled with
sidewall cores. Unfortunately, the cores were not of very
high quality and the in situ sampled material was mixed
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Fig. 5. The Molo Formation 50 km north of Draugen. Although not dated the unit between the brown and red lines is probably equivalent to the

upper Brygge Formation unit at Draugen.

with caved sediments. The cores were investigated by
means of foraminifera, dinoflagellate and strontium iso-
tope analyses and the deposits assigned an Early Miocene
age in Appendix 1.

This was the status when we started re-analysing the
Draugen field wells.

Regional framework

In order to embrace the Molo Formation both in space
and stratigraphically, we here discuss the entire period
from the opening of the Norwegian Sea in earliest Eocene
to the Present day, keeping focus on the Molo Forma-
tion. This period spans deposition of the Brygge Forma-
tion sediments (Hordaland Group) from Early Eocene
to Early Miocene, the Kai/Molo formations from Mid-
dle Miocene to Early Pliocene (approximately 14-4 Ma)
and the Naust Formation from the Late Pliocene to the
Present (<2.8 Ma). The Kai/Molo and Naust formations
belong to the Nordland Group (Fig. 3).

After regional uplift during the Palaeocene with shallow
marine conditions and subaerial exposure of large areas,
the entire margin subsided and the sea transgressed the
margin and part of the mainland. The Brygge Forma-
tion was deposited in this period and is clay-dominated
on the present day shelf and ooze-dominated in the dis-
tal, deeper marine More and Vering basins. Deposition
was concentrated in the Mgre Basin and the outer part
of the Vering Basin, with thicknesses of 600-1000 m and
500-700 m, respectively (Norwegian Deepwater Pro-
gramme 2004). The ooze sediments are characterised by
small-scale polygonal faulting, interpreted to be caused
by compaction and water escape. The Brygge Formation

sediments have in some places been remobilised by diffe-
rent processes. Sliding is observed occasionally on the
shelf and palaeoslope, while mounding and diapirism are
more frequent in the basins, for instance around the Vema
Dome/Nyk High. Liquefaction and vertical squeezing has
been observed in crater-like forms within the Storegga
Slide area, west of the Haltenbanken (Vigrid) area and
in the Vema Dome area (Riis et al. 2005). All reactivation
seems to have occurred during or after deposition of the
glacially influenced Naust Formation sediments.

During the Oligocene there seems to have been tectonic
activity resulting in compression and uplift of basin
flanks and the landward part of the margin. It culmi-
nated in a regional uplift in the mid Miocene (e.g. Brekke
2000; Loseth & Henriksen 2005), corresponding to the
“mid Miocene unconformity”. The exact age of this phase
has been widely discussed, but it has now been accurately
dated to the Early-Middle Miocene transition in several
wells, with almost complete sediment columns, from the
southern Viking Graben (Rundberg & Eidvin 2005; Eid-
vin & Rundberg in press). There is a significant hiatus in
most wells on the middle and inner margins (Fig. 3). The
missing section frequently spans from Lower/Middle
Eocene to Middle Miocene. The Molo and Kai forma-
tions rest on top of the Middle Miocene unconformity.

In wells 6407/9-3 and -5 there is an up to 22 m thick sec-
tion of Lower Miocene sediments. It is wedge-shaped and
overlies a clear erosional unconformity (Fig. 4). The strati-
graphic gap in well 6407/9-5 ranges from Lower Oligocene
to Lower Miocene. A fine grained Lower Miocene unit in
the northern North Sea is bounded below and above by
similar unconformities (Eidvin & Rundberg 2001; Rund-
berg & Eidvin 2005). About 50 km northeast of the Drau-
gen Field another wedge with the same stratigraphic posi-
tion and appearance has been observed (Fig. 5). It has not
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Fig. 6. NW-SE line on northern Haltenbanken showing the stratgraphic relationships of the Brygge, Kai and Molo formations. The Molo Formation
is the proximal time equivalent to the Kai Formation. Well correlation and dating of the formations are essential to obtain the correct definition.
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Upper Miocene and Lower Pliocene sandy deposits
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Fig. 8. The Molo Formation is the time equivalent to the Utsira Formation in the North Sea. The Molo Formation was deposited from the east,
while the Utsira Formation was deposited both from the Shetland Platform in the west and the Sognefjorden area in the east. The extent of the
Utsira Formation is according to Rundberg & Eidvin (2005), and the isopach map of the Molo Formation is according to Bullimore et al. (2005).
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the Molo and Kai for-
mations are proximal
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Miocene  unconfor-
mity separates the Kai
and Molo formations
from the underlying
Brygge Formation.

STWT

been dated, but from comparisons it might be similar to
the one at the Draugen Field. Stratigraphically and age-wise,
the wedge belongs to the Brygge Formation. The uncon-
formity below the wedge seems to represent more active
erosion than the Mid Miocene unconformity on top.
There are few signs of erosional products related to any
of the two hiati, which indicates that the Mid Miocene
Unconformity is more one of non-deposition rather than
indicative of a major erosional episode.

After the Mid Miocene uplift, sedimentation resumed on
the outer and middle part of the margin. Clay-dominated
sediments belonging to the Kai Formation are dated as
late Middle Miocene and younger. On the middle/inner
part of the shelf, we have dated the sand-dominated
Molo Formation as Late Miocene and Early Pliocene.
This implies that the Molo Formation is of the same age
as the Kai Formation, but may lack the oldest (Middle to
early Late Miocene) part (Fig. 3). Based on dating and
seismic correlation we interpret the Molo Formation to
be the proximal equivalent to the more distally deposited
Kai Formation (Fig. 6). A more thorough description of
the Molo Formation is given below.

On the shelf and slope down to the deeper More and
Voring basins the Kai Formation is overall clayey with
ooze in the basinal part. It has a similar polygonal fault
pattern as the Brygge Formation, although in detail there
are differences in seismic facies between the two units.
After deposition of the Kai and Molo formations, the cli-
mate cooled, glaciers started to grow and the glaciations
in Scandinavia were introduced. Based on the amount
of ice-rafted debris in deep-sea cores (Fronval & Jansen
1996), it is common to interpret the first glacial advances
to the Norwegian coast to be Late Pliocene, approximately
2.8 million years ago. Until approximately 1.5 Ma, the gla-
ciers were probably restricted to the mainland and did not
extend on to the shelf (Bugge et al. 2004, Rise et al. 2005).
Up to approximately 0.5 Ma glaciers periodically advanced
on to the shelf, and after 0.5 Ma massive glaciers covered
the entire shelf during three glacial periods.

The thick Naust Formation was deposited during a com-

paratively short time and contains few significant bio-
stratigraphical events. Fossil analyses of ditch cuttings
are not sufficient to obtain a detailed stratigraphy in this
formation. Only paleomagnetic investigations of cored
sections can give satisfactory results, but such evidence is
scarce. However, our investigation indicates that there is
generally a hiatus below the Naust Formation. Sediments
representing late Early to early Late Pliocene are identi-
fied with certainty, only on the Vering Plateau where
these deposits are cored in ODP/DSDP-drillings.

Characteristics of the Molo Formation

The Molo Formation has a unique seismic character, par-
ticularly on high-resolution seismic data. The Continen-
tal Shelf Institute (IKU, later Sintef Petroleum Research)
mapped it in detail by acquiring a regular grid of single
channel sparker data on the Mid-Norwegian continen-
tal shelf (Rokoengen et al. 1988). The seismic facies is not
always easy to recognise on conventional multichannel 2D
data and correct correlation and mapping of the outcrop
position often benefitis from correlation with the map
published by Rokoengen et al. (1988).

The Molo Formation was deposited from the coast off
More (63°15°N) to the Lofoten Islands (67°50’N), i.e., over
a distance of about 500 km (Fig. 1). It represents a pro-
grading system comprising fairly steep clinoforms (5-15
degrees). In the inner part top set beds are normally mis-
sing and we interpret this to be the result of later erosion.
The outer part normally includes the top sets. The bottom
sets are preserved all through. Henriksen & Weimer (1996)
mapped the northern part of the Molo Formation in detail
and subdivided it in up to 38 sub sequences (Fig. 7). There
is clear evidences for forced regression during the time of
deposition, thus demonstrating relative lowering of sea
level. This could be due to uplift rather than to lowering of
the eustatic sea level. We prefer uplift for several reasons.
The coincidence with the mid Miocene compression and
uplift event seems to explain why such a significant volume
of sediment was eroded and re-deposited during a rea-
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sites 642 and 643 on the Voring Plateau (Spiegler & Jansen 1989, Miiller & Spiegler 1993). The IRD curve is after Jansen ¢ Sjoholm (1991) and Fronval & Jansen (1996).
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sonably short period. The in situ fossil assemblages in the
Draugen Field area indicate a shallow shelfal environment,
and the assemblages in the proximal wells are reworked.
The prograding clinoforms suggest a fairly high-energy
coastal environment. The sandy lithology also supports
such an interpretation. Some of the wells in proximal parts
and some of the vibro cores acquired by IKU contain deep
red to yellow oxidized sand similar to the deposits cored
from the Palaeocene Tare Formation outcropping 10-15
km to the east of the Molo Formation (Bugge et al. 1984),
and similar to the sediment recorded in the Tare Forma-
tion in well 6510/2-1 (Vega High, Appendix 1). Erosion
and recycling of these sediments are better explained by
uplift to the east than by eustatic lowering of sea level.

It has not been possible to identify any particular entry
points for sediments being fed into the Molo Forma-
tion. This may be explained by a regional uplift of the
mainland and eastern basin margin exposing the entire
coastline to erosion. Long-shore currents probably rede-
posited and redistributed the sediments. All the way up
towards Lofoten, the Molo Formation seems to have
been deposited from the east. An exception is the north-
ern part where the strike turns to a more westerly direc-
tion, indicating that the Rostbanken/Rast High area off
Lofoten was a source area. This represents the northern
termination of the Molo Formation.

Dating of the Molo Formation and corre-
lation between the Molo, Kai and Utsira
formations

Re-analysis of the Molo Formation in the Draugen Field
wells 6407/9-1, 6407/9-2 and 6407/9-5 shows the occur-
rence of in situ Late Miocene and Early Pliocene Bolbo-
forma, planktonic and benthic foraminifera and dino-
flagellate cysts. Datings by means of strontium isotope
stratigraphy support the ages given by biostratigraphic
correlations. Upper Miocene sediments are only recorded
in well 6407/9-5. Sediments giving a general Late Mio-
cene to Early Pliocene age are observed in well 6407/9-
1. Lower Pliocene deposits are recorded in all the wells
(Figs. 10 and A1-A6).

In the present study we have investigated the Kai Forma-
tion in well 6507/12-1, 6508/5-1, 6609/5-1 and 6609/11-1
(Figs. A12-A16). In previous studies we have investigated
the Kai Formation in well 6506/12-4 on the Halten Ter-
race (Eidvin et al. 1998), well 6607/5-1 on the Utgard
High (Eidvin et al. 1998) and in cored sections of bore-
hole 6704/12-GB1 at the Gjallar Ridge (T. Eidvin per-
sonal investigation, Fig. 1). The Utsira Formation has been
investigated in wells 15/12-3, 15/9-A-23, 16/1-2, 24/12-1
and 25/10-2 in the southern Viking Graben (North Sea,
Rundberg & Eidvin 2005 and in press) and in wells 34/8-1,
34/8-3A, 34/7-1, 34/4-7, 34/4-6, 34/2-4 and 35/11-1 in the
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northern North Sea (Eidvin & Rundberg 2001, Fig. 8).

In the lower part of all formations, except in most wells from
the northern North Sea Quadrant 34, we were able to recog-
nise planktonic fossil assemblages which include the impor-
tant index fossil of the genus Bolboforma. These can be cor-
related with the Bolboforma zonation of Spiegler & Miiller
(1992) and Miiller & Spiegler (1993), established through
the ODP/DSDP drillings in the North Atlantic and the Nor-
wegian Sea. Correlation with these zones may yield quite
accurate ages, since the zones are of short duration and are
calibrated using nannoplankton and paleomagnetic data.
The Bolboforma metzmacheri assemblage recorded in the
lower part of the Utsira Formation in well 25/10-2 (Eidvin
& Rundberg in press), in the lower to middle part of the Kai
Formation in wells 6508/5-1, 6609/5-1 and 6607/5-1 (Eid-
vin et al. 1998) and in the lower part of the Molo Formation
in well 6407/9-5 can be correlated with the B. metzmacheri
Zone of Spiegler & Miiller (1992) and Miiller & Spiegler
(1993, Figs. 11, Al, A14 and A15). This zone is described
from sediments with an age of approximately 10.0-8.7 My
in the North Atlantic and the Norwegian Sea.

The Bolboforma fragori assemblage in the base of the Utsira
Formation in wells 24/12-1 and 25/10-2 (Eidvin & Rund-
berg in press), the Bolboforma subfragori assemblage in the
base of the Kai Formation in well 6609/11-1 and the B. sub-
fragori - B. fragori assemblage in wells 6507/12-1, 6508/5-1
and 6609/5-1 can be correlated with the B. fragori/B. sub-
fragori Zone of Spiegler & Miiller (1992) and Miiller &
Spiegler (1993, Figs. 11,12, A12, A14, A15 and A16). This
zone is known from deposits with an age of approximately
11.9-10.3 My in the North Atlantic and the Norwegian Sea.
Immediately below the Utsira Formation (lower part of the
Nordland Group) in well 24/12-1 and 25/10-2 (Eidvin &
Rundberg in press) we recorded the Bolboforma badenensis
and Bolboforma reticulata assemblages. These can be corre-
lated with the B. badenensis/B. reticulata Zone of Miiller &
Spiegler (1993) which they recognised in deposits with an
age slightly older than 14.0 to 11.9 My in the North Atlantic
and the Norwegian Sea. This unit is also present in the base
of the Kai Formation, immediately above the mid Miocene
seismic reflector in well 6507/12-1 (Trendelag Platform),
and the upper part of the unit is recorded in the Kai For-
mation in borehole 6704/12-GB1 (Gjallar Ridge, T. Eidvin
personal investigation, Figs. 8, 11 and 12).

In the lower and middle part of the Utsira Formation in
wells 24/12-1 and 25/10-2, we recorded the calcareous
benthic U. venusta saxonica assemblage. This assemblage is
also present in the lower to middle part of the Kai Forma-
tion in wells 6609/11-1, 6508/5-1, 6507/12-1 and 6609/5-1
(Figs. 11, 12, A12, A14, A15 and A16). According to King
(1989) Uvigerina venusta saxonica is known from Upper
Miocene to Lower Pliocene deposits in the North Sea area.
This unit is not present in the Molo Formation in well
6407/9-5. This may be because there is a hiatus within the
unit, but it is most likely due to depositional water depth or
other environmental factors. Uppermost in the Utsira For-
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Table 1. Strontium isotope data from investigated wells

Well 6407/9-5

Litho. Unit Sample (DC) Measured #/%°Sr | 2S error Corrected #%¢Sr | Dating (H&McA) | Comments
Molo Fm 710-730 m 0.709124 0.000010 0.709010 5.69 Ma

Molo Fm 740 m 0.709090 0.000012 0.709006 5.75 Ma

Molo Fm 750-760 m 0.709144 0.000026 0.709030 5.18 Ma

Molo Fm 770-780 m 0.709087 0.000007 0.709003 5.79 Ma

Hordaland Gr 810-830 m 0.708049 0.000010 0.707972 30.30 Ma

Well 6407/9-1

Molo Fm 790 m 0.708953 0.000023 0.708989 6.0 Ma

Hordaland Gr 900 m 0.707848 0.000014 0.707884 32.4 Ma

Well 6510/2-1 (according to Nedtvedt, 1999)

Molo Fm 480 m 0.708680 17.06 Ma Reworked
Well 6610/3-1 (according to Eidvin et al., 1998a)

Molo Fm 525 m (SWC) 33.6 Ma Reworked
Molo Fm 555 m (SWC) 36.9 Ma Reworked
Well 6610/3-1

Molo Fm | 555 m (SWC) | 0.707776 | 0.000014 | 0.707745 | 37.53 Ma | Reworked
Well 6610/2-1S (according to Nedtvedt, 1999)

Hordaland Gr | 990-1010 m | | 0.000015 | 0.707894 | 32.22 Ma |

Well 6609/11-1

Kai Fm | 1260 m | 0.708983 | 0.000013 | 0.708968 | 6.32 Ma |

Well 6508/5-1

Kai Fm 1260 m 0.709015 0.000008 0.798991 5.95 Ma

Kai Fm 1260 m 0.708989 0.000012 0.708965 6.42 Ma

Well 6609/5-1

Kai Fm 1650-1660 m 0.708911 0.000016 0.708900 9.55 Ma

Well 6507/12-1

Kai Fm 1430-1450 m 0.708937 0.000008 0.708897 9.67 Ma

Kai Fm 1460 m 0.708971 0.000029 0.708931 7.95 Ma

Kai Fm 1470 m 0.708904 0.000009 0.708865 10.86 Ma

Well 6607/5-1 (according to Nedtvedt, 1999)

Kai Fm 2322-2301 m 0.000010 0.709021 5.22 Ma

Kai Fm 2331-2322 m 0.000010 0.709027 5.07 Ma

Kai Fm 2331-2322 m 0.000008 0.708967 6.24 Ma

Kai Fm 2361-2337 m 0.000008 0.708947 6.89 Ma

Kai Fm 2361 m 0.000009 0.708993 5.74 Ma

Kai Fm 2361-2337 m 0.000011 0.708992 5.92 Ma Plankt. foram.
Kai Fm 2391 m 0.000009 0.708859 11.01 Ma Bolboforma
Well 6506/12-4

Kai Fm 1820-1800 m 0.000023 0.709025 5.32 Ma

Kai Fm 1880-1840 m 0.000026 0.709026 5.30 Ma

Table 1. Strontium isotope data from investigated wells. If not stated otherwise the samples are based on analyses of tests of calcareous benthic forami-
nifera. All Sr ratios were corrected to NIST 987 = 0.710248. Numerical ages were derived from the SIS Look-up Table Version 3:10/99 of Howard &
McArthur (1997). SWC = sample from sidewall core. DC = sample from ditch cuttings. NIST = National Institute for Standard and Technology.
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mation in well 24/12-1 we recorded the calcareous benthic
Monspeliensina pseudotepida assemblage. This unit is

also recognised in the upper part of the Molo Formation
in well 6407/9-5 and in the lower part of this formation in
well 6407/9-2 where a smaller section of this assemblage
is present (Figs. 10 and 12). According to King (1989) M.
pseudotepida is known from the uppermost Upper Mio-
cene to the lowermost Upper Pliocene in the North Sea
area. M. pseudotepida is not recorded in any well where
we have investigated the Kai Formation. This is probably
due to the fact that M. pseudotepida was a shallow water
dweller (Skarbe & Verdenius 1986). The upper parts of the
Utsira and Molo formations were probably deposited on
the inner shelf unlike the Kai Formation, which was prob-
ably deposited on the middle and outer shelf.

Uppermost in the Molo Formation we recorded a calcar-
eous benthic Eponides pygmeus assemblage or E. pygmeus
— Sphaeroidina bulloides assemblage. An E. pygmeus assem-
blage is also recognised in the upper part of the Kai For-
mation in wells 6507/12-1 and 6508/5-1 (Figs. 10, A14 and
A16). An E. pygmeus — Globocassidulina subglobosa assem-
blage is seen in the upper part of the Kai Formation in well
6607/11-1, and a Cibicides telegdi - E. pygmeus assemblage
was recorded in the upper part of the Kai Formation in
wells 6607/5-1 (Utgard High) and 6506/12-4 (Halten Ter-
race, Eidvin et al. 1998). E. pygmeus is also known from the
upper part of the Utsira Formation in wells 24/12-1 and
25/10-2 (Fidvin & Rundberg in press) and 34/8-3A (Eid-
vin & Rundberg 2001, Fig. 8) and in several other wells
where the Utsira Formation has been investigated.

Strontium isotope stratigraphy, based on analyses of
calcareous index fossils, can also be used for correlation
between the formations. The four intervals analysed
for strontium isotopes in the Molo Formation in well
6407/9-5 gave ages varying from approximately 5.8 to
5.2 My (Table 1, Fig. Al). Such ages fit quite well with
the ages suggested by biostratigraphic correlation for the
upper part of the unit. However, it is somewhat younger
than the age suggested by correlation of the occurrence
of B. metzmacheri, in the lower part of the unit, to the
deep sea record (approximately 10.0-8.7 My). One sam-
ple taken from the upper part of the Molo Formation in
well 6407/9-1 gave an age of approximately 6.0 My (Table
1, Fig. A3). It should be noted that all the studied Drau-
gen wells (6407/9-1, /9-2 and /9-5) are distally located
in the Molo Formation and do not penetrate the oldest
parts of the formation (Fig. 4a). The Molo Formation
could thus comprise somewhat older sediments than the
ones dated.

One sample taken from the middle part of the Kai For-
mation in well 6609/11-1 gave an age of approximately
6.3 My (Table 1, Fig. A12). Two samples taken from one
interval in the middle part of the Kai Formation in well
6508/5-1 gave ages of approximately 6.4 and 6.0 My
(Table 1, Fig. A14). Two samples taken from an interval
in the lower half of the Kai Formation in well 6506/12-4
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(Halten Terrace, Table 1, Fig. 1) gave both ages of approx-
imately 5.3 My. Several samples taken from the lower half
of the Kai Formation in well 6607/5-1 (Utgard High,
Table 1, Fig. 1) gave ages varying from 6.9 to 5.1 My. The
oldest age is recorded from the lowermost of these sam-
ples occurring in a B. metzmacheri assemblage. One sam-
ple close to the base of the Kai Formation in the same
well gave an age of approximately 11.0 My. This sample
occurs in a B. subfragori/B. fragori assemblage (Eidvin
et al. 1998, Nadtvedt 1999). Two samples close to the
base of the Kai Formation in well 6507/12-1 (Trendelag
Platform), which also occur in a B. subfragori/B. fragori
assemblage, gave approximately 8.0 and 10.9 My (Table
1, Fig. A16). One sample taken from the lower half of the
Kai Formation in well 6609/5-1 gave an age of approxi-
mately 9.6 My (Table 1, Fig. A15). This sample occurs
in a Bolboforma laevis assemblage, which is known from
deposits with an age of approximately 10.3-10.0 My in
the Norwegian Sea and in the North Atlantic (Spiegler &
Miiller 1992, Miiller & Spiegler 1993).

Several samples taken from the thin unit of glauconitic
sand, which represents the Utsira Formation in well 34/8-
1,34/4-6 and 34/4-7 (northern North Sea, Fig. 8), gave ages
varying from 5.6 to 5.0 My (Eidvin & Rundberg 2001).

A large number of strontium isotope ages were obtained
from the Utsira Formation in the wells 15/12-3, 15/9-
A-23, 16/1-2, 24/12-1 and 25/10-2 from the southern
Viking Graben. In these wells mainly mollusc fragments
were used for the analyses since the deposits are very rich
on molluscs, but not so rich in foraminiferal index fos-
sils. We were not able to identify the mollusc fragments
and consequently could not exclude caved or reworked
shells. The analyses gave some variation in age, and it was
obvious that some caved and reworked shells were anal-
ysed. However, most samples in the upper parts, i.e. parts
which, according to the biostratigraphic correlation are
of Early Pliocene age, gave ages varying from approxi-
mately 5 to 4 My. Most samples from the lower parts, i.e.
parts which according to biostratigraphic correlation are
of Late Miocene age, gave ages varying from approxi-
mately 12 to 5 My (Eidvin & Rundberg in press).

Lithologically, there are also large similarities between
the Molo Formation in wells from the Draugen Field
(Trondelag Platform) and the Utsira Formation in wells
from the Snorre and Visund fields in the northern North
Sea (Fig. 8). The Utsira Formation in these wells consists
mainly of very dark glauconitic sand (Eidvin & Rund-
berg 2001). The same kind of sand is also present in the
Molo Formation in the Draugen Field, but these deposits
also contain some clay and silt. East of the Snorre and
Visund fields in the northern North Sea the glauconitic
beds probably drape over the main Utsira sand (Eidvin &
Rundberg 2001). The main Utsira sand was investigated
in well 35/11-1, and the sediments here consist of white,
coarse, well sorted quartzose sand which probably origi-
nates from the Sognefjord area. The deposits are nearly
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barren of micro fossils, but the few recorded forms point
to a Late Miocene age (Eidvin & Rundberg 2001). The
Utsira Formation, in wells from the southern Viking Gra-
ben, also contains mainly quartzose sands with some thin
glauconite beds. These sands are also mainly whitish, but
in some sections the grains are slightly rust-tinted due to
oxidation of the glauconite. The quartzose sands from the
North Sea are, however, quite different from the quartzose
sands recorded in wells and boreholes from the proximal
part of the Molo Formation in the Nordland Ridge area.
The deposits here consist of red to dark yellow, probably
lateritic sand, with well rounded, tinted pebbles. These dif-
ferences indicate that the sandy sediments on the Nord-
land Ridge were originally deposited during a period with
a much warmer climate and were later redeposited and
incorporated into the Molo Formation.

In Eidvin et al. (1998, 2000) the Cibicides telegdi- Eponides
pygmeus-Neogloboquadrina atlantica (dextral) zone in
the upper part of the Kai Formation in well 6607/5-1
(Utgard High) and the Nonion affine — Neogloboquadrina
atlantica (dextral) zone and the Cibicides telegdi- Eponides
pygmeus-Neogloboquadrina atlantica (dextral) zone in
the upper part of the Kai Formation in well 6506/12-4
(Halten Terrace, Fig. 1) were given a Late Miocene age
based on the occurrence of N. atlantica (dextral). How-
ever, N. atlantica (dextral) is known to occur in both
uppermost Upper Pliocene and Upper Miocene on the
Voring Plateau (Spiegler & Jansen 1992, Miiller & Spie-
gler 1993). These stratigraphical units most likely corre-
late with the foraminiferal assemblages in the upper part
of the Kai Formation in wells 6609/11-1 and 6507/12-1
(Trendelag Platform) and the upper part of the Molo For-
mation in wells 6407/9-1, /9-2 and /9-5 (Trendelag Plat-
form) and are most likely of Early Pliocene age (Fig. 1).
The occurrence of N. atlantica (dextral) is probably caved
from Upper Pliocene deposits or reworked from Upper
Miocene deposits. A Late Miocene age for the lower part
of the Kai Formation in wells 6607/5-1 and 6506/12-4 was
verified by strontium isotope analyses (Table 1).

In addition to regional uplift the deposits of the Molo, Kai
and Utsira formations are probably also a response to the
Neogene climatic evolution of regions surrounding the
North Atlantic and the Norwegian-Greenland Sea. The first
signs of Northern Hemisphere glaciation, recorded in ODP
sites on the Vering Plateau probably originated in Green-
land and date to ~12.6 Ma (latest Middle Miocene, Fronval
& Jansen 1996). This event is associated with a global reor-
ganisation of ocean circulation which occurred at the same
time (Wright & Miller 1993), and marks the onset of contin-
uous northern component deep water and the subsequent
increased water mass exchange between the sub-Arctic
and the world ocean. Although the onset of a more erosive
regime on the Norwegian mainland appears to be related to
climatic development in the Miocene, there is so far no evi-
dence for the existence of glaciers on the eastern seaboard
of the Norwegian-Greenland Sea during this period. There
was a significant increase in the supply of ice-rafted debris
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to the deep ocean, associated with climatic cooling in the
latest Miocene (Messinian event, Jansen & Sjeholm 1991,
Fronval & Jansen 1996). To date, however, firm evidence for
the existence of glaciers has been documented only from
Greenland (Larsen et al. 1994, Jansen, Raymo & Blum et al.
1996), but small ice caps may also have been present in the
highest areas of Fennoscandia.

Conclusions

During the Oligocene there seems to have been tectonic
activity resulting in compression and uplift of basin flanks
on the landward parts of the margin. It culminated in a
regional uplift in the mid Miocene. There is a significant
hiatus in most wells on the middle and inner margins (Fig.
3). The missing section spans from Lower/Middle Eocene
to Middle Miocene. The Molo Formation was deposited by
coastal progradation as a result of this uplift. The sediments
are sandy, shallow marine with a typical clinoform geome-
try. Distally to this the Kai Formation was deposited in a
generally deeper marine setting. There was often a bypass
zone between the Molo and the Kai formations. (Fig. 9).

In wells 6407/9-3 and /9-5 there is a section about 20 m
thick of Lower Miocene sediments. It is wedge-shaped and
overlies a clear erosional unconformity (Fig. 4). The strati-
graphic gap ranges from Lower Oligocene to Lower Mio-
cene. Stratigraphically and age-wise, the wedge belongs to
the Brygge Formation. The unconformity below the wedge
seems to represent more active erosion than the Mid Mio-
cene unconformity on top. There are few signs of ero-
sional products related to any of the two hiati, which indi-
cates that the Mid Miocene Unconformity is more related
to non-deposition rather than marking a major erosional
episode. After the Mid Miocene uplift clay-dominated sed-
iments belonging to the Kai Formation were deposited on
the outer and middle parts of the margin. On the middle/
inner part of the shelf sand-dominated sediments of the
Molo Formation were laid down.

The Molo Formation was deposited from the coast off
More (63°15°N) to the Lofoten Islands (67°50’N), i.e., over
a distance of about 500 km (Fig. 1). It represents a pro-
grading system comprising fairly steep clinoforms (5-15
degrees). In the inner part top set beds are normally miss-
ing and we interpret this to be the result of later erosion.
The outer part somewhere includes top sets, but forced
regression frequently prevented these from being deposi-
ted. The bottom sets are preserved throughout.

A re-dating of the Molo Formation in the distal Draugen
Field wells 6407/9-1, 6407/9-2 and 6407/9-5, based on
analyses of planktonic and benthic foraminifera, dinofla-
gellate cysts and strontium isotopes, gave the unit a Late
Miocene to Early Pliocene age. This age contradicts the
ages previously given to this unit by biostratigraphic con-
sultants. It also contradicts an Early Oligocene age which
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lower to middle part of the Kai Formation in wells 6508/5-1,

6609/5-1 and 6607/5-1 (Figs. 11, A14 and A15).

was obtained by our previous investigation of wells and
boreholes from the proximal parts of the formation.

At the base of the Utsira Formation in well 25/10-2 and

We are able to correlate the Molo Formation with the Kai
Formation to the west and the Utsira Formation in the
North Sea by means of the benthic and planktonic fos-
sil and strontium isotope data. The most complete section
of the Molo Formation was found in well 6407/9-5, and
especially noteworthy is the recording of the planktonic B.
metzmacheri assemblage in the lower part of the unit in this

near the base in well 24/12-1 and at the base or near the

base of the Kai Formation in wells 6609/11-1, 6508/5-1,

6609/5-1 and 6507/12-1 we were able to record a B. fragori

assemblage which correlates with the B. fragori/B. sub-
fragori Zone of Spiegler & Miiller (1992) and Miller &

Spiegler (1993, 11.9-10.3 Ma). In the base of the Kai For-

badenensis/B. reticulata assemblage which correlates with
the B. badenensis/B. reticulata Zone of Spiegler & Miiller

mation in well 6507/12-1 we were also able to record a B.
(1992) and Miiller & Spiegler (1993). This zone is the old-

well. Correlation of shelfal fossil assemblages with the deep
ocean Bolboforma zones may vield quite accurate ages, since

the zones are of short duration and are calibrated using
nannoplankton and paleomagnetic data. Spiegler & Miil-

est of the Bolboforma zones in the North Atlantic and the
Norwegian Sea and gives an age slightly older than 14 to

11.9 My. In the southern Viking Graben, North Sea, the B.

ler (1992) and Miiller & Spiegler (1993) were able to give

their B. metzmacheri Zone an accurate age of 10.0-8.7 My.

In addition to well 6407/9-5, we have recorded a B. metzm-

badenensis/B. reticulata assemblage is recorded in a num-

acheri assemblage in the lower part of the Utsira Formation
in well 25/10-2 (Eidvin & Rundberg in press) and in the

ber of wells in the fine grained deposits at the base of the
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Nordland Group, just below the Utsira Formation. How-
ever, in wells 24/12-1 and 15/12-3 the uppermost part of
the B. badenensis/B. reticulata assemblage is within the
lowermost part of the Utsira Formation (Eidvin & Rund-
berg in press). This implies that the oldest part of both the
Utsira Formation and the Kai Formation is older than the
oldest sediment we were able to record from the Molo For-
mation in the Draugen Field wells (the oldest parts were
not penetrated). It also indicates that the oldest part of the
Kai Formation is slightly older than the oldest part of the
Utsira Formation (Fig. 3), although it should be noted that
none of the wells penetrated the oldest parts.

Appendix 1
Investigation of the Molo Formation

Stratigraphy and lithology of wells 6407/9-1, 6407/9-
2 and 6407/9-5 in the Draugen Field on the Trendelag
Platform

Well locations, material and methods

Wells  6407/9-1 (64°21’56.14”N,  07°47°20.86”E),
6407/9-2 (64°24’1.31”N, 07°48’11.26”E) and 6407/9-5
(64°16°42.35”N, 07°44’14.66”E) were drilled in the south-
ern distal part of the Molo Formation in the Draugen
Field (Trendelag Platform, Fig. 1). A number of 30 ditch
cutting samples from well 6407/9-1, 15 ditch cutting sam-
ples from well 6407/9-2 and 25 ditch cutting samples from
well 6407/9-5 were used for the study. All the samples were
analysed for foraminifera and Bolboforma and in some sec-
tions also for pyritized diatoms. Nine samples were anal-
ysed for dinoflagellates in well 6407/9-1, 14 samples in well
6407/9-2 and 25 samples in well 6407/9-5. For analyses of
foraminifera, Bolboforma and diatoms 50-100 g of mate-
rial were used. The micropalaeontological identification
was carried out in the 106- to 500-pm fraction. The frac-
tions <106 um and >500-pm were also inspected. Approx-
imately 300 individuals were picked from each sample. In
order to optimise identification of the assemblages, a num-
ber of samples rich in terrigenous grains were gravity-sepa-
rated in heavy liquid. In such cases, 1000-1500 individuals
were analysed in fossil-rich samples. Palynomorphs were
extracted from 20-30 g material, using conventional
preparation methods involving removal of carbonates and
silica by HCL and HE respectively. The organic residues
were subsequently oxidised with nitric acid to remove
pyrite and some of the amorphous organic matter.

Micropalaeontological assemblages

The Upper Miocene and Pliocene sections contain rich to
moderately rich faunas of mainly calcareous benthic and
planktonic foraminifera. In addition, the Upper Miocene
(well 6407/9-5) contains a moderately rich assemblage of
Bolboforma. The fossil assemblages in the Oligocene and
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Lower Miocene (well 6407/9-5) sections are dominated
by radiolaria, pyritized diatoms and sponge spicules, but
contain also sparse faunas of calcareous benthic foramini-
fera and some agglutinated foraminifera. It is supposed
that the faunal turnover at the mid-Miocene unconfor-
mity reflects a change in depositional conditions from
shallow water (above) to deeper water (below).

Well 6407/9-5
Benthic foraminiferal assemblages

ELPHIDIELLA HANNAI ASSEMBLAGE

Definition: The top of the assemblage extends to the
uppermost investigated sample (620 m). The base is
marked by the highest/youngest consistent occurrence of
E. pygmeus.

Depth range: 620-670 m.

Material: Five ditch cutting samples.

Age: Late Pliocene.

Lithostratigraphic unit: Naust Formation.

Correlation: Zone NSB 15 of King (1989), Cibicides grossa
zone of Stratlab (1988) and Zone NSR 12 B of Gradstein
& Bickstrom (1996).

Description: This interval contains a rich benthic fauna of
mainly calcareous foraminifera. Elphidium excavatum and
Cassidulina teretis occur most frequently. Cibicides lobatu-
lus, Elphidium albiumbilicatum and Bulimimina marginata
are also common. Other important species include Elphi-
diella hannai, Cibicides grossus, Nonion affine, Cassidulina
reniforme and Cibicides scaldisiensis (Fig. A1).

Remarks: With the exception of E. hannai and C. grossus all
the in situ benthic foraminifera are extant species. Accord-
ing to King (1989) E. hannai and C. grossus are found in
the northern North Sea in Upper Pliocene to lower Pleis-
tocene deposits. According to King (1989) the first appear-
ance datums (FADs) of these species are considerably
higher than the Lower/Upper Pliocene boundary (3.56
Ma). C. grossus is, however, recorded in deposits as old as
the late Middle Miocene on the Vering Plateau (T. Eidvin,
unpublished data) and as old as the Late Miocene in the
Netherlands. However, E. hannai is known from Upper
Pliocene deposits in the latter area (Doppert 1980).

EPONIDES PYGMEUS ASSEMBLAGE

Definition: The top of the assemblage is taken at the high-
est/youngest consistent occurrence of E. pygmeus. The
base is marked by the highest/youngest occurrence of M.
pseudotepida.

Depth range: 670-710 m.

Material: Four ditch cutting samples.

Age: Early Pliocene.

Lithostratigraphic unit: Molo Formation.

Correlation: Probably Cibicides telegdi — Eponides pygmeus
— Neogloboquadrina atlantica (dextral) zone of Eidvin et
al. (1998) and probably lower part of Melonis — Trifarina
zone of Stratlab (1988).

Description: This assemblage contains a rich benthic
fauna of mainly calcareous foraminifera. N. affine and
C. teretis occur most frequently. Other important taxa
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includes E. pygmeus, Loxostomoides lammersi, Sigmilopsis
schlumbergeri (agglutinated), Quinqueloculina seminu-
lum, B. marginata, C. lobatulus, Angulogerina fluens and
G. subglobosa (lowermost sample, Fig. Al).

Remarks: Most of the recorded benthic specimens are
known from sediments from almost the entire Neogene.
However, E. pygmeus is described from the Oligocene
in Denmark and Germany (Grossheide & Trunko 1965,
Hausmann 1964, Kummerle 1963, Ulleberg 1974). This
species is recorded in deposits from the Oligocene to the
Lower Pliocene in the North Sea and on the Norwegian Sea
continental shelf (Stratlab 1988, Eidvin et al. 1998, Eidvin
& Rundberg 2001 and Eidvin & Rundberg in press). In the
North Sea, a few tests of E. pygmeus are also recorded in
basal Upper Pliocene deposits (Eidvin & Rundberg 2001,
Eidvin & Rundberg in press). However, E. pygmeus have
very small tests are easily transported and the occurrence
in Upper Pliocene deposits is probably due to reworking.
Since taxa no older than earliest Late Miocene are recorded
in the immediately underlying assemblage, this assemblage
is most likely of Early Pliocene age.

MONSPELIENSINA PSEUDOTEPIDA ASSEMBLAGE
Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of M. pseudotepida. The base is
marked by the highest/youngest common occurrence of
G. subglobosa.

Depth range: 710-750 m.

Material: Four ditch cutting samples.

Age: Early Pliocene.

Lithostratigraphic unit: Molo Formation.

Correlation: Subzone NSB 14a of King (1989), Zone NSR
12A of Gradstein & Bickstrom (1996).

Description: This interval contains a moderately rich
benthic fauna of mainly calcareous foraminifera. There
are fewer specimens than in the immediately over-
lying unit. No species are common, but important
taxa include M. pseudotepida, G. subglobosa, L. lam-
mersi, Textularia truncate (agglutinated), S. bulloides
(lower part), Cibicidoides limbatosuturalis (lower part),
S. schlumbergeri (agglutinated), Pullenia bulloides,
C. tertis, E. pygmeus, N. affine, C. lobatulus and Florilus
boueanus (uppermost sample, Fig. Al).

Remarks: According to King (1989), in the North Sea
area, M. pseudotepida, C. limbatosuturalis and T. truncata
are known from the uppermost Upper Miocene to the
lowermost Upper Pliocene and F. boueanus is described
from the Upper Oligocene to the Lower Pliocene. G.
subglobosa is recorded from the Oligocene to the Lower
Pliocene in the North Sea (Eidvin & Rundberg 2001 and
Eidvin & Rundberg in press).

GLOBOCASSIDULINA SUBGLOBOSA ASSEMBLAGE
Definition: The top and base of the assemblage are taken
at the highest/youngest and lowest/oldest common
occurrence of G. subglobosa.

Depth range: 750-790 m.

Material: Four ditch cutting samples.

Age: Late Miocene (partly based on planktonic fossil evidence).
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Lithostratigraphic units: Molo Formation.

Correlation: Probably Zone NSB 12¢ and 13a of King
(1989) and probably G. subglobosa — Ehrenbergina varia-
bilis zone of Stratlab (1988).

Description: This assemblage contains a moderately rich
benthic fauna of mainly calcareous foraminifera. G. sub-
golosa and S. bulloides are both common. Other char-
acteristic species include Bolivina imporcata, Cibicides
dutemplei, N. affine, C. lobatulus, C. teretis, P. bulloides,
Eponides umbonatus, T. truncata (agglutinated) and E.
pygmeus (Fig. Al).

Remarks: B. imporcata is described from the Middle to
Upper Miocene in the Netherlands (Doppert 1980). C.
dutemplei is known from the Upper Oligocene to the
Lower Pliocene in the same area (Doppert 1980) and
from the Upper Oligocene to the Upper Miocene on the
Norwegian continental shelf (Skarbg & Verdenius 1986).
A few specimens of Turrilina alsatica, which are reworked
from Oligocene deposits, are recorded in some samples.

UNDEFINED INTERVAL

Depth range: 790-810 m.

Material: Two ditch cutting samples.

Age: Early Miocene (based on planktonic fossil evidence).
Lithostratigraphic unit: Brygge Formation.

Desciption: This interval contains a sparse benthic fauna
of mainly calcareous foraminifera including N. affine, C.
lobatulus, C. teretis, P. bulloides, E. umbonatus, G. subglo-
bosa and S. bulloides (Fig. Al). However, all or most of
these forms are probably caved.

ROTALIATINA BULIMOIDES ASSEMBLAGE
Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of R. bulimoides. The base of the
assemblage is undefined.

Depth range: 810-860 m (lowermost investigated sample).
Material: Six ditch cutting samples.

Age: Early Oligocene.

Lithostratigraphic unit: Brygge Formation.

Correlation: Zone NSB 7 of King (1989), Rotaliatina bulimoides
zone of Stratlab (1988) and probably Zone NSR 7A and lower
part of Zone NSR 7B of Gradstein & Backstrom (1996).
Description: This unit contains a sparse benthic fauna
of mainly calcareous foraminifera. Characteristic taxa
include R. buliomoides, T. alsatica, Gyroidina soldanii girar-
dana, Gyroidina soldanii mamillata (upper part), Alabam-
ina scitula, P, buloides, G. sublobosa, Frondicularia budensis,
Dorothia seigliei (agglutinated, upper part, Fig. A1).
Remarks: G. soldanii mamilliata and R. bulimoides are
known from the Lower Oligocene to the lowermost Upper
Oligocene in the North Sea area according to King (1989).
According to Gradstein & Bickstrom (1996) these spe-
cies are known from Eocene to Lower Oligocene deposits
in the same area. They have also recorded R. bulimoides
from such sediments in the Haltenbanken area. T. alsat-
ica and G. soldanii girardana are known from the Lower
Oligocene to the lowermost Lower Miocene succession
in the North Sea (King 1989). According to Gradstein &
Bickstrom (1996) are T. alsatica recorded from Lower
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Oligocene to lowermost Upper Oligocene sediments in
the North Sea and the Haltenbanken area. They describe
G. soldanii girardana from the Upper Eocene to the low-
ermost Lower Miocene in the North Sea area.

A. scitula is recorded from Lower Oligocene to Lower
Miocene sediments in the North Sea and the Halten-
banken area (Gradstein & Bickstrom 1996). D. seigliei
is recorded from Eocene to Lower Oligocene deposits
in the North Sea and from Upper Palaeocene to Upper
Eocene deposits in the Haltenbanken area (Gradstein &
Bickstrom 1996). F. budensis is known from the Lower
Oligocene in the North Sea (King 1989).

Planktonic fossil assemblages

TURBOROTALIA QUINQUELOBA ASSEMBLAGE
Definition: The top of the assemblage extends to the
uppermost investigated sample (620 m). The base is
marked by the highest/youngest occurrence of Globige-
rina bulloides.

Depth range: 620-630 m.

Material: One ditch cutting sample.

Age: Late Pliocene.

Lithostratigraphic unit: Naust Formation.

Correlation: Probably Neogloboquadrina atlantica (sinis-
tral) Zone of Weaver & Clement (1986) and Spiegler &
Jansen (1989).

Description: Just a few specimens of T. quinqueloba are
recorded in the sole sample from this interval (Fig. Al).
Remarks: T. quinqueloba is known from deposits from
almost the entire Neogene on the Norwegian continental
shelf (T. Eidvin personal observation).

GLOBIGERINA BULLOIDES ASSEMBLAGE

Definition: The top of the assemblage is taken at the
highest/youngest occurrence of G. bulloides. The base is
marked by the highest/youngest occurrence of Neoglobo-
quadrina atlantica (sinistral).

Depth range: 630-640 m.

Material: One ditch cutting sample.

Age: Late Pliocene.

Lithostratigraphic unit: Naust Formation.

Correlation: Globigerina bulloides Zone of Weaver &
Clement (1986).

Description: Just a few specimens of G. bulloides are recorded
in the sole sample which constitutes this interval (Fig. A1).
Remarks: Weaver & Clement (1986) describe a G. bulloides
Zone from the North Atlantic (DSDP Leg 94) in Late Plio-
cene sediments as young as 2.2 Ma. On the Vering Plateau
G. bulloides is common in Late Miocene to Late Pliocene
deposits older than 2.4 Ma (Spiegler & Jansen, 1989). G.
bulloides is also common in the warmest interglacials of
the last 0.5 My in the North Atlantic (Kellogg 1977).

NEOGLOBOQUADRINA ATLANTICA
ASSEMBLAGE

Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of N. atlantica (sinistral). The
base is marked by the highest/youngest occurrence of B.
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metzmacheri.

Depth range: 640-750 m

Material: Eleven ditch cutting samples.

Age: Early to Late Pliocene.

Lithostratigraphic units: Molo and Naust formations.
Correlation: N. atlantica (sinistral) Zone of Weaver &
Clement (1986) and Spiegler & Jansen (1989).
Description: This unit is characterized by a moderately
rich (lower part) to sparse (upper part) fauna of plank-
tonic foraminifera. G. bulloides and N. atlantica (sinis-
tral) occur most frequently. T. quinqueloba is also
recorded in most parts of the unit. A few specimens of
Neogloboquadrina pachyderma (dextral), Neogloboquad-
rina pachyderma (sinistral), Globigerinita glutinata and
Neogloboquadrina atlantica (dextral) are also recorded in
some samples (Fig. Al).

Remarks: N. atlantica (sinistral) is known from the North
Atlantic and on the Vering Plateau in Late Miocene to
Late Pliocene sediments. The last appearance datum
(LAD) of this species is in both areas approximately 2.4
Ma (Weaver & Clement 1986, Spiegler & Jansen 1989).
On the Vering Plateau there is a marked dominance of
this species together with G. bulloides in Pliocene depo-
sits older than this (Spiegler and Jansen 1989).

BOLBOFORMA METZMACHERI ASSEMBLAGE
Definition: The top of the assemblage is taken at the
highest/youngest occurrence of B. metzmacheri. The base
is marked by the highest/youngest occurrence of Diatom
sp. 4 (King 1983).

Depth range: 750-790 m.

Material: Four ditch cutting samples.

Age: Late Miocene.

Lithostratigraphic unit: Molo Formation.

Correlation: Bolboforma metzmacheri Zone of Spiegler & Miil-
ler (1992) and Miiller & Spiegler (1993), Bolboforma metzma-
cheri zone of Stratlab (1988), Zone NSR 10 of Gradstein &
Bickstrom (1996) and Subzone NSP 14b of King (1983).
Description: The unit contains a moderately rich fossil
assemblage of Bolboforma and foraminifera. B. subfragori
and B. metzmacheri are the most common Bolboforma
species. Bolboforma clodiusi and B. laevis (few) are also
recorded in some samples. G. bulloides and N. atlantica
(sinistral) are the most important foraminifera. Other
taxa include N. atlantica (dextral), T. quinqueloba and
Orbulina universa (Fig. Al).

Remarks: A B. fragori/B. subfragori Zone is known from
deposits with an age of approximately 11.7-10.3 My from
the North Atlantic and the Vering Plateau. B. metzmacheri
is described from sediments with an age of approximately
10.0-8.7 My in the same areas (Spiegler & Miiller 1992 and
Miiller & Spiegler 1993). Consequently, in contrast to well
6407/9-5, B. metzmacheri occurs in slightly younger sedi-
ments than B. subfragori in these areas. This can be due to
the fact that the Bolboforma forms may have a slightly dif-
ferent range in the Draugen area on the inner continen-
tal shelf, than in the open ocean sites of the Norwegian
Sea and the North Atlantic. It may also be due to the fact
that the specimens of B. subfragori might be reworked. A
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number of pictures taken of this species with the electron
microscope, reveal that most of the tests show indications
of wear. It is also possible that sediment corresponding to
the uppermost part of the B. metzmacheri Zone in the Nor-
wegian Sea and North Atlantic is missing in well 6407/9-5.

DIATOM SP. 4 ASSEMBLAGE

Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of Diatom sp. 4. The base of the
assemblage is undefined biostratigraphically, but is taken
at the gamma log break at approximately 810 m.

Depth range: 790-810 m.

Material: Two ditch cutting samples.

Age: Early Miocene.

Lithostratigraphic unit: Brygge Formation.

Correlation: Zone NSP 10 of King (1983).

Desciption: This interval contains a rich planktonic fossil
assemblage of pyritized diatoms (including Diatom sp.
4) and radiolaria. A few caved Bolboforma and planktonic
foraminifera are also recorded (Fig. Al).

Remarks: Diatom sp. 4 is described from Lower Miocene
deposits in the North Sea (King 1983).

UNDEFINED INTERVAL
Depth range: 810-860 m.
Material: Six ditch cutting samples.
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Age: Early Oligocene (based on benthic foraminiferal and
palynological evidence).

Lithostratigraphic unit: Brygge Formation.

Description: Also this unit contain a rich planktonic fos-
sil assemblage of pyritized diatoms and radiolaria (domi-
nant), but no diatom index fossil is recorded (Fig. A1).

Well 6407/9-2
Benthic foraminiferal assemblages

ELPHIDIELLA HANNAI ASSEMBLAGE

Definition: The top of the assemblage extends to the upper-
most investigated sample (760 m). The base is marked by
the highest/youngest consistent occurrence of E. pygmeus.
Depth range: 760-810 m.

Material: Five ditch cutting samples.

Age: Late Pliocene.

Lithostratigraphic unit: Naust Formation.

Correlation: Zone NSB 15 of King (1989), Cibicides grossa
zone of Stratlab (1988) and Zone NSR 12 B of Gradstein
& Bickstrom (1996).

Description: This unit contains a rich benthic fauna of
calcareous foraminifera. E. excavatum occurs most fre-
quently. Other important taxa include C. grossus, N.
affine, E. albiumbilicatum, C. reniforme, B. marginata, C.
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teretis and C. lobatulus (Fig. A2).

Remarks: The occurrence of E. hannai and C. grossus shows
that this unit is of Late Pliocene age (Doppert 1980, King
1989). One, probably reworked, specimen of E. pygmeus
is recorded in the lowermost sample (Fig. A2).

EPONIDES PYGMEUS ASSEMBLAGE

Definition: The top of the assemblage is taken at the high-
est/youngest consistent occurrence of E. pygmeus. The
base is marked by the highest/youngest occurrence of M.
pseudotepida.

Depth range: 810-830 m.

Material: Two ditch cutting samples.

Age: Early Pliocene.

Lithostratigraphic unit: Molo Formation.

Correlation: Probably Cibicides telegdi — Eponides pyg-
meus — Neogloboquadrina atlantica (dextral) zone of
Eidvin et al. (1998) and probably the lower part of the
Melonis — Trifarinaz zone of Stratlab (1988).

Description: This assemblage contains a rich benthic
fauna of mainly calcareous foraminifera. E. pygmeus,
N. affine and C. teretis are all common. Other recorded
species include C. lobatulus, P. bulloides, S. schlumbergeri
(agglutinated), G. subglobosa and L. lammersi (Fig. A2).
Remarks: This unit is correlated with the E. pygmeus assem-
blage in well 6407/9-5. Since taxa no older than earliest Late
Miocene are recorded in the immediately underlying assem-
blage, this assemblage is most likely of Early Pliocene age.

MONSPELIENSINA PSEUDOTEPIDA ASSEMBLAGE
Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of M. pseudotepida. The base of
the unit is undefined biostratigraphically, but is taken at
the sonic log break at approximately 860 m.

Depth range: 830-860 m

Material: Three ditch cutting samples.

Age: Early Pliocene.

Lithostratigraphic unit: Molo Formation.

Correlation: Subzone NSB 14a of King (1989), Zone NSR
12A of Gradstein & Bickstrom (1996).

Description: This unit contains a moderately rich (upper
part) to sparse (lower part) benthic fauna of calcareous
foraminifera. N. affine is common in the upper part of
the unit. Other recorded taxa include M. pseudotepida, G.
subglobosa, C. teretis and E. pygmeus (Fig. A2).

Remarks: M. pseudotepida is known from the uppermost
Upper Miocene to the lowermost Upper Pliocene in the
North Sea area (King 1989). This unit is correlated with
the M. pseudotepida assemblage in well 6407/9-5.

UNDEFINED INTERVAL

Depth range: 860-890 m.

Material: Three ditch cutting samples.

Age: Early Oligocene (based on palynological evidence
and seismic correlation).

Lithostratigraphic unit: Brygge Formation.

Description: This interval is nearly barren of benthic
foraminifera and only a long range agglutinated form
(Bathysiphon sp.) is recorded (Fig. A2).

NORWEGIAN JOURNAL OF GEOLOGY

SPIROSIGMOILINELLA COMPRESSA ASSEMBLAGE
Definition: The top of the assemblage is taken at the highest/
youngest occurrence of S. compressa. The base is marked by
the highest/youngest occurrence of Alabamina scitula.
Depth range: 890-900 m.

Material: One ditch cutting sample.

Age: Early Oligocene (partly based on palynological evidence).
Lithostratigraphic unit: Brygge Formation.

Correlation: Probably Zone NSR 7A or 7B of Gradstein & Back-
strom (1996) and probably Zone NSA 7 or 8 of King (1989).
Description: Just a few specimens of S. compressa (aggluti-
nated) are recorded in the sole sample of this unit (Fig. A2).
Remarks: Spirosigmoilinella sp. A (synonymous with
S. compressa) is known from the Lower Oligocene to
Lower Miocene succession in the North Sea (King, 1989).
According to Gradstein & Backstrom (1996) this species
is known from the Middle Eocene to the Upper Oligo-
cene in the North Sea and from the Middle Eocene to the
Lower Oligocene in the Haltenbanken area.

ALABAMINA SCITULA ASSEMBLAGE

Definition: The top of the assemblage is taken at the
highest/youngest occurrence of A. scitula. The base of the
assemblage is undefined.

Depth range: 900 m (one sample only).

Material: One ditch cutting sample.

Age: Early Oligocene (partly based on palynological evidence).
Lithostratigraphic unit: Brygge Formation.

Correlation: Probably Zone NSR 7A or 7B of Gradstein &
Bickstrom (1996).

Description: Just a few specimens of A. scitula are
recorded in the sole sample of this unit (Fig. A2).
Remarks: According to Gradstein & Bickstrom (1996)
A. scitula is known from the Lower Oligocene to Lower
Miocene in the North Sea and from the Lower Oligocene
to the basal Middle Miocene in the Haltenbanken area.

Planktonic fossil assemblages

UNDEFINED INTERVAL

Depth range: 760-780 m.

Material: Two ditch cutting samples.

Age: Late Pliocene (based on benthic foraminiferal evidence).
Lithostratigraphic unit: Naust Formation.

Description: This unit is barren of planktonic foraminifera.

NEOGLOBOQUADRINA ATLANTICA
ASSEMBLAGE

Definition: The top and base of the assemblage are taken
at the highest/youngest and lowest/oldest occurrence of
N. atlantica (sinistral).

Depth range: 780-830 m.

Material: Six ditch cutting samples.

Age: Early to Late Pliocene.

Lithostratigraphic units: Molo Formation and Naust Formation.
Correlation: N. atlantica (sinistral) Zone of Weaver &
Clement (1986) and Spiegler & Jansen (1989).
Description: This unit is characterized by a sparse (upper
part) to moderately rich (lower part) fauna of planktonic
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foraminifera. G. bulloides and N. atlantica (sinistral)
occur most frequently. Other recorded taxa include T.
quinqueloba, G. glutinata, N. pachyderma (dextral) and
N. atlantica (dextral, Fig. A2).

Remarks: N. atlantica (sinistral) is known from the North
Atlantic and on the Vering Plateau in Late Miocene to Late
Pliocene sediments. The LAD of this species is in both areas,
approximately 2.4 Ma (Weaver & Clement 1986, Spiegler &
Jansen 1989). N. atlantica (dextral) is known to occur in the
uppermost Upper Pliocene and in the Upper Miocene on
the Voring Plateau (Spiegler & Jansen 1992, Miiller & Spie-
gler 1993). Consequently, the sole specimen recorded here is
either caved or reworked from Upper Miocene deposits.

UNDEFINED INTERVAL

Depth range: 830-860 m

Material: Three ditch cutting samples.

Age: Early Pliocene (based on palynological evidence).
Lithostratigraphic unit: Molo Formation.

Description: This interval is barren of planktonic fora-
minifera.

DIATOM SP. ASSEMBLAGE

Definition: The top of the assemblage is taken at the high-
est/youngest consistent occurrence of pyritized diatoms.
The base is marked by the highest/youngest occurrence
of Diatom sp. 3 (King, 1983).

Depth range: 860-870 m.

Material: One ditch cutting sample.

Age: Early Oligocene (based on palynological evidence).
Lithostratigraphic unit: Brygge Formation.

Correlation: Subzone NSP 9c of King (1989).

Description: This interval contains a moderately rich
planktonic fossil assemblage of pyritized diatoms and
radiolaria (Fig. A2).

Remarks: No planktonic index fossils are recorded.

DIATOM SP. 3 ASSEMBLAGE

Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of Diatom sp. 3. The base of the
assemblage is undefined.

Depth range: 870-900 m.

Material: Four ditch cutting samples.

Age: Early Oligocene (partly based on palynological evidence).
Lithostratigraphic unit: Brygge Formation.

Correlation: Subzone NSP 9c of King (1989).

Description: This unit contains a moderately rich planktonic
fossil assemblage of pyritized diatoms and radiolaria. Dia-
tom sp. 3 is recorded in the upper part of the unit (Fig. A2).
Remarks: Diatom sp. 3 is known from the upper part of
the Lower Oligocene to the lower part of the Lower Mio-
cene in the North Sea area (King 1989).

Well 6407/9-1
Benthic foraminiferal assemblages

ELPHIDIELLA HANNAI ASSEMBLAGE
Definition: The top of the assemblage extends to the
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uppermost investigated sample (650 m). The base is
marked by the highest/youngest occurrence of S. bulloi-
des and the highest consistent occurrence of E. pygmeus.
Depth range: 650-760 m.

Material: Eleven ditch cutting samples.

Age: Late Pliocene.

Lithostratigraphic unit: Naust Formation.

Correlation: Zone NSB 15 of King (1989), Cibicides grossa
zone of Stratlab (1988) and Zone NSR 12 B of Gradstein
& Bickstrom (1996).

Description: This assemblage contains a moderately rich
fauna of mainly calcareous foraminifera. E. excavatum
and C. lobatulus occur most frequently. Other character-
istic taxa include E. hannai, C. grossus, N. affine, E. albi-
umbilicatum and B. marginata (Fig. A3).

Remarks: The occurrence of E. hannai and C. grossus
indicates a Late Pliocene age (Doppert 1980, King 1989).

EPONIDES PYGMEUS — SPHAEROIDINA BULLOIDES
ASSEMBLAGE

Definition: The top of the assemblage is taken at the highest/
youngest E. pygmeus. The base is marked by the lowest/old-
est consistent occurrence of E. pygmeus and S. bulloides.
Depth range: 760-790 m.

Material: Four ditch cutting samples.

Age: Early Pliocene.

Lithostratigraphic unit: Molo Formation.

Correlation: Probably Cibicides telegdi — Eponides pygmeus
— Neogloboquadrina atlantica (dextral) zone of Eidvin et
al. (1998) and probably lower part of Melonis — Trifarina
zone of Stratlab (1988).

Description: This unit contains a rich fauna of mainly cal-
careous foraminifera. N. affine and C. teretis occur most
frequently. Other characteristic taxa include E. pygmeus, S.
bulloides, A. fluens, L. lammersi and P. bulloides (Fig. A3).
Remarks: This unit is correlated with the E. pygmeus
assemblages in wells 6407/9-5 and 6407/9-1 and is most
likely of Early Pliocene age.

UNDEFINED INTERVAL

Depth range: 790-850 m.

Material: Four ditch cutting samples.

Age: Early Oligocene (lower part) and Late Miocene to
Early Pliocene (upper part, based on palynological evi-
dence and log correlation).

Lithostratigraphic unit: Brygge Formation and Molo For-
mation.

Description: This interval is nearly barren of benthic
foraminifera and only a long range agglutinated form
(Bathysiphon sp.) is recorded (Fig. A3).

GYROIDINA SOLDANII GIRARDANA ASSEMBLAGE
Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of G. soldanii girardana. The base is
marked by the highest/youngest occurrence of T. alsatica.
Depth range: 850-880 m.

Material: Three ditch cutting samples.

Age: Early Oligocene (partly based on palynological evidence).
Lithostratigraphic unit: Brygge Formation.
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Definition: The top of the assemblage is taken at the high-

TURRILINA ALSATICA ASSEMBLAGE

Correlation: Zone NSB 7 of (King 1989) and probably

Zone NSR 7A or 7B of Gradstein & Bickstrom (1996).

est/youngest occurrence of T. alsatica. The base is marked by

the highest/youngest occurrence of G. soldanii mamillata.

Depth range: 880-910 m

Description: This interval contains a sparse benthic fauna
of mainly calcareous foraminifera. Characteristic taxa
include G. soldanii girardana, E. pygmeus, A. scitula, Bathy-

siphon sp. (agglutinated) and Trifarina gracilis (Fig. A3).

Material: Three ditch cutting samples.

Age: Early Oligocene (partly based on Sr. analyses).

Lithostratigraphic unit: Brygge Formation.

Remarks: G. soldanii girardana is known from the Lower

Oligocene to the lowermost Lower Miocene succession

Correlation: Probably Zone NSB 7 of King (1989) and prob-
ably Zone NSR 7A or 7B of Gradstein & Béckstrom (1996).

in the North Sea according to (King, 1989), and from the
Upper Eocene to the lowermost Lower Miocene in the

Description: This unit contains a moderately rich ben-

same area according to Gradstein & Bickstrom (1996). T.
gracilis is described from Lower Oligocene to Lower Mio-

thic fauna of mainly calcareous foraminifera. T. alsatica

and A. scitula occur most frequently. Other characteristic
species include G. subglobosa, P. bulloides, E. pygmeus, C.

cene deposits on the Norwegian continental shelf accor-

ding to Skarbg & Verdenius (1986).
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telegdi, G. soldanii girardana, Stilostomella hirsuta, Stilo-
stomella spinescens and Guttulina frankei (Fig. A3).
Remarks: According to Gradstein & Bickstrom (1996) A.
scitula is known from the Lower Oligocene to Lower Mio-
cene in the North Sea and from the Lower Oligocene to the
basal Middle Miocene in the Haltenbanken area. T. alsatica
is described from the Lower Oligocene to lowermost Lower
Miocene in the North Sea area according to King (1989),
and from Lower Oligocene to lowermost Upper Oligocene
sediments in the North Sea and Haltenbanken areas accord-
ing to Gradstein & Backstrom (1996). S. hirsuta, S. spine-
scens and G. frankei are described from the upper part of
the Lower Oligocene in Denmark (Ulleberg 1974).

GYROIDINA SOLDANII MAMILLATA ASSEMBLAGE
Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of G. soldanii mamillata. The base is
marked by the highest/youngest occurrence of R. bulimoides.
Depth range: 910-920 m.

Material: One ditch cutting sample.

Age: Early Oligocene.

Lithostratigraphic unit: Brygge Formation.

Correlation: Zone NSB 7 of King (1989) and Zone NSR
7A or 7B of Gradstein & Bickstrom (1996).

Description: This assemblage contains a moderately
rich fauna of mainly calcareous foraminifera. T. alsatica
occurs most frequently. Other recorded taxa include G.
soldanii mamillata, A. scitula and C. telegdi (Fig. A3).
Remarks: G. soldanii mamilliata is known from the Lower
Oligocene to the lowermost Upper Oligocene in the North
Sea area according to King (1989). According to Gradstein
& Bickstrom (1996) this species is known from Eocene to
Lower Oligocene deposits in the same area.

ROTALIATINA BULIMOIDES ASSEMBLAGE
Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of R. bulimoides. The base of the
assemblage is undefined.

Depth range: 920-990 m (lowermost investigated sample).
Material: Five ditch cutting samples.

Age: Early Oligocene.

Lithostratigraphic unit: Brygge Formation.

Correlation: Zone NSB 7 of King (1989), Rotaliatina bul-
liomoides zone of Stratlab (1988) and probably Zone NSR
7A or 7B of Gradstein & Bickstrom (1996).

Description: This assemblage contains a moderately rich
benthic fauna of calcareous and agglutinated foramini-
fera. Characteristic calcareous taxa include R. bulimoides,
T. alsatica, A. scitula and S. spinescens and agglutinated
forms include Bathysiphon eocenicus, Bathysiphon spp.,
Adercotryma agterbergi and Glomospira sp. (Fig. A3).
Remarks: R. bulimoides is recorded from the Lower Oli-
gocene to the lowermost Upper Oligocene in the North
Sea according to King (1989) and from the Eocene to the
Lower Oligocene in the North Sea and Haltenbanken area
according to Gradstein & Backstrom (1996). A. agterbergi
is known from Eocene to Lower Oligocene deposits in the
North Sea and Haltenbanken area according to Gradstein
& Bickstrom (1996).
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Planktonic fossil assemblages

UNDEFINED INTERVAL

Depth range: 650-670 m.

Material: Two ditch cutting samples.

Age: Late Pliocene (based on benthic foraminiferal evidence).
Lithostratigraphic unit: Naust Formation.

Description: This unit is barren of planktonic foraminifera.

GLOBIGERINA BULLOIDES ASSEMBLAGE

Definition: The top of the assemblage is taken at the
highest/youngest occurrence of G. bulloides. The base is
marked by the highest/youngest occurrence of N. atlan-
tica (sinistral).

Depth range: 670-780 m.

Material: Eleven ditch cutting samples.

Age: Early to Late Pliocene.

Lithostratigraphic unit: Molo Formation and Naust For-
mation.

Correlation: G. bulloides Zone of Weaver & Clement
(1986) and probably N. atlantica (sinistral) Zone of
Weaver & Clement (1986) and Spiegler & Jansen (1989).
Description: Planktonic foraminifera are quite sparse in
this unit. G. bulloides is recorded throughout. N. pachy-
derma (sinistral) is recorded in one sample in the middle
part of the unit and a few specimens of T. quinqueloba
and N. atlantica (dextral, one specimen) are recorded in
one sample in the lower part of the unit (Fig. A3).
Remarks: A G. bulloides Zone is described from the North
Atlantic (DSDP Leg 94) in Pliocene sediments as young
as 2.2 Ma (Weaver & Clement 1986). On the Voring Pla-
teau G. bulloides is common in Pliocene deposits older
than 2.4 Ma (Spiegler & Jansen 1989). G. bulloides is also
common in the warmest interglacials of the last 0.5 My in
the North Atlantic (Kellogg 1977). N. atlantica (dextral)
is known to occur in the uppermost Upper Pliocene and
in the Upper Miocene on the Voring Plateau (Spiegler &
Jansen 1992, Miiller & Spiegler 1993). Consequently, the
sole specimen recorded here is either caved or reworked
from Upper Miocene deposits.

NEOGLOBOQUADRINA ATLANTICA
ASSEMBLAGE

Definition: The top and base of the assemblage is taken at
the highest/youngest and lowest/oldest occurrence of N.
atlantica (sinistral).

Depth range: 780-790 m.

Material: Two ditch cutting samples.

Age: Early Pliocene.

Lithostratigraphic unit: Molo Formation.

Correlation: N. atlantica (sinistral) Zone of Weaver &
Clement (1986) and Spiegler & Jansen (1989).
Description: This interval is characterized by a sparse
fauna of planktonic foraminifera. Recorded taxa include
G. bulloides, N. atlantica (sinistral), T. quinqueloba and N.
atlantica (dextral, one specimen, Fig. A3).

Remarks: N. atlantica (sinistral) is known from the North
Atlantic and on the Vering Plateau in Late Miocene to
Late Pliocene sediments. The sole specimen of N. atlan-
tica (dextral) is either caved or reworked.

(SINISTRAL)
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UNDEFINED INTERVAL

Depth range: 790-990 m.

Material: 15 ditch cutting samples.

Age: Early Oligocene in the lower part and Late Miocene
to Early Pliocene in the upper part (based on benthic fora-
miniferal and palynological evidence and Sr. analyses).
Lithostratigraphic unit: Brygge Formation and Molo For-
mation.

Description: This interval contains a moderately rich
planktonic fossil assemblage dominated by pyritized dia-
toms and radiolaria (Fig. A3), but no radiolaria or diatom
index fossils are recorded. A few planktonic foraminifera
are recorded in some samples including G. bulloides, N.
pachyderma (dextral) and Globigerina praebulloides. The
first two species are probably caved.

Remarks: G. praebulloides is known from Oligocene to lower
Upper Miocene deposits in the North Atlantic (Poore 1979)
and from Oligocene to lower Middle Miocene deposits in
the North Sea (Gradstein & Bickstrom 1996). Poore (1979)
suggests that a clear separation of G. praebulloides and G.
bulloides may be difficult in extra-tropical regions.

Dinoflagellate cyst zones

The investigated Upper Pliocene succession contains few
in situ dinoflagellate cysts, but common to abundant
reworked older Cenozoic and Mesozoic specimens. More
rich and diverse marine microfloras are encountered in
the Lower Pliocene strata, and the abundance and diver-
sity increases further downward into Upper and Lower
Miocene deposits. A relative rich and diverse dinoflagel-
late cyst assemblage is also recovered from the Lower Oli-
gocene sequence in the wells. The poor recovery of in situ
dinoflagellate cysts in the Upper Pliocene succession pro-
vides no mean for a palynostratigraphic zonation of these
strata. The recovered marine micro flora allows, however,
a good biostratigraphic breakdown of the Lower Pliocene
to Lower Oligocene interval in the Draugen Field wells
6407/9-5, -/9-2 and -/9-1.

Well 6407/9-5

UNDEFINED INTERVAL

Depth range: 620-670 m.

Material: Seven ditch cutting samples.

Age: Late Pliocene (based on benthic and planktonic
foraminiferal evidence).

Lithostratigraphic unit: Naust Formation.

Description: This interval contains only a few in situ dino-
flagellate cysts, including Brigantedinium spp., Bitectato-
dinium tepikiense, Operculodinium centrocarpum, Impa-
gidinium spp. and Spiniferites spp. (Fig. A4). The unit
contains reworked Palaeogene, Cretaceous and Jurassic
dinoflagellate cysts.

Remarks: There are no age-diagnostic dinoflagellate cyst
species and the age of this interval is determined by the pres-
ence of the Elphidella hannai foraminiferal assemblage.
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UNDEFINED INTERVAL

Depth range: 670-690 m.

Material: Three ditch cutting samples.

Age: Early Pliocene (partly based on benthic and plank-
tonic foraminiferal evidence).

Lithostratigraphic unit: Molo Formation.

Description: This interval contains only a few in situ dino-
flagellate cysts (typically with less than 5 species present),
but common to abundant reworked older Cenozoic and
Mesozoic specimens. The in situ marine microfloras
include Brigantedinium spp., Bitectatodinium tepikiense,
Operculodinium centrocarpum, Operculodinium israe-
lianum, Impagidinium spp., Tectatodinium spp. and Spi-
niferites spp. (Fig. A4).

Remarks: There are no age-diagnostic dinoflagellate cyst
species and the age of this interval is determined by the
presence of the Eponides pygmeus foraminiferal assem-
blage. The recovery of the thermophilic dinoflagellate
species Operculodinium israelianum at 680-690 m may,
however, be taken as an indicator of somewhat warmer
and thus Early-Mid Pliocene climatic conditions. This
species is also consistently present in the underlying
Lower Pliocene strata.

RETICULATOSPHAERA ACTINOCORONATA ZONE
Definition: The body of strata between the highest/young-
est occurrence of Reticulatosphaera actinocoronata and the
highest/youngest occurrence of Achomosphaera sp. 1.
Depth range: 690-750 m.

Material: Seven ditch cutting samples.

Age: Early Pliocene.

Lithostratigraphic unit: Molo Formation.

Description: This interval contains moderately rich
and diverse assemblages of in situ dinoflagellate cysts.
Reworked Paleogene, Cretaceous and Jurassic dinofla-
gellate cysts are relatively common. Characteristic in situ
species include Amiculosphaera umbracula, Barssidinium
graminosum, Barssidinium pliocenicum, Impagidinium
spp., Tectatodinium spp., Operculodinium isralianum,
Lingulodinium machaerophorum, Reticulatosphaera acti-
nocoronata, Selenopemphix spp. and Trinovantedinium
variabile (Fig. A4).

Remarks: Poulsen et al. (1996) used the last occurrence
datum of Reticulatosphaera actinocoronata to define the
upper boundary of their Plil Zone in ODP Holes 908 and
909. This zone was dated as Zanclean, i.e. time equivalent
to calcareous nannoplankton zones NN12-14.

ACHOMOSPHAERA SP. 1 ASSEMBLAGE ZONE
Definition: The body of strata defined by the presence of
Achomosphaera sp. 1.

Depth range: 750-790 m.

Material: Four ditch cutting samples.

Age: Late Miocene-Early Pliocene (partly based on ben-
thic foraminiferal and planktonic fossil evidence).
Lithostratigaphic unit: Molo Formation.

Description: The ditch cutting samples from this zone
contains moderate diversity of dinoflagellate cysts, inclu-
ding common to abundant Achomosphaera sp. 1, together



102 T. Eidvin et al.

NORWEGIAN JOURNAL OF GEOLOGY

index

fossils in the investi-
meters

thin (rare)

6407/9-2. Legend for

columns:
American  Petroleum

Institute gamma ray
units, us/f = microse-

(abundant) 20 % or
conds per foot.

Fig. A5. Range chart
of the most important
gated interval of well
0-5 %, middle (com-
mon) 5-20 %, thick
more. M RKB

below rig floor, gAPI

dinoflagellate

V1D3LIW3S VISADOHAHdYTO
JYINOSHOOD V113a4VYETVAS
'dS WNINIJOLSAD03V1Vd
WNY3LYYD WNINIJOLYLSIA
WNLYINGYLINNIL WNTIGAYLOWOH
VIVINNYYD VIYANY143d
WNTIIYYHINYD WNIAIYIYHISOdE 0D
WNLONIDILYTWNINIQYIN3d
JYADNY VHOHdOLVYWILSAS
V.LVINDYIDIWIS Yd3IDIT1034Y
WNSOSNYTWNIAIY4IYHdSONYILNYT
YINNYdWYD VISADVOVINYYILIH
4a WNINIGOGWOHY
YDILI§OHdOHd 34aNY 1430
X3ITdWIS WNINIAITISdYd
SNLYO4N40dN3Sd SALIYIHINIS
VIYINDYIDIWIS Y¥IDI1038Y
SNM0TdOALDIQ WNIAI4IVHISOIEY
SITYAO V113173Z13IM
VIVNIGYO VLSADOYAHdY 1D
YHOHdOdAWYTHD YIONYTNVYS
V.13IIA YV 173ISdOTIOAD
SNHLINIYAGYTSISdOYIVHISOLYWIN
YI1nov4eawn VHHVHdSVWDIWV

VDIiIHOHdSOHd 4ANV1430
WnINIGIE)VdWI

l 5 VHJ dSOWOH.

IANFHONANYI WNINIJOTNDYId0O
WNSONIWYED WNINIQISSYYE
YIYNOYODONILDY YdIVHISOLYTNDILIY
V4341714 V4IVHASITI]
WNNYITIVYSI WNINIAOTNDYIdO
SISNIISNOTYANY Y4IYHdSOWOHIY
WN1IT73d WNINIJOLY.LD31
ISNIIMIdIL WNINIAOLYLD3LIg
WNYOHdOYIYHIYW WNINIJOTNONIT
ISNIIMIdIL WNINIJOLYLDLld
WNdYYI04.INID WNINIJOTNDHIdO

Dinoflagellate cysts

so|dwesg

DC —

T
[$)
o

DC —
bC
DC— |
bC

o o
[ 0
o« ©

760
770
780
800
810
820

DC —
DC —
DC —

DC —
Ditch cuttings

860

8
DC

sauoz oje||ebejjoulq

auoz abejque
-ssy | "ds esa
-eydsowoyay

paulapun

Areoligera
semicirculata| 870
Zone
Svalbardella
cooksoniae | 890
Zone

seliesqns / seleg

auaool|d
Joaddn

aua20l|d
J1OMOT

Log

aua20bI|0
JEY o

suoljew.o}
olydesbnessoyy

uonew.lo
1sneN

uonew.lo4
O|oIN

uolew.o
abbAig

sdnoub
olydesbirelysoyy

dnoJo pue|pioN

dnoun
pueepioH

100

Gamma ray
Unit:gAPI

100

60

40

20

Well 6407/9-2

Sonic
Unit:US/F
1000

60

80

(ayw) udeg

o
=4

008 08

Sea floor = 272 meters below rig floor (MRKB)




NORWEGIAN JOURNAL OF GEOLOGY

with Amiculosphaera umbracula, Barssidinium gramino-
sum, Barssidinium pliocenicum, Barssidinium evangeli-
neae, Cyclopsiella vieta, Selenopemphix spp. and common
Operculodinium israelianum (Fig. A4).

Remarks: Achomosphaera sp. 1 has previously been con-
sistently recorded in Upper Miocene-Lower Pliocene
strata at ODP Sites 907, 908 and 909 in the Norwegian-
Greenland Sea (Poulsen et al. 1996).

CORDOSPHAERIDIUM CANTHARELLUM ZONE
Definition: The body of strata between the highest/
youngest occurrence of Cordosphaeridium cantharellum
and the highest/youngest occurrence of Caligodinium
amiculum.

Depth range: 790-810 m.

Material: Two ditch cutting samples.

Age: Mid Early Miocene.

Lithostratigaphic unit: Brygge Formation.

Description: The zone contains a rather poor and low
and diverse assemblage of in situ dinoflagellate cysts.
The samples from this zone are otherwise obscured by
reworked Palaecogene and caved Neogene dinoflagellate
cysts. The recovered in situ key species include Cordos-
phaeridium cantharellum, Palaeocystodinium spp. and
Thalassiphora pelagica (Fig. A4).

Remarks: Powell (1992) calibrated the LAD of Cordos-
phaeridium cantharellum to the lower NN 4 Zone in the
British Tertiary, while de Verteuil & Norris (1996) placed the
LAD in the upper NN 2 in their study on the Miocene of the
U.S. Atlantic Margin. Williams and Manum (1999) gave an
age of 17.95 Ma for the LAD of C. cantharellum, which is in
agreement with a calibration to the lower NN 4 Zone.

AREOLIGERA SEMICIRCULATA ZONE

Definition: The body of strata between the highest/
youngest occurrence of Areoligera semicirculata and the
highest/youngest occurrence of Svalbardella cooksoniae.
Depth range: 810-860 m.

Material: One ditch cutting sample.

Age: Early Oligocene (partly based on benthic foraminife-
ral evidence and Sr. analyses).

Lithostratigaphic unit: Brygge Formation.

Description: The zone contains a moderately rich and
diverse marine microflora. Characteristic for this zone
in well 6407/9-5 is the acme of Deflandrea phosphoritica,
and the presence of Chiropteridium lobospinosum and
Spiniferites sp. 1 which are restricted to this zone in the
well (Fig. A4).

Remarks: According to Powell (1992) the LAD of A. semi-
circulata lies within the lower NP25 calcareous nanno-
plankton biozone in Britain and in the North Sea area.
Manum et al. (1989) found that the LAD of this species
(named Glaphyrocysta intricata in their publication) cor-
responded to the upper boundary of their Early/Late Oli-
gocene Areosphaeridium? actinocoronatum in ODP Hole
643 in the Norwegian Sea. The LAD of this species also
defines the upper boundary of the Oli4 Zone of Poulsen
et al. (1996) as defined in ODP Hole 908 on the Hov-
gaard Ridge between Svalbard and NE Greenland.
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SVALBARDELLA COOKSONIAE ZONE

Definition: The body of strata between the highest/
youngest occurrence of Svalbardella cooksoniae and the
highest/youngest occurrence of Areosphaeridium dictyo-
plokkus.

Depth range: 860 m.

Material: One ditch cutting sample.

Age: Early Oligocene.

Lithostratigaphic unit: Brygge Formation.

Description: The zone contains a fairly rich and diverse
marine microflora, with Svalbardella cooksoniae, Deflan-
drea phosphoritica, Lentinia serrata and Homotrybilum
oceanicum being characteristic species (Fig. A4).
Remarks: Manum et al. (1989) found that Svalbardella
cooksonia was restricted to their Early Oligocene Chi-
ropteridium lobospinosum Zone in ODP Hole 643 in the
Norwegian Sea.

Well 6407/9-2

UNDEFINED INTERVAL

Depth range: 760-820 m.

Material: Six ditch cutting samples.

Age: Early to Late Pliocene (partly based on benthic and
planktonic foraminiferal evidence).

Lithostratigraphic unit: Upper part of Molo Formation
and Naust Formation.

Description: This interval contains only a few in situ dino-
flagellate cysts, but common to abundant reworked older
Cenozoic and Mesozoic specimens. The in situ marine
microfloras include Achomosphaera andalousiensis, Bitec-
tatodinium  tepikiense, Operculodinium centrocarpum,
Filisphaera filifera spp., Lingulodinium machaerophorum
and Spiniferites spp. (Fig. A5).

Remarks: The single record of Filisphaera filifera at 780 m
suggests a correlation to the Upper Pliocene Filisphaera
filifera Zone of Smelror et al. (in press.). Otherwise the
age of this interval is determined by the presence of the
Elphidella hannai foraminiferal assemblage.

ACHOMOSPHAERA SP. 1 ASSEMBLAGE ZONE
Definition: The body of strata defined by the presence of
Achomosphaera sp. 1.

Depth range: 820-860 m.

Material: Four ditch cutting samples.

Age: Early Pliocene (partly based on benthic foramini-
feral evidence).

Lithostratigaphic unit: Molo Formation.

Description: The samples from this zone have a moderate
diversity of dinoflagellate cysts, including common to
abundant Achomosphaera sp. 1, together with Amiculos-
phaera umbracula, Barssidinium graminosum, Cyclopsiella
vieta, Impagidinium spp., Reticulatosphaera actinocoro-
nata, Operculodinium janduchenei and common Oper-
culodinium israelianum (Fig. A5). The zone also contains
common reworked Early-Middle Miocene, Paleogene,
Cretaceous and Jurassic dinoflagellate cysts.

Remarks: Achomosphaera sp. 1 has previously been con-
sistently recorded in Upper Miocene-Lower Pliocene



104 T. Eidvin et al.

strata at ODP Sites 907, 908 and 909 in the Norwegian-
Greenland Sea (Poulsen et al. 1996).

AREOLIGERA SEMICIRCULATA ZONE

Definition: The body of strata between the highest/
youngest occurrence of Areoligera semicirculata and the
highest/youngest occurrence of Svalbardella cooksoniae.
Depth range: 860-880 m.

Material: Two ditch cutting samples.

Age: Early Oligocene (partly based on log correlation).
Lithostratigaphic unit: Brygge Formation.

Description: The zone contains a moderately rich and
diverse marine microflora. An acme of Deflandrea phos-
phoritica and Cordosphaeridium cantharellum is found in
the lower part of the zone. Areoligera semicirculata is com-
mon throughout the zone (Fig. A5). The sample at 860 m
contains reworked Early Cretaceous dinoflagellate cysts.
Remarks: See remarks given under the Areoligera semicir-
culata Zone in well 6407/9-5.

SVALBARDELLA COOKSONIAE ZONE

Definition: The body of strata between the highest/young-
est occurrence of Svalbardella cooksoniae and the highest/
youngest occurrence of Areosphaeridium dictyoplokkus.
Depth range: 880-890 m.

Material: Two ditch cutting samples.

Age: Early Oligocene.

Lithostratigaphic unit: Brygge Formation.

Description: The zone contains a fairly rich and diverse
marine microflora, with Svalbardella cooksoniae, Deflan-
drea phosphoritica and Glaphyrocysta semitecta (Fig. A5).
The lowermost sample at 890 m also contains reworked
Middle-Late Jurassic dinoflagellate cysts.

Remarks: Manum et al. (1989) found that Svalbardella
cooksonia was restricted to their Early Oligocene Chi-
ropteridium lobospinosum Zone in ODP Hole 643 in the
Norwegian Sea.

Well 6407/9-1

UNDEFINED INTERVAL

Depth range: 750-760 m.

Material: Two ditch cutting samples.

Age: Late Pliocene (based on benthic and planktonic
foraminiferal evidence).

Lithostratigraphic unit: Naust Formation.

Description: This interval contains only few in situ dino-
flagellate cysts, but abundant reworked older Cenozoic
and Mesozoic specimens. The in sifu marine microflo-
ras include Bitectatodinium tepikiense, Operculodinium
centrocarpum, Lingulodinium machaerophorum and Spi-
niferites spp. (Fig. A6).

Remarks: There are no age-diagnostic dinoflagellate cyst
species and the age of this interval is determined by the pre-
sence of the Elphidella hannai foraminiferal assemblage.

RETICULATOSPHAERA ACTINOCORONATA ZONE
Definition: The body of strata between the highest/youn-
gest occurrence of Reticulatosphaera actinocoronata and
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the highest/youngest occurrence of Achomosphaera sp. 1.
Depth range: 760-790 m.

Material: Seven ditch cutting samples.

Age: Early Pliocene

Lithostratigraphic unit: Molo Formation.

Description: This interval contains moderately rich and
diverse assemblages of in situ dinoflagellate cysts. Cha-
racteristic species include Amiculosphaera umbracula,
Barssidinium graminosum, Operculodinium israelianum,
Reticulatosphaera actinocoronata, and common Impagi-
dinium sp. A (Fig. A6). Reworked Palaeogene, Cretaceous
and Jurassic dinoflagellate cysts are also present.
Remarks: The foraminifera suggest that the sample at 760
m belongs to the Upper Pliocene interval. The presence
of Reticulosphaera actinocoronata, together with the ther-
mophilic species Operculodinium israelianum, suggests,
however, an Early Pliocene age for this sample. Alterna-
tively these taxa could be reworked.

ACHOMOSPHAERA SP. 1 ASSEMBLAGE ZONE
Definition: The body of strata defined by the presence of
Achomosphaera sp. 1.

Depth range: 790-840 m.

Material: Three ditch cutting samples.

Age: Early Oligocene (lowermost part, based on log cor-
relation) and Late Miocene-Early Pliocene.
Lithostratigaphic unit: Upper part of Brygge Formation
and Molo Formation.

Description: The ditch cutting sample from this zone con-
tains a moderate diversity of dinoflagellate cysts, inclu-
ding common Achomosphaera sp. 1, together with Bars-
sidinium graminosum (Fig. A6). The zone also includes
reworked Early-Middle Miocene, Palacogene and Early
Cretaceous dinoflagellate cysts.

Remarks: Achomosphaera sp. 1 has previously been con-
sistently recorded in Lower Pliocene-Upper Miocene
strata at ODP Sites 907, 908 and 909 in the Norwegian-
Greenland Sea (Poulsen et al. 1996). The occurrence of
Achomosphaera sp. 1 in Lower Oligocene deposits is
probably caved.

AREOLIGERA SEMICIRCULATA ZONE

Definition: The body of strata between the highest/
youngest occurrence of Areoligera semicirculata and the
highest/youngest occurrence of Svalbardella cooksoniae.
Depth range: 840-850 m.

Material: Two ditch cutting samples.

Age: Early-Late Oligocene (partly based on benthic fora-
miniferal evidence).

Lithostratigaphic unit: Brygge Formation.

Description: The zone contains a moderate rich and diverse
marine microflora. Characteristic for this zone in well
6407/9-1 is the acme of Deflandrea phosphoritica and Sys-
tematophora placacantha, combined with common Areolig-
era semicirculata. Other characteristic species include Dap-
silidinium simplex, common Wetzeliella articulata, Rhom-
bodinium draco and Samlandia chlamydophora (Fig. A6).
Remarks: See remarks given under the Areoligera semicir-
culata Zone in well 6407/9-5.
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Strontium isotope stratigraphy

Four intervals from well 6407/9-5 and two intervals
from well 6407/9-1 were analysed for strontium isotopes.
16 to 60 tests of calcareous foraminifera were used for
the analyses. A problem with obtaining strontium iso-
tope ages from foraminifera is the common presence of
impurities in the foraminiferal chambers. Careful clean-
ing is sometimes not able to remove these, and this can
influence the strontium rates and consequently the dat-
ings (Eidvin et al. 1999). In this work, we have used the
look-up table presented by Howard & McArthur (1997:
version 3:10/99) for numerical age assignments, and all
results are corrected to NIST (National Institute of Stan-
dards and Technology) 987 = 0.710248.

In well 6407/9-5 presumed in situ tests of G. subglo-
bosa, S. bulloides and M. pseudotepida were picked from
the interval 710-730 m. The sample gave a corrected
8Sr/%Sr-ratio of 0.709010. On the seawater Sr isotope
curve of Howarth & McArthur (1997) this 8Sr/%Sr-ratio
corresponds to an age of approximately 5.7 Ma. Tests of
G. subglobosa and S. bulloides from the sample at 740 m
gave a corrected ¥Sr/*Sr-ratio of 0.709006 correspon-
ding to an age of approximately 5.8 Ma. Tests of the same
foraminiferal species from the interval 750-760 m and
770-780 m gave corrected ¥Sr/*Sr-ratios of 0.709030
and 0.709003 corresponding to ages of approximately
5.8 and 5.2 Ma respectively. Tests of G. soldanii girardana,
T. alsatica, F. budensis, Bolivina cf. antique and A. scitula
from the interval 810-830 m gave a corrected *Sr/*Sr-
ratio of 0.707972 corresponding to an age of approxi-
mately 30.3 Ma (Table 1, Fig. Al).

In well 6407/9-1 tests of S. bulloides, E. pygmeus, Cerato-
bulimina sp. and G. subglobosa from the sample at 790
m gave a corrected ¥Sr/*Sr-ratio of 0.708981 correspon-
ding to an age of approximately 6.0 Ma. Tests of Bolivina
cf. antique, T. alsatica, A. scitula and G. soldanii girardana
from the sample at 900 m gave a corrected *Sr/*Sr-ratio
of 0.707876 corresponding to an age of approximately
32.4 Ma (Table 1, Fig. A3).

Lithology
Upper Pliocene (Naust Formation)

The ditch cutting samples from this unit contain a clay-
rich diamicton which is rich in sand, silt and pebbles.
The pebbles are mostly of crystalline lithology, but some
of sedimentary rocks are also recorded. All these pebbles
are interpreted as ice-rafted. Glacio-marine sediments
of the Voring Plateau have been the subject of studies by
Jansen & Sjeholm (1991) and Fronval & Jansen (1996).
These studies demonstrated the presence of ice-rafted
material in sediments as old as 12.6 Ma. The frequency of
ice-rafted material increases during the period between
7.2 and 6.0 Ma, but remains relatively low between 6.0
Ma and 2.78 Ma. A marked increase in the supply of
such material after about 2.78 Ma reflects the expansion
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of the northern European glaciers. The maximum age
of the Naust Formation in the studied wells is therefore
assigned to be 2.78 Ma.

Upper Miocene and Lower Pliocene (Molo Formation)

The ditch cutting samples from these units contain
mainly glauconitic sand, silt and clay. Some pebbles are
also recorded, but these are probably caved.

Oligocene and Lower Miocene (Brygge Formation)

These sections contain mostly fine grained material. Mostly
clay is found in the samples, but small amounts of silt and
glauconitic sand are also recorded. The latter may be caved
from the immediately overlying Molo Formation.

Stratigraphical  conclusion  for  wells

6407/9-5, 6407/9-2 and 6407/9-1

Upper Pliocene (Naust Formation)

The lower part of the Upper Pliocene is investigated in
all wells and corresponds to the benthic foraminifera
E. hannai assemblage (Fig. 10). In well 6407/9-5 these
deposits correspond to planktonic foraminifera T. quin-
queloba, G. bulloides and N. atlantica (sinistral, upper
part) assemblages. In well 6407/9-2 the Upper Pliocene
corresponds to the planktonic foraminifera N. atlantica
(sinistral) assemblage (upper part) and in well 6407/9-1
to the planktonic foraminifera G. bulloides assemblage
(upper part). A large proportion of ice-rafted detritus
in the deposits indicates that the sediments were depo-
sited after the marked increase in the supply of ice-rafted
detritus to the Norwegian Sea, which started at about
2.78 Ma (Fronval & Jansen 1996, Fig. 10).

Lower Pliocene (Molo Formation)

The Lower Pliocene is observed in all wells (Fig. 10). In well
6407/9-5 these deposits correspond to the benthic foraminifera
E. pygmeus and M. pseudotepida assemblages, the planktonic
foraminifera N. atlantica (sinistral) assemblage (lower part)
and the dinoflagellate R. actinocronata Zone. In well 6407/9-2
the Lower Pliocene corresponds to the benthic foraminifera E.
pygmeus and M. pseudotepida assemblages, the planktonic fora-
minifera N. atlantica (sinistral) assemblage (lower part) and the
dinoflagellate Achomosphaera sp. 1 Assemblage Zone. In well
6407/9-1 these deposits correspond to the benthic foraminifera
E. pygmeus— S. bulloides assemblage, the planktonic foraminif-
eral G. bulloides (lower part) and N. atlantica (sinistral) assem-
blages and the dinoflagellate R. actinocronata Zone. Two Sr.
analyses in the lower part of the unit in well 6407/9-5 give ages
of approximately 5.7 and 5.8 Ma. This is slightly older than the
Early Pliocene/Late Miocene boundary according to Berggren
et al. (1995, approximately 5.3 Ma), but is within the accuracy
of the method (Eidvin et al. 1999).
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Upper Miocene to Lower Pliocene (Molo Formation)

Sediments given a general Late Miocene to Early Pliocene
age are only observed in well 6407/9-1 corresponding to
the dinoflagellate Achomosphaera sp. 1 Assemblage Zone
(Fig. 10). A Sr. analysis in the upper part of the unit gives
an age of approximately 6.0 Ma (Fig. A3).

Upper Miocene (Molo Formation)

Upper Miocene deposits are only recorded in the well 6407/9-5
corresponding to the benthic foraminifera G. subglobosa assem-
blage (upper part), the planktonic fossil assemblage B. metzm-
acheri and the dinoflagellate Achomosphaera sp. 1 Assemblage
Zone (Fig. 10). Two Sr. analyses in the upper part of this unit
give ages of approximately 5.2 and 5.8 Ma (Fig. A1). These ages
are somewhat younger than the occurrence of B. metzmacheri
in the North Atlantic and Norwegian Sea (approximately 10.0-
8.7 My, Spiegler & Miiller 1992, Miiller & Spiegler 1993). The
young Sr. isotope ages may be explained by the fact that the
samples could have contained caved tests, since the analysed
benthic foraminiferal taxa also occur in the immediately over-
lying assemblage. Unfortunately, the B. metzimacheri tests were
too small and too few to be used for the analyses.

Lower Miocene (Brygge Formation)

Lower Miocene sediments are observed in well 6407/9-
5 corresponding to the planktonic fossil Diatom sp. 4
assemblage and the dinoflagellate C. cantharellum Zone.

Lower Oligocene

Lower Oligocene deposits are recorded in all wells (Fig. 10).
In well 6407/9-5 these sediments correspond to the benthic
foraminiferal R. bulimoides assemblage and the dinoflagel-
late A. semicirculata and S. cooksoniae zones. In well 6407/9-
2 this unit corresponds to the benthic foraminiferal S. com-
pressa and A. scitula assemblages, the planktonic fossil Dia-
tom sp. and Diatom sp. 3 assemblages and the dinoflagellate
A. semicirculata and S. cooksoniae zones. In well 6407/9-1
the Lower Oligocene corresponds to benthic foraminiferal
G. soldanii girardana, T. alsatica, G. soldanii mamilata and
R. bulimoides assemblages and the dinoflagellate Achomio-
sphaera sp. 1 Assemblage Zone (lower part) and A. semi-
circulata Zone. The occurrence of Achomosphaera sp. 1 in
the Lower Oligocene is probably caved. One Sr. analysis in
the upper part of the unit in well 6407/9-5 gives an age of
approximately 30.3 Ma, and one analysis somewhat lower
down in the unit in well 6407/9-1 gives an age of 32.4 Ma.
These ages confirm the bistratigraphic correlations.

Shallow cores in the Nordland Ridge area

Previous studies

Sediments from the seismic unit IX, corresponding to
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the coastal deposits, were sampled with vibro corer, pis-
ton corer and grab by the Continental Shelf Institute
(IKU). Lithological and micropaleontological descrip-
tions and interpretations of the sediments were reported
in the unpublished report of Skarbe et al. (1983). The
main results were published in Bugge et al. (1984). These
authors gave the coastal deposits an Early Oligocene age.
Our evaluation of the dinoflagellate flora, described in
Skarbg et al. (1983), indicates that taxa are forms with
a range of Oligocene to Middle Miocene. However, all
taxa are probably reworked in the light of the new ages
given to the distal part of the coastal deposits, in the wells
6407/9-1, /9-2 and /9-5, in the Draugen Field.

Sites

According to Skarbe et al. (1983) sediments were sam-
pled at the sites B82-1984 (66°48°39”N, 10°42’13”E, vibro
corer), B82-1985/2 (66°46’17”N, 10°43’43”E, piston
corer), B82-186/5 (66°43’21”N, 10°38°01”E, vibro corer),
B82-187/4 (66°43’26”N, 10°32’43”E, grab), B82-189/2
(66°38°03”N, 10°33’33”E, vibro corer) and B82-191/2
(66°37°53”, 10°47°53, piston corer, Fig. 1).

Lithology

Skarbg et al. (1983) describe the sediments as rust-
stained, yellow sand with rounded pebbles. Quartz and
goethite dominate, but glauconite is very frequent in the
fine to medium fractions.

Palynological investigations

According to Skarbe et al. (1983) six samples were
analysed from the sites within this seismic unit (B82-
185/2 (two samples), B82-186/5, B82-187/4, B82-189/2
and B82-191/2. None of the samples yielded age diag-
nostic dinoflagellate cysts of Late Miocene to Early
Pliocene age.

A rich and diverse assemblage of reworked dinoflagel-
late cysts with an Oligocene-Middle Miocene affinity
was recorded in the sample from B82-187/4 including
Spiniferites ramosus subsp. granomenbranaceous, Thalas-
siphora cf. delicata, Tectatodinium cf. pelliferum and par-
ticularly Palaeocystodinium golzowense. Samples from
sites B82-185/2, B82-186/5 and B82-189/2 are nearly
barren although some evidence of Cainozoic sediments
is present. B82-185/2 and B82-186/5 contain middle
Creataceous forms whereas some Callovian to Oxfordian
forms are present in B82-189/2.

Sample B82-191/2 contains Eocene dinoflagellate cysts
Lentinia wetzelii and Dracodinium varielongitum. None
of the species recorded from this sample are restricted
to post-Eocene strata, and the site is close to the eastern
margin of the seismic unit and to Eocene outcropping
strata (Skarbg et al. 1983).
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Micropaleontological investigations

Skarbg et al. (1983) did not report foraminifera from these
sites, but they probably recorded some caved forms. T. Eid-
vin (personal observation, 1995) analysed one very large
sample from B82-185/2 and one from B82-186/5 and found
only Pliocene to Holocene forms. No Pliocene foraminife-
ral index forms were seen, indicating that the fossils are no
older than the Pleistocene. The tests have a white, unstained
and unworn appearance, typical for late Weichselian and
Holocene sediments. All these tests were probably caved and
mixed with the sampled material during coring.

Well 6510/2-1 on the Vega High

Well location, material and methods

Well 6510/2-1 (65°47°15.60”N, 10°25°51.33”E, Fig. 1) is
the southernmost well drilled in the proximal part of the
Molo Formation. The seafloor is 348 mRKB, and the well
was drilled down to 1224 mRKB with no return of drill
cuttings to the rig. The interval 441-722 m was sampled
with sidewall cores. The upper part of this interval (side-
wall core samples 441 to 480 m) corresponds to the sandy
coastal deposits.
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A number of 14 sidewall cores were analysed for dino-
flagellates and ten samples for foraminifera. From 11-36 g
material was available from the cores. The foraminiferal
identification was done in the 106-500-pm fraction.
In some cases the fraction larger than 500-pm was also
studied. Material less than 106-um was saved for palyno-
logical analyses.

Foraminiferal assemblages

Foraminifera of quite poor diversity and assemblage
composition occur in most of the investigated samples.
One sample is barren of foraminifera, one interval con-
tains only reworked and caved forms, and one interval
contains only species with very long stratigraphic ranges.

UNDEFINED INTERVAL

Material: One sidewall core at 441 m.

Age: Post mid-Miocene (based on seismic interpretation
and regional considerations).

Lithostratigraphic unit: Molo Formation.

Assemblage: This interval is barren of foraminifera.

UNDEFINED INTERVAL

Depth range: 455-480 m.

Material: Two sidewall cores at 455 and 480 m.

Age: Post mid-Miocene (based on seismic interpretation
and regional considerations).

Lithostratigraphic unit: Molo Formation.

Reworked assemblage: A. guerichi staeschei is scarce in
the uppermost sample, but is quite common in the
lowermost sample. One specimen of P. bulloides is also
recorded in the lowermost sample (Fig. A7). All of the
tests are eroded.

Caved assemblage: A few specimens of Bulimina mar-
ginata, Elphidium sp., Islandiella islandica, Uvigerina pere-
grina, Dentalina sp., Hyalinea baltica, Pyrgo williamsoni
and N. pachyderma (sinistral, encrusted). All the tests
have a white, unstained and unworn appearance, typical
of late Pleistocene and Holocene deposits.

Remarks: The two sidewall cores in this interval contained
unconsolidated sands saturated with drillings fluids. It
was not possible to remove the drilling fluids during the
microfossil preparation process. These fluids were proba-
bly the source of the Pleistocene and Holocene fossils. King
(1989) described A. guerichi staeschei from basal Lower to
basal Middle Miocene sediments in the North Sea area. P.
bulloides is described from the Oligocene to recent deposits
(Batjes 1958, Mackensen et al. 1985). The occurrence of P
bulloides may consequently be in situ. However, it is most
likely reworked since the sole specimen is clearly eroded.
It is not likely to be caved since this species is only known
from deep water, continental slope sediments in Pleisto-
cene and recent deposits (Mackensen et al. 1985, T. Eidvin
personal observation). Probably none of the foraminifera
recorded in this interval are in situ.

UNDEFINED INTERVAL
Depth range: 502-589 m.
Material: Seven sidewall cores at 502, 511, 519, 567, 575,
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582 and 589 m.

Age: ?Early Oligocene-Farly Eocene (based on palyno-
logical evidence).

Lithostratigraphic unit: Brygge Formation.

Assemblage: Only rare, agglutinated foraminifera occur
in this interval. Ammodiscus sp., Bathysiphon sp., Haplo-
phragmoides sp., Rhizammina sp. and Textulariina sp. are
recorded (Fig. A7).

Remarks: No age diagnostic foraminifera are found in
this interval, and only a general Paleogene age can be
inferred on the basis of the foraminifera.

Dinoflagellate cyst zones

The samples examined for palynology contained rela-
tively rich and diverse assemblages of dinoflagellate cysts.
Age interpretation based on dinoflagellates is, however,
not straight forward, since several samples commonly
contain reworked Palaeogene (and Mesozoic) specimens.

UNDEFINED INTERVAL

Depth range: 441-480 m.

Material: Three sidewall cores at 441 m, 455 m and 480 m.
Age: Post mid-Miocene (based on seismic interpretation
and regional considerations).

Lithostratigraphic unit: Molo Formation.

Description: The interval contains common to abundant
reworked Palaeogene to mid-Miocene dinoflagllate cysts,
and only a few post younger Neogene specimens. The
two upper samples are characterised by abundant (441
m) to common (455 m) Cyclopsiella granosa, together
with abundant Paralacaniella indentata (Fig. A8). The
Pliocene-Pleistocene species Selenopemphix brevispinosa
and Spiniferites mirabilis were recovered in the sample
at 441 m. The sample from 480 m contains Spiniferites
elongatus, Nematopshaeropsis labyrinthus, Selenopemphix
quanta and Invertocysta lacrymosa.

Remarks: The recovery of Selenopemphix brevispinosa
at 441 m may suggest an Early Pliocene age at this level.
Hystrichosphaera obscura found at 441 m, has a last
occurrence datum in Late Miocene, but this species also
ranges into strata as old as Oligocene. Matsuoka & Head
(1992) report an Early to Late Miocene age for Cyclopsi-
ella granosa based on several published observations in
the North Atlantic Ocean. In a recent study on the impact
of the onset of major Northern Hemisphere glaciations
on dinoflagellate cyst assemblages in the Mediterranean
and the North Atlantic (DSDP Site 607) Versteegh (1997)
found that the LAD of Invertocysta lacrymosa appears to
be a valuable marker for isotope stage 110. In ODP Site
986 Smelror (1999) noted the LAD of this species in sedi-
ments interpreted to lie within the Matuyama paleomag-
netic chron (Channell et al. 1999), i.e. close to ~ 2.6 Ma.

AREOLIGERA SEMICIRCULATA ZONE

Definition: The body of strata between the highest/
youngest occurrence of Areoligera semicirculata and the
highest/youngest occurrence of Svalbardella cooksoniae.
Material: One sidewall core at 502 m.
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Age: Early Oligocene.

Lithostratigraphic unit: Brygge Formation.

Decription: The assemblage is characterised by abun-
dant Areosphaeridium arcuatum, common Deflandrea
phosphoritica and Phatanoperidinium comatum, and the
presence of Corrudinium incompsitum, Criproperidinium
giuseppei, Melitasphaeridium asterium and Areoligera
semicirculata (Fig. A8).

Reworked assemblage: Paleoperidinium pyrophorum is
possibly reworked from Upper Palaeocene or older strata,
while Atopodinium haromense is reworked from the lower
Middle or Upper Jurassic.

Remarks: The presence of Areoligera semicirculata gives
firm evidence of an age not younger than Early Oligocene
(i.e. 28.5 Ma according to Williams & Manum, 1999).
The presence (acme) of Areosphaeridium arcuatum sup-
ports this interpretation.

HETERAULACACYSTA POROSA ZONE

Category: Informal local taxon range zone.

Informal local boundary criteria: The top and base of the
zone is defined by the highest and lowest occurrence of
Heteraulacacysta porosa respectively.

Material: One sidewall core at 511 m.

Age: Late Middle Eocene (Bartonian).

Lithostratigraphic unit: Brygge Formation.

Description: The sample at 511 m is characterised by
abundant Phthanoperidinium geminatum, together with
P. clinthridum and Heteraulacacysta porosa.

Remarks: H. porosa found in this sample is a good marker
for the Middle Eocene (i.e. upper NP16 to NP17 Zones,
Powell 1992, Bujak 1994). The presence of Pthtanoperi-
dinium clinthridum and common Pthtanoperidinium
geminatum support this age interpretation (Fig. AS8).
In their study of ODP Site 643 on the Vering Plateau,
Manum et al. (1989) found H. porosa in one single sam-
ple (104-643-51-1) within their Middle Eocene Areos-
phaeridium arcuatum Zone.

EATONICYSTA URSULAE ZONE

Category: Concurrent range zone.

Informal local boundary criteria: The top of the zone is
defined by the highest occurrence (LAD) of Eatonicysta
ursulae, and the base by the highest occurrence (LAD) of
Deflandrea oebisfeldensis.

Depth range: 519-587 m.

Material: Five sidewall cores (519 m, 567 m, 575 m, 582
m and 587 m).

Age: Late Early-early Middle Eocene.

Lithostratigraphic unit: Brygge Formation.

Description: This zone is characterised by the presence of
Eatonicysta ursulae and Hystrichosphaeropsis costae. Other
typical species are Cerebrocysta bartonensis, Rottnestia
borussica and Areosphaeridium michoudii (Fig. A8).
Remarks: The presence of Eatonicysta ursulae at 519 m
gives an age not younger than early Middle Eocene (i.e.
equivalent to NP15 Zone) at this level (Powell 1992). The
presence of Hystrichosphaeropsis costae in the same sam-
ple supports this interpretation (following the top range
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of this species given in Bujak (1994)). The youngest
occurrence of Cerebrocysta magna further suggests an age
not younger than middle NP15 Zone at 567 m. The pres-
ence of Adnatosphaeridium vittatum at 582 m indicates
an age not older than middle NP12 Zone at this level.
The occurrence of Dracodinium varielongitidum at 575
m, 582 m and 587 m suggests an age not older than mid-
dle Early Eocene (NP 12 Zone) down to 587 m: Deflan-
drea granulata is present between 575-587 m. The lowest
occurrence of this species defines the base of the Deflan-
drea sp. B Zone of Manum et al. (1989). The underlying
A. vittatum Zone of Manum et al. (1989) was defined
as the interval from the lowest occurrence of A. vitta-
tum to the lowest occurrence of Deflandrea sp. B (herein
recorded as D. granulata). In well 6510/2-1 A. vittatum
has only been found in a single sample at 582 m, together
with D. granulata. While Manum et al. (1989) dated the
oldest occurrence of A. vittatum as Middle Eocene, Pow-
ell (1992) placed the FAD of this species within the mid
Ypresian.

UNDEFINED INTERVAL

Depth range: 591-593 m.

Material: Two sidewall cores at 591 m and 593 m.

Age: ?Early Eocene.

Lithostratigraphic unit: Brygge Formation.

Description: This interval contains a characteristic Early
Eocene dinoflagellate cyst assemblage which includes
Areosphaeridium dictyoplokkus, A. michoudii, Deflandrea
phosphoritica, Rottnestia borussica, Thalassiphora delicata,
T. pelagica, Wezelialla ovalis and Cordosphaeridium funi-
culatum.

Remarks: An Early Eocene age (equivalent to NP Zone
12) can probably be extended down to 593 m based on
the presence of Cribroperidinium tenuitabulatum, Deflan-
drea phosphoritica, Wetzeliella ovalis, Areosphaeridium
dictyoplokkus and Rottnestia borussica (Fig. A8). Accord-
ing to Powell (1992) both A. dictyoplokkus and W. ovalis
have their oldest appearances in beds equivalent in age to
the middle Ypresian NP12 Zone. The presence of Aliso-
cysta margarita and Isabelidinium ?viborgense at 593 m is
taken as evidence of reworking from the Upper Palaeo-
cene. Reworking from the Lower Cretaceous is seen from
the presence of Speetonia sp., Sirmiodinium grossii and
Dingodinium cerviculum.

ALISOCYSTA MARGARITA ZONE

Category: Informal local taxon range zone.

Informal local boundary criteria: The top and the bottom
of the zone are defined by the highest and lowest occur-
rence of A. margarita.

Depth range: 701-722 m.

Material: Two sidewall cores at 701 m and 722 m.

Age: Late Palacocene to Early Eocene.

Lithostratigraphic unit: Tare Formation.

Description: This zone is characterised by the presence
of Alisocysta margarita, Deflandrea oebisfeldensis, Cerodi-
nium striatum and Apectodinium spp (Fig. A8).

Remarks: The presence of common A. margarita, together
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with abundant Cerodinium speciosum at 701 m is good
evidence for a Late Palacocene age at this level.

According to Powell (1992) A. margarita does not
range above beds equivalent in age to the NP Zone 8.
In the sample at 722 m these two species occur together
with Apectodinium hyperacanthum and Apectodinium

quiquelatum. According to Powell (1992) the two latter
species do not range below the NP9 Zone. These ranges
are not consistent the observations from the sample
at 722 m. Schroder (1992), however, noted an overlap
between the ranges of A. cf. margarita and Apectodinium
spp. in the zonation developed for Shell UK. for the
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Palaeocene of the North Sea Basin. Following the Shell
zonation the samples at 701-722 m can be related to
Zone PT19.1 (and lowermost 19.2).

Strontium isotope stratigraphy

Three samples, with tests of calcareous foraminifera
taken from the sidewall core at 480 m, were analysed for
strontium isotopes. One sample containing tests of pre-
sumed reworked A. guerichi staeschei gave a corrected
87Sr/*Sr-ratio of 0.708672. On the seawater Sr isotope
curve of Howarth & McArthur (1997) this ¥Sr/%Sr-ratio
corresponds to an age of approximately 17.2 Ma (late
Early Miocene, Table 1, Fig. A7).

The two other Sr samples from the sidewall core at 480
m contained tests of presumed caved Pleistocene — Holo-
cene forms. The ¥Sr/*Sr-ratios of these samples corre-
spond to very young ages (Nodtvedt 1999).

Stratigraphical conclusion for well 6510/2-1
Interval 441-480 m (Molo Formation, post mid- Miocene)

No specific foraminifera and dinoflagellate cyst zonal
markers were recoverd from the Molo Formation in this
well, and the Sr-age of 17.2 Ma is derived from reworked
foraminifera. However, the presence of the dinoflagel-
late cysts Selenopemphix brevispinosa (441 m) and Inver-
tocysta lacrymosa (480 m) may be indicative of a Late
Miocene - Early Pliocene age, but these species are also
known to range into older Neogene strata.

Sample at 502 m (Brygge Formation, ?Lower Oligocene)

Dinoflagellates attributed to the A. semicirculata Zone
indicate an Early Oligocene age for this sample. No age
diagnostic foraminifera are found and the foraminifera
indicate only a general Palacogene age.

Sample at 511 m (Brygge Formation, Upper part of
Middle Eocene)

Dinoflagellates attributed to the H. porosa Zone date this
sample to late Middle Eocene. The foraminifera indicate
only a general Palaeogene age.

Interval 519-589 m (Brygge Formation, Upper part of
Lower Eocene-lower part of Middle Eocene)

Dinoflagellates attributed to the E. ursulae Zone date this
interval to late Early-early Middle Eocene. The foramin-
ifera indicate only a general Palaeogene age.

Interval 591-593 m (Brygge Formation, ?Lower Eocene)

The dinoflagellates indicate an Early Eocene age for this
interval.
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Interval 701-702 m (Tare Formation, Upper Palaeocene-
Lower Eocene)

Dinoflagellates attributed to the Alisocysta margarita
Zone date this interval to Late Palaeocene.

Lithology

The sidewall cores at 441, 455 and 480 m, which repre-
sent the Molo Formation contain quite coarse sand. The
sand contains mainly glauconite (dominant) and quartz
grains, which are angular to sub-angular. Many of the
quartz grains are rust-stained.

The sidewall cores at 502, 519, 567, 575, 582, 587, 591 and
593 m which represent the Brygge Formation of ?Early
Eocene to ?Early Oligocene age and the sample at 701 m
of the uppermost Tare Formation of Late Paleocene —
Early Eocene age contain mostly muddy, micaceous silt-
stones. The sample at 511 m of the Brygge Formation is,
however, quite sandy, but the sand is not as coarse as the
sand of the Molo Formation. The sand contains quartz,
mica and a smaller portion of glauconite.

The lowermost sample at 702 m of the Tare Formation
is also dominated by sand. This sand is quite coarse and
several pebbles are also recorded. It is quite similar to the
sand of the Molo Formation regarding mineralogy, grain
forms and colour, but is even coarser.

well

Revised palynostratigaphy
6610/3-1 on the Norgland Rldge

Previous studies

Information on foraminiferal and palynological bio-
stratigraphy and strontium isotope analyses from the
Molo Formation in well 6610/3-1 (66°55°29.70”N,
10°54°6.28”E, Fig. 1) has previously been published by
Eidvin et al. (1998). Their study included 5 sidewall cores
from the interval between 460-555 m. From their find-
ings they concluded that the Molo Formation in this well
was of Early Oligocene age, although the foraminifera
found in the interval are known to have a longer Early
Oligocene to Early Miocene range in the North Sea area.
The strontium isotope ages obtained from 525 m and 555
m, however, pointed towards Early Oligocene and Late
Eocene ages of 35.9 Ma and 39.8 Ma, respectively (33.6
Ma and 36.9 Ma on the new strontium isotope curve of
Howarth & McArthur (1997) and the time scale of Berg-
gren et al. (1995)). The lowermost sample was believed
to be contaminated, and the upper analysed sample was
regarded as most reliable. One new analysis of foramin-
ifera from 555 m gave an age of 37.5 Ma (Table 1, Fig.
A9). According to Eidvin et al. (1998) the dinoflagellate
cyst assemblages from this interval contain a mixture of
Jurassic, Palaeocene and Early Eocene-Early Oligocene
species.
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Material and methods

The re-analyses of the marine palynomorphs is based on
the five samples analysed by Eidvin et al. (1998). In addi-
tion six more samples from the immediately underlying
section were used. The same kind of preparation meth-
ods were used for these samples as for the samples in the
wells 6407/5-1, 6407/5-2 and 6407/5-5.

Dinoflagellate cyst zones

UNDEFINED INTERVAL

Depth range: 460-555 m.

Material: Five side wall cores at 460 m, 480 m, 502 m, 525
m and 555m.

Age: Post mid-Miocene (based on seismic interpretation
and regional considerations).

Lithostratigraphic unit: Molo Formation.

Description: The dinoflagellate cyst assemblages from this
interval are totally dominated by reworked Palaeogene
and Mesozoic dinoflagellate species. A few taxa which
may be in situ include Batiacasphaera spp., Spiniferites
spp., Reticulatosphaera actinocoronata and Operculodin-
ium centrocarpum (Fig. A9).

Remarks: The single occurrence of Reticulatosphaera
actonocoronata at 525 m may indicate a correlation to the
Early Pliocene Reticulatosphaera actonocoronata Zone.
However, this species has a long range in the Cainozoic,
and may thus be reworked along with the other abun-
dant reworked Tertiary dinoflagellate cysts.

UNDEFINED INTERVAL

Material: Two sidewall cores at 585.5 m and 611 m.

Age: *tMliddel Eocene (Bartonian).

Lithostratigraphic unit: Brygge Formation.

Description: The assemblage is a rich and relative diverse
marine microflora, which includes several typical Eocene
species, including Enneadocysta pectiniformis (abundant
at 555 m), E. arcuata, E. fenestrata, Rottnestia borussica,
Areosphaeridium dictyoplokkus, Corrudinium incomposi-
tum, Cribroperidinium giuseppei, Cerebrocysta bartonensis
and Samlandia chalmydophora.

Remarks: The presence of Enneadocysta fenestrata at 611
m (Fig. A9) points to an age not younger than early Late
Eocene (early Priabonian), while the record of Rottnes-
tia bourssica in the same sample restricts the age to not
younger than latest Middle Eocene (Powell 1992, Bujak &
Mudge 1994). The appearance of Corrudinium incomposi-
tum up to the sample at 585.5 m is further evidence for a
Middle Eocene age for this interval (following the range
for this species given in Powell, 1992). Reworked dinofla-
gellate cysts include Endoscrinium pharao (Late Jurassic-
Early Cretaceous) found at 585.5 m.

HETERAULACACYSTA POROSA ZONE

Category: Informal local taxon range zone.

Informal local boundary criteria: The top and base of the
zone are defined by the highest and lowest occurrence of
Heteraulacacysta porosa respectively.

Material: Two sidewall cores at 643 m and 684m.
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Age: Late Middle Eocene (Bartonian).

Lithostratigraphic unit: Brygge Formation.

Description: Characteristic species from this zone include
Heteraulacacysta porosa,  Areosphaeridium michoudii,
Glaphyrocysta exuberans, Diphyes pseudofiscusoides and
Cerebrocysta bartonensis (Fig. A9).

Remarks: Heteraulacacysta porosa found in both samples
from this zone is a good marker for the Middle Eocene (i.e.
upper NP16 to NP17 Zones, Powell 1992, Bujak 1994)

DIPHYES COLLIGERUM ZONE

Definition: The body of strata between the highest/
youngest occurrence of Diphyes colligerum and the high-
est/youngest occurrence of abundant Systematophora
placacantha (Bujak & Mudge 1994).

Depth range: 715-733 m.

Material: Two sidewall cores at 715 m and 733 m.

Age: Middle Eocene (late Luetian).

Lithostratigraphic unit: Brygge Formation.

Description: This zone is characterised by the presence of
Diphyes colligerum, together with Areosphaeridium dic-
tyoplokkus, Corrudinium incompositum, Distatodinium
craterum and Rottnestia borussica (Fig. A9).

Remarks: According to Powell (1992) Corrudinium incompo-
situm and Distatodinium craterum have their oldest appea-
rances in beds equivalent in age to the upper Lutetian NP16
Zone: The presence of Apectodinium augustum at 733 m is
taken as evidence of reworking from the Upper Palaeocene.

Stratigraphy of well 6610/2-1S on the
Nordland Ridge

Well location, material and methods

Well 6610/2-1S (66°48'48.73”N, 10°30°26.70”E) was drilled
just to the west of well 6610/3-1 (Fig. 1). In well 6610/2-1S
the sediments immediately under the Molo Formation were
sampled with ditch cuttings. Eleven sidewall cores were ana-
lysed for dinoflagellates and seven samples analysed for fora-
minifera. The same amount of material and the same kind of
fossil preparation methods were used for well 6610/2-1S as
for wells 6407/5-1, 6407/5-2 and 6407/9-5.

Foraminiferal assemblages

The upper part of the of the analysed interval, from 950
to 1000 m, contains calcareous foraminiferal assemblages,
while in situ agglutinated foraminifera are absent. In the
sample at 1010 m a marked change takes place from cal-
careous assemblages to mixed calcareous — agglutinated
assemblages. It is supposed that this faunal turnover
reflects a change in depositional conditions from shallow
water (above) to deeper water (below).

TURRILINA ALSATICA ASSEMBLAGE
Definition: The top of the assemblage extends to the
uppermost investigated sample. The base is marked by
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gamma ray units.

the highest occurrence of G. soldanii mamillata.

Depth range: 950-980 m.

Material: Three ditch cuttings samples at 950, 960 and 970 m.
Age: Early Oligocene (partly based on palynological evidence).
Lithostratigraphic unit: Brygge Formation.

Correlation: Subzone NSB 7b of King (1989) and Zones
NSR 7A or 7B of Gradstein and Bickstrom (1996).
Description: The fossil assemblage in this interval is domi-
nated by radiolaria and pyritized diatoms. Benthic foramini-
fera are quite sparse, but include T. alsatica, Stilostomella
adolphina, Q. seminulum and E. variabilis (Fig. A10).
Remarks: T. alsatica is known from the Lower Oligocene
to the lowermost Lower Miocene succession in the North
Sea (King 1989). According to Gradstein & Backstrom

(1996) this species is known from the Lower Oligocene
to the lowermost Upper Oligocene in the same area. S.
adolphina is recorded from the upper part of the Lower
Oligocene succession in Denmark (Ulleberg 1974).

GYROIDINA SOLDANIT MAMILLATA — ROTALIATINA
BULIMOIDES ASSEMBLAGE

Definition: The top of the assemblage is taken at the highest
occurrence of G. soldanii mamillata. The base is undefined.
Depth range: 980-1010 m.

Material: Four ditch cutting samples at 980, 990, 1000
and 1010 m.

Age: Early Oligocene.

Lithostratigraphic unit: Brygge Formation.
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Correlation: Subzone NSB 7a of King (1989) and Zones
NSR 7A or 7B of Gradstein & Backstrom (1996).
Description: This assemblage contains a moderately rich
fossil assemblage of radiolaria, pyritized diatoms and
benthic foraminifera. Radiolaria and pyritized diatoms
are dominant in the upper part while benthic foramini-
fera are dominant in the lower part. Mainly calcareous
benthic foraminifera are recorded, but a few agglutinated
forms are found in the lowermost sample. Benthic fora-
minifera are not common, but important taxa include
T. alsatica, E. variabilis, A. scitula, G. soldanii mamillata,
Cibicides tenellus, R. bulimoides, P. bulloides and Cassidu-
lina carpitana (lower part, Fig. A10).

Remarks: In the North Sea area G. soldanii mamilliata is
described from the Lower Oligocene to the lowermost
Upper Oligocene according to King (1989) and from the
Upper Eocene to the lowermost Upper Oligocene according
to Gradstein & Bickstrom (1996). R. bulimoides is known
from the Lower Oligocene to the lowermost Upper Oligo-
cene according to King (1989) and from the Upper Eocene
to the Lower Oligocene according to Gradstein & Bick-
strom (1996). C. carpitana is described from Lower Oligo-
cene deposits in the same area. A. scitula is known from the
Lower Oligocene to Lower Miocene in the North Sea and
from the Lower Oligocene to the basal Middle Miocene in
the Haltenbanken area according to Gradstein & Béckstrom
(1996). C. tenellus is known from Oligocene sediments in
Belgium (Batjes 1958).

Dinoflagellate cyst zones

AREOLIGERA SEMICIRCULATA ZONE

Definition: The body of strata between the highest/
youngest occurrence of Areoligera semicirculata and the
highest/youngest occurrence of Svalbardella cooksoniae.
Depth range: 950-990 m.

Material: Four ditch cutting samples at 950 m, 960 m,
970 m and 980 m.

Age: Early Oligocene.

Lithostratigraphic unit: Brygge Formation.

Description: The zone contains abundant and relatively
diverse dinoflagellate cysts assemblages. Areoligere semi-
circulata is common at 950 m and 960 m, while Spiniferi-
tes spp. is common to abundant throughout the zone.
Characteristic species with last occurrences in the zone
are Chiropteridium lobospinosum, Enneadocysta arcuata,
Histocysta sp. 1 and Criborperidinium giuseppei (Fig. A11).
The zone contains reworked Late-Middle Eocene and
Jurassic dinoflagellate cysts.

Remarks: According to Powell (1992) the last appearance
datum (LAD) of A. semicirculata lies within the lower
NP25 calcareous nannoplankton biozone in Britain and
in the North Sea area. Manum et al. (1989) found that the
LAD of this species (named Glaphyrocysta intricata in their
publication) corresponded to the upper boundary of their
Early/Late Oligocene Areosphaeridium? actinocoronatum
in ODP Hole 643 in the Norwegian Sea. The LAD of this
species also defines the upper boundary of the Oli4 Zone
of Poulsen et al. (1996) as defined in ODP Hole 908 on the
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Hovgaard Ridge between Svalbard and NE Greenland.

SVALBARDELLA COOKSONIAE ZONE

Category: Informal local taxon range zone.

Informal local boundary criteria: The top of the zone is
placed at the last appearance datum (LAD) of S. cook-
soniae, while the base is defined by the first appearance
datum (FAD) of Areosphaeridium dictyoplokkus.

Depth range: 990-1040 m.

Material: Five ditch cutting samples at 990m, 1000 m,
1010 m, 1020 m and 1030 m.

Age: Earliest Oligocene.

Lithostratigraphic unit: Brygge Formation.

Description: The zone contains abundant and relatively
diverse dinoflagellate cysts assemblages. Spiniferites spp.
are common to abundant throughout the zone, while
Phthanoperidinium comatum is common at 1000-1030
m. Glaphyrocysta exuberans, Membranophoridium aspi-
natum, Pyxidiniopsis denespunctata and Phthanoperidin-
ium geminatum have their last occurrences at the top of
the zone (Fig. A11).

Reworked assemblage: The zone contains reworked Late
Palaeocene, Cretaceous and Jurassic dinoflagellate cysts.
Remarks: In ODP Hole 643 Manum et al. (1989) found S. cook-
soniae to have a restricted occurrence in the earliest Oliogocene.
According to Williams & Manum (1999) the last appearance
datum of S. cooksoniae can be calibrated to 32 Ma.

UNDEFINED INTERVAL

Depth range: 1040-1050 m.

Material: Two ditch cutting at 1040m and 1050 m.

Age: Middle Eocene.

Lithostratigraphic unit: Brygge Formation.

Description: This interval contains relative abundant and
diverse Middle Eocene marine microfloras. An age not
younger then Middle Eocene at 1040 m is inferred by the
last appearance datum of Cassiculosphaera magna at this
level. According to Bujak & Mudge (1994) the youngest
occurrence of this species is within middle NP15 Zone.
The presence of Cerebrocysta bartonensis at 1040 m and
Rottnestia borussica at 1050 (Fig. A11) are further taken as
evidence for an age not younger than Middle Eocene for
this un-zoned interval. The single occurrence of Diphyes
colligerum at 1050 m may suggest that strata correlatable
to the Diphyes colligerum Zone are reached at this level.
According to Bujak & Mudge (1994) the D. colligerum
Zone is of Late Lutetian age. The interval also contains
reworked Late Palacocene dinoflagellate cysts.

Strontium isotope stratigraphy

One sample based on tests of presumed in situ R. buli-
moides and G. soldanii mamillata was analysed for stron-
tium isotopes. The tests were picked from the ditch cut-
tings samples at 990, 1000 and 1010 m. The sample gave a
corrected ¥Sr/*Sr-ratio of 0.707886 corresponding to an
age of approximately 32.2 Ma (Early Oligocene) on the
seawater St isotope curve of Howarth & McArthur (1997,
Table 1, Fig. A10).
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Stratigraphical conclusion for well 6610/2-1S
Interval 950-1040 m (Brygge Formation, Lower Oligocene)

Dinoflagellates attributed to the A. semicirculata Zone
and the S. cooksoniae Zone (950-1040 m) and benthic
foraminifera attributed to the T. alsatica assemblage, G.
soldanii mamillata — R. bulimoides assemblage (950-1010
m) date the interval to Early Oligocene. One strontium
isotope analysis of foraminiferal tests corresponding to
an age of approximately 32.2 Ma (990-1010 m) confirms
the biostratgraphical correlations.

Interval 1040-1050 m (Brygge Formation, Middle Eocene)
Dinoflagellates date this interval to Middle Eocene.

Lithology

All the investigated samples in well 6610/2-1S contain
silty mudstone.

Investigation of the Kai Formation

Stratigraphy and  litholo of well
6609%1 F—]yon the Trzndela%yﬂotform

Well location, material and methods

Well 6609/11-1 (66°08'13.90"N, 09°33°47.89”E, Fig.1) was
drilled on the Trondelag Platform, west of the area where the
Molo Formation wedges out, and sampled the Kai Forma-
tion. A number of 25 ditch cuttings were analysed for fora-
minifera, Bolboforma and diatoms, and 24 samples were analy-
sed for dinoflagellates. The same amount of material and the
same kind of fossil preparation methods were used for wells
6609/11-1 as for the wells 6407/5-1, 6407/5-2 and 6407/9-5.

Micropalaeontological assemblages

The sections from Late Miocene to Late Pliocene contain
moderately rich benthic faunas of mainly calcareous fora-
minifera. The planktonic fossil assemblages are sparse in
these units except for the lower part of the Upper Miocene
which contains a rich planktonic assemblage of Bolboforma,
planktonic foraminifera, radiolaria and pyritized diatoms.
The fossil assemblages in the Oligocene and Lower Miocene
sections are dominated by radiolaria, pyritized diatoms and
sponge spicules. Sparse faunas of agglutinated foraminifera
and some calcareous forms are also recorded in most sec-
tions. The faunal turnover at the mid-Miocene unconfor-
mity reflects a change in depositional conditions from shel-
fal water (above) to deeper shelfal water (below).

Benthic foraminiferal assemblages

CIBICIDES GROSSUS ASSEMBLAGE
Definition: The top of the assemblage extends to the
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uppermost investigated sample (1180 m). The base is
marked by the highest/youngest occurrence of C. telegdi.
Depth range: 1180-1240 m.

Material: Six ditch cutting samples.

Age: Late Miocene/Early Pliocene to Late Pliocene.
Lithostratigraphic unit: Kai and Naust Formation.
Correlation: Zone NSB 15 of King (1989), Cibicides grossa
zone of Stratlab (1988) and Zone NSR 12 B of Gradstein
& Bickstrom (1996).

Description: This unit contains a moderately rich ben-
thic fauna of calcareous foraminifera. C. scaldisiensis is
common throughout. Other characteristic taxa include
C. grossus, N. affine (common in lower part), C. lobatu-
lus, E. albiumbilicatum, E. hannai, B. marginata, B. tener-
rima, E. excavatum, C. teretis and A. fluens (lower part,
Fig. A12).

Remarks: The occurrence of C. grossus and E. hannai
indicates a Late Pliocene age (Doppert 1980, King 1989),
but log correlations show the top of the Kai Formation of
Late Miocene — Early Pliocene age reach as high as 1222
m. However, index fossils for Late Miocene — Early Plio-
cene are not recorded higher than 1240 m (see below).

CIBICIDES TELEGDI ASSEMBLAGE

Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of C. telegdi. The base is marked
by the highest/youngest occurrence of E. pygmeus and G.
subglobosa.

Depth range: 1240-1250 m.

Material: One ditch cutting sample.

Age: Late Miocene to Early Pliocene.

Lithostratigraphic unit: Kai Formation.

Correlation: Probably Cibicides telegdi — Eponides pygmeus
— Neogloboquadrina atlantica (dextral) zone of Fidvin et
al. (1998) and probably lower part of Melonis — Trifarina
zone of Stratlab (1988).

Description: The sole sample which constitutes this unit
contains a moderately rich benthic fauna of calcareous
foraminifera. N. affine occurs most frequently. Other
important species include C. telegdi, B. marginata, C.
teretis and A. fluens (Fig. A12).

Remarks: Most of the recorded benthic specimens are
known from sediments from almost the entire Neo-
gene. However, C. telegdi is described from the Oligo-
cene in Denmark and Germany (Grossheide & Trunko
1965, Hausmann 1964, Kummerle 1963, Ulleberg 1974).
This species is recorded in deposits from the Oligocene
to the Lower Pliocene in the North Sea and on the Nor-
wegian Sea continental shelf (Stratlab 1988, Eidvin et
al. 1998, Eidvin & Rundberg 2001 and Eidvin & Rund-
berg in press). Since taxa no older than Late Miocene
are recorded in underlying units this assemblage is most
likely of Late Miocene to Early Pliocene age.

EPONIDES PYGMEUS — GLOBOCASSIDULINA SUB-
GLOBOSA ASSEMBLAGE

Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of E. pygmeus and G. subglobosa.
The base is marked by the highest/youngest occurrence
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of Uvigerina venusta saxonica.

Depth range: 1250-1260 m.

Material: One ditch cutting sample.

Age: Late Miocene to Early Pliocene.

Lithostratigraphic unit: Kai Formation.

Correlation: Probably Ehrenbergina variabilis — Globige-
rina subglobosa - Neogloboquadrina atlantica (dextral)
zone and Cibicides telegdi — Eponides pygmeus — Neoglo-
boquadrina atlantica (dextral) zone of Eidvin et al. (1998)
and probably Globocassidulina subglobosa — Ehrenbergina
variabilis zone and lower part of Melonis — Trifarina zone
of Stratlab (1988).

Description: The sole sample from this unit contains a
moderately rich benthic fauna of calcareous foramin-
ifera. N. affine and C. feretis occur most frequently. Other
characteristic species include E. pygmeus, G. subglobosa,
C. telegdi and A. fluens (Fig. A12).

Remarks: Most of the recorded benthic specimens, also
in this unit, are known from sediments from almost the
entire Neogene. However, E. pygmeus is described from
the Oligocene in Denmark and Germany (Grossheide &
Trunko 1965, Hausmann 1964, Kummerle 1963, Ulle-
berg 1974). This species is recorded in deposits from the
Oligocene to the Lower Pliocene in the North Sea and
on the Norwegian Sea continental shelf (Stratlab 1988,
Eidvin et al. 1998, Eidvin & Rundberg 2001 and Eidvin
& Rundberg in press). G. subglobosa is recorded from the
Oligocene to the Lower Pliocene in the North Sea (Eid-
vin & Rundberg 2001 and Eidvin & Rundberg in press).
Since taxa no older than Late Miocene are recorded in
the immediately underlying unit, this assemblage is most
likely of Late Miocene to Early Pliocene age.

UVIGERINA VENUSTA SAXONICA ASSEMBLAGE
Definition: The top and base of the assemblage are taken
at the highest/youngest and lowest/oldest occurrence of
U. venusta saxonica.

Depth range: 1260-1280 m.

Material: Two ditch cutting samples.

Age: Late Miocene.

Lithostratigraphic unit: Kai Formation.

Correlation: Subzone NSB 13b of King (1989).
Description: This assemblage contains a moderately rich
benthic fauna of calcareous foraminifera. U. venusta saxo-
nica occurs most frequently. Other characteristic species
include Chilostomellina fimbriata, N. affine, C. teretis,
C. telegdi, E. pygmeus, G. subglobosa, P. bulloides and C.
dutemplei (Fig. A12).

Remarks: According to King (1989) U. venusta saxonica
and C. fimbriata are known from Upper Miocene to
Lower Pliocene deposits in the North Sea area. Sr. analyses
of tests of U. venusta saxonica from 1260 m gave an age
of 6.3 Ma (Late Miocene) and consequently rule out an
Early Pliocene age for this assemblage in well 6609/11-1.

UNDEFINED INTERVAL

Depth range: 1280-1290 m

Material: One ditch cutting sample.

Age: Early Miocene in the lower part and Late Miocene in
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the upper part (based on palynological evidence and log
correlation).

Lithostratigraphic unit: Upper part of Brygge Formation
and Kai Formation.

Description: This interval contains just a few, probably
caved, benthic foraminifera (Fig. A12).

TRIFARINA GRACILIS VAR. A ASSEMBLAGE
Definition: The top of the assemblage is taken at the high-
est occurrence of T. gracilis var. A (Batjes, 1958). The base
of the assemblage is undefined.

Depth range: One ditch cutting sample at 1290 m.

Age: Early Miocene.

Lithostratigraphic unit: Brygge Formation.

Correlation: Probably Zone NSB 10 or NSB 9 of King
(1989) and probably Zone NSR 8B of Gradstein & Back-
strom (1996).

Description: Just a few specimens of T. gracilis var. A, Mar-
tinottiella communis sp. (agglutinated) and Cassidulina sp.
are recorded in the sole sample of this unit (Fig. A12).
Remarks: According to Skarbe & Verdenius (1986) T.
gracilis var. A is known from Upper Oligocene to Lower
Miocene sediments on the Norwegian continental shelf,
and M. communis is described from the Miocene in the
same area. In well 6507/12-1 a co-occurrence of the upper
part of the T. gracilis assemblage with the planktonic B.
badenensis — B. reticulata assemblage indicates that T.
gracilis var. A lived into the Middle Miocene. However,
these Bolboforma taxa are not recorded here and conse-
quently the assemblage is probably of Early Miocene age
in well 6609/11-1.

UNDEFINED INTERVAL

Depth range: 1300-1375 m.

Material: Eight ditch cutting samples.

Age: Oligocene to Early Miocene (based on planktonic
fossil and palynological evidence).

Lithostratigraphic unit: Brygge Formation.

Description: Just a few undetermined agglutinated fora-
minifera are recorded in this interval.

BATHYSIPHON EOCENICUS ASSEMBLAGE
Definition: The top of the assemblage is taken at the
highest/youngest occurrence of B. eocenicus. The base
is marked by the highest/youngest occurrence of Spiro-
plectammina spectabilis.

Depth range: 1375-1410 m.

Material: Four ditch cutting samples.

Age: Late Eocene to Early Oligocene (partly based on paly-
nological evidence).

Lithostratigraphic unit: Brygge Formation.

Correlation: Probably Zone NSA 7 and NSA 8 of King
(1989) and probably Zone NSR 7A and NSR 7B of Grad-
stein & Bickstrom (1996).

Description: This interval contains a sparse fauna of
mainly agglutinated foraminifera. Recorded species
include B. eocenicus, S. compressa and Ammodiscus sp.
(Fig. A12).

Remarks: B. eocenicus is known from Eocene to Lower
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Oligocene deposits in the North Sea area. Spirosigmoi-
linella sp. A (synonymous with S. compressa) is known
from the Lower Oligocene to Lower Miocene succession
in the North Sea (King, 1989). According to Gradstein &
Bickstrom (1996) this species is known from the Mid-
dle Eocene to the Upper Oligocene in the North Sea and
from the Middle Eocene to the Lower Oligocene in the
Haltenbanken area.

SPIROPLECTAMMINA SPECTABILIS ASSEMBLAGE
Definition: The top of the assemblage is taken at the
highest/youngest occurrence of S. spectabilis. The base is
undefined.

Depth range: One ditch cutting sample at 1410 m.

Age: Middle Eocene (partly based on palynological evidence).
Lithostratigraphic unit: Brygge Formation.

Correlation: Zone NSA 5 of King (1989), Spiroplectammina
spectabilis zone of Stratlab (1988) and probably Zone NSR
5A or NSR 5B of Gradstein & Bickstrom (1996).
Description: Just a few specimens of S. spectabilis and
Cyclammina rotundidorsata are recorded in the sole sam-
ple of this unit (Fig. A12).

Remarks: According to King (1989) S. spectabilis is known
from the Lower to Middle Eocene in the North Sea area.
According to Gradstein & Bickstrom (1996) this species
is described from upper Palaecocene to Middle Eocene
deposits in the North Sea and the Haltenbanken areas. C.
rotundidorsata is known from the Eocene to the Lower
Miocene in the North Sea area according to Gradstein &
Bickstrom (1996).

Planktonic fossil assemblages

UNDEFINED INTERVAL

Depth range: 1180-1230 m.

Material: Five ditch cutting samples.

Age: Late Miocene/Early Pliocene to Late Pliocene (based
on log correlation and benthic foraminiferal evidence).
Lithostratigraphic unit: Kai and Naust Formation.
Description: This interval is nearly barren of planktonic
foraminifera. Just one specimen of N. pachyderma (dex-
tral) is recorded (Fig. A12).

GLOBIGERINA BULLOIDES ASSEMBLAGE

Definition: The top of the assemblage is taken at the
highest/youngest occurrence of G. bulloides. The base is
marked by the highest/youngest occurrence of N. atlan-
tica (sinistral).

Depth range: 1230-1240 m.

Material: One ditch cutting sample.

Age: Late Miocene to Early Pliocene.

Lithostratigraphic units: Kai Formation.

Correlation: Globigerina bulloides Zone of Weaver &
Clement (1986).

Descripton: Just a few specimens of G. bulloides and N.
pachyderma (dextral) are recorded in the sole sample
from this unit (Fig. A12).

Remarks: G. bulloides is known from the North Atlantic
and the Voring Plateau in Late Miocene to Late Pliocene
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sediments (Weaver & Clement 1986, Spiegler & Jansen
1989).

NEOGLOBOQUADRINA ATLANTICA (SINISTRAL)
ASSEMBLAGE

Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of N. atlantica (sinistral). The base
is marked by the highest/youngest occurrence of B. laevis.
Depth range: 1240-1260 m.

Material: Two ditch cutting samples.

Age: Late Miocene to Early Pliocene.

Lithostratigraphic unit: Kai Formation.

Correlation: N. atlantica (sinistral) Zone of Weaver &
Clement (1986) and Spiegler & Jansen (1989).
Description: The assemblage is characterized by a sparse
fauna of planktonic foraminifera. Recorded species
include N. atlantica (sinistral), G. bulloides and T. quin-
queloba (Fig. A12).

Remarks: N. atlantica (sinistral) is known from the North
Atlantic and the Vering Plateau in Late Miocene to Late
Pliocene sediments (Weaver & Clement 1986, Spiegler &
Jansen 1989).

BOLBOFORMA LAEVIS ASSEMBLAGE

Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of B. laevis. The base is marked
by the highest/youngest occurrence of B. subfragori.
Depth range: 1260-1270 m.

Material: One ditch cutting sample.

Age: Late Miocene.

Lithostratigraphic unit: Kai Formation.

Correlation: Bolboforma laevis/Bolboforma capsula Zone
of Spiegler & Miiller (1992) and Bolboforma laevis Zone
of Miiller & Spiegler (1993).

Description: The sole sample from this unit contains a
sparse fossil assemblage of Bolboforma and planktonic
foraminifera. B. laevis is the only Bolboforma species
recorded. Recorded foraminifera include G. bulloides, N.
atlantica (sinistral) and G. glutinata (Fig. A12).

Remarks: Spiegler & Miiller (1992) and Miiller & Spiegler
(1993) have recorded a B. laevis/B. capsula Zone from the
North Atlantic and a B. laevis Zone from the Vering Pla-
teau. These zones are described from deposits with an
age of approximately 10.3-10.0 My.

BOLBOFORMA SUBFRAGORI ASSEMBLAGE
Definition: The top and base of the assemblage are taken
at the highest/youngest and lowest/oldest occurrence of
B. subfragori.

Depth range: 1270-1280 m.

Material: Two ditch cutting samples.

Age: Late Miocene.

Lithostratigraphic unit: Kai Formation.

Correlation: Bolboforma fragori/B. subfragori Zone of
Spiegler & Miiller (1992) and Miiller & Spiegler (1993),
Subzone NSP 14a of King (1983) and Bolboforma spiralis
zone of Stratlab (1988).

Description: This unit is characterized by a rich fossil
assemblage of radiolaria, pyritized diatoms, Bolboforma
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and planktonic foraminifera. Radiolaria, pyritized dia-
toms and Bolboforma are dominant, with subordinate
foraminifera. B. subfragori is common. Other recorded
Bolboforma include B. laevis, B. metzmacheri (one speci-
men) and B. fragori. Recorded planktonic foraminifera
include N. pachyderma (caved), G. bulloides, Neoglobo-
quadrina acostaensis and N. atlantica (dextral, Fig. A12).
Remarks: A B. fragori/B. subfragori Zone is known from
deposits with an age of approximately 11.7-10.3 My from
the North Atlantic and the Voring Plateau (Spiegler &
Miiller 1992 and Miiller & Spiegler 1993). Spiegler & Jan-
sen (1989) describe a lower N. atlantica (dextral) Zone
from Upper Miocene sediments on the Vering Plateau.
N. acostaensis is reported from deposits of Middle to Late
Miocene age in the same area.

UNDEFINED INTERVAL

Depth range: 1280-1310 m.

Material: Three ditch cutting samples.

Age: Early Miocene in the lower part and Late Miocene in
the upper part (based on benthic foraminiferal and paly-
nological evidence).

Lithostratigraphic unit: Upper part of Brygge Formation
and lower part of Kai Formation.

Description: This interval contains a rich planktonic fos-
sil assemblage of pyritized diatoms and radiolaria, but no
diatom index fossil is recorded (Fig. A12).

DIATOM SP. 4 ASSEMBLAGE

Definition: The top of the assemblage is taken at the highest/
youngest occurrence of Diatom sp. 4. The base is marked
by the highest/youngest occurrence of Diatom sp. 3.

Depth range: 1310-1350 m.

Material: Four ditch cutting samples.

Age: Early Miocene.

Lithostratigraphic unit: Brygge Formation.

Correlation: Zone NSP 10 of King (1983).

Description: This unit contains a rich planktonic fossil
assemblage of radiolaria (dominant), and pyritized dia-
toms (including common Diatom sp. 4, Fig. A12).
Remarks: Diatom sp. 4 is described from Lower Miocene
deposits in the North Sea area (King 1983).

DIATOM SP. 3 ASSEMBLAGE

Definition: The top and base of the assemblage is taken
at the highest/youngest and lowest/oldest occurrence of
Diatom sp. 3.

Depth range: 1350-1385 m.

Material: Five ditch cutting samples.

Age: Early to Late Oligocene.

Lithostratigraphic unit: Brygge Formation.

Correlation: Subzone NSP 9c¢ of King (1989).

Description: Also this interval contains a rich planktonic
fossil assemblage of radiolaria (dominant) and pyritized
diatoms (including Diatom sp. 3, Fig. A12).

Remarks: Diatom sp. 3 is known from the upper part
of the Lower Oligocene to the lowermost part of Lower
Miocene in the North Sea area (King 1989).
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UNDEFINED INTERVAL

Depth range: 1385-1410 m.

Material: Four ditch cutting samples.

Age: Middle Eocene and Early Oligocene (based on ben-
thic foraminiferal and palynological evidence).
Lithostratigraphic unit: Brygge Formation.

Description: This unit contain a rich planktonic fossil
assemblage of pyritized diatoms and radiolaria (domi-
nant), but no diatom or radiolarian index fossil are
recorded (Fig. A12).

Dinoflagellate cyst zones

The investigated Upper Pliocene succession contains
few in situ dinoflagellate cysts (with typically less than
5 species present), but common to abundant reworked
older Cenozoic and Mesozoic specimens. A slightly more
rich and diverse marine microflora is encountered from
the Lower Pliocene, and the abundance and diversity
increases further downward into Upper-Middle Miocene
strata. Rich and diverse dinoflagellate cyst assemblages
are found in the Lower Miocene, Oligocene and Upper-
Middle Eocene deposits, allowing a relatively detailed
biostratigraphic breakdown of the interval between
1300-1410 m in the well.

UNDEFINED INTERVAL

Depth range: 1180-1240 m.

Material: Six ditch cutting samples.

Age: Late Miocene/Early Pliocene to Late Pliocene (based
on log correlation and benthic foraminiferal evidence).
Lithostratigraphic unit: Kai and Naust Formation.
Description: This interval contains only few in situ dinofla-
gellate cysts, but includes common to abundant reworked
older Cenozoic and Mesozoic specimens. The in situ
marine microfloras include Batiacasphaera spp., Opercu-
lodinium centrocarpum and Spiniferites spp. (Fig. A13).
Remarks: There are no age-diagnostic dinoflagellate cyst
species in this interval.

UNDEFINED INTERVAL

Depth range: 1240-1250 m.

Material: One ditch cutting sample.

Age: Late Miocene to Early Pliocene (based on benthic
and planktonic foraminiferal evidence).
Lithostratigraphic unit: Kai Formation.

Description: The ditch cutting sample from 1240 m contains
a low diversity dinoflagellate cyst assemblage comparable to
that recovered from the Upper Pliocene sequence.

Remarks: There are no age-diagnostic dinoflagellate cyst
species and the age of this interval is determined by the
presence of the Cibicides telegdi foraminiferal assemblage.

ACHOMOSPHAERA SP. 1 ASSEMBLAGE ZONE
Definition: The body of strata defined by the presence of
Achomosphaera sp. 1.

Depth range: 1250-1260 m.

Material: One ditch cutting sample.

Age: Late Miocene to Early Pliocene.
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Lithostratigraphic unit: Kai Formation.

Description: The ditch cutting sample from 1250 m con-
tains a moderate diversity of dinoflagellate cysts, includ-
ing common Batiacasphaera together with Amiculos-
phaera umbracula, Achomosphaera sp. 1, Barssidinium
graminosum and Hystrichokolpoma spp. (Fig. A13).
Remarks: This species has previously been consistently
recorded in Lower Pliocene-Upper Miocene strata at
ODP Sites 907, 908 and 909 in the Norwegian-Greenland
Sea (Poulsen et al. 1996). The highest occurrence of Spi-
niferites pseudofurcatus at 1250 m may suggest that the
age of the zone in this well is Late Miocene, rather than
Early Pliocene. The presence of Middle — Late Miocene
marker species Labyrintodinium truncatum in this zone
is considered to be due to reworking.

UNDEFINED INTERVAL

Depth range: 1260-1290 m.

Material: Three ditch cutting samples.

Age: Early Miocene in the lower part (based on log cor-
relation) and Late Miocene in the upper part (based on
benthic foraminiferal and planktonic fossil evidence).
Lithostratigaphic unit: Upper part of Brygge Formation
and lower part of the Kai Formation.

Description: The interval contains moderate by rich and
diverse assemblages of dinoflagellate cysts, and recovered
key species include Barssidinium graminosum, Spiniferites
pseudofurcatus, Hystrichokolpoma spp., Hystrichosphaerop-
sis obscura and Reticulatosphaera actinocoronata (Fig. A13).
Remarks: The occurrence of Hystrichosphaeropsis obscura at 1270
m suggests an age older than 7.25 Ma according to the last occur-
rence datum for this species given by Smelror et al. (in press).

DISTATODINIUM PARADOXUM ZONE

Definition: The body of strata between the highest/
youngest occurrence of Distatodinium paradoxum and
the highest/youngest occurrence of Cribroperidinium
tenuitabulatum (Smelror et al. in press).

Depth range: 1290-1300 m.

Material: One ditch cutting sample.

Age: Latest Early Miocene (partly based on benthic fora-
miniferal evidence).

Lithostratigraphic unit: Brygge Formation.

Description: The interval contains a fairly rich and diverse
assemblage of dinoflagellate cysts. Recovered key species
are Distatodinium craterum, Palaeocystodinium spp., Homo-
trybilum floripes, Tuberculodinium vancampoae, common
Systematophora placacantha, Invertocysta tabulata and Pala-
eocystodinium sp. A Costa & Downie (1979, Fig. A13).

CRIBROPERIDINIUM TENUITABULATUM ZONE
Definition: The body of strata between the highest/young-
est occurrence of Cribroperidinium tenuitabulatum and
the highest/youngest occurrence of Cordosphaeridium
cantharellum (Smelror et al. in press).

Depth range: 1300-1310 m.

Material: One ditch cutting sample.

Age: Early Miocene.

Lithostratigraphic unit: Brygge Formation.
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Description: The interval contains a fairly rich and diverse
assemblage of dinoflagellate cysts. Recovered key species
include Apteodinium spiridoides, Cribroperidinium tenui-
tabulatum, Distatodinium craterum, Spiniferites pseudo-
furcatus, Palaeocystodinium spp., Homotrybilum floripes,
Tuberculodinium vancampoae and common Systema-
tophora placacantha (Fig. A13).

Remarks: The present Cribroperidinium tenuitabulatum Zone
can be correlated to the Mio2 Zone as defined by Poulsen et
al. (1996) at ODP Site 909 in the Greenland-Spitsbergen Sill.

CORDOSPHAERIDIUM CANTHARELLUM ZONE
Definition: The body of strata between the highest/
youngest occurrence of Cordosphaeridium cantharellum
and the highest/youngest occurrence of Caligodinium
amiculum (Smelror et al. in press).

Depth range: 1310-1325 m.

Material: One ditch cutting sample.

Age: Mid Early Miocene.

Lithostratigraphic unit: Brygge Formation.

Description: The zone contains a fairly rich and diverse
assemblage of dinoflagellate cysts. Recovered key spe-
cies include Cordosphaeridium cantharellum, Cribroperi-
dinium tenuitabulatum, Distatodinium spp., Spiniferites
pseudofurcatus, Palaeocystodinium spp. and common Sys-
tematophora placacantha (Fig. A13).

Remarks: Powell (1992) calibrated the LAD of Cordos-
phaeridium cantharellum to the lower NN 4 Zone in the
British Tertiary, while de Verteuil & Norris (1996) placed the
LAD in the upper NN 2 in their study on the Miocene of the
U.S. Atlantic Margin. Williams and Manum (1999) give an
age of 17.95 Ma for the LAD of C. cantharellum, which is in
agreement with a calibration to the lower NN 4 Zone.

CHIROPTERIDIUM SPP. ZONE

Definition: The body of strata between the highest/youn-
gest occurrence of Chiropteridium spp. and the highest/
youngest occurrence of Distatodinium biffii (Smelror et
al. in press).

Depth range: 1325-1355 m.

Material: Three ditch cutting samples.

Age: Late Oligocene (lowermost part) to Early Miocene
(partly based on planktonic fossil evidence).
Lithostratigraphic unit: Brygge Formation.

Description: The zone contains a relatively rich and
diverse marine microflora. Characteristic and common
species of this zone are Chiropteridium spp., Deflandrea
phosphoritica, Caligodinium spp., Homotrybilum floripes
and Cordosphaeridium cantharellum (Fig. A13).

DISTATODINIUM BIFFII ZONE

Definition: The body of strata between the highest/
youngest occurrence of Distatodinium biffii and the high-
est/youngest occurrence of Areoligera semicirculata.
Depth range: 1355-1365 m.

Material: One ditch cutting sample.

Age: Late Oligocene.

Lithostratigaphic unit: Brygge Formation.

Description: The zone contains a relatively rich and
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diverse marine microflora. In overall character the dino-
flagellate cyst assemblage in this zone resembles that over
the overlying Chiropteridium spp. Zone, the main dif-
ference being the presence of Distatodinium biffii in the
present zone (Fig. A13).

Remarks: According to Brinkhuis & Biffii (1993) and de
Verteuil & Norris (1996) the last occurrence datum of D.
biffii is found just below the Oligocene/Miocene boundary
in the Mediterranean and on the US Coastal Plain. A con-
current last appearance datum is also well documented in
the Norwegian-Greenland Sea by Smelror et al. (in press.).

AREOLIGERA SEMICIRCULATA ZONE

Definition: The body of strata between the highest/
youngest occurrence of Areoligera semicirculata and the
highest/youngest occurrence of Svalbardella cooksoniae.
Depth range: 1365-1375 m.

Material: One ditch cutting sample.

Age: Early Oligocene.

Lithostratigraphic unit: Brygge Formation.

Description: The zone contains a relatively rich and
diverse marine microflora. Characteristic for this zone
in well 6609/11-1 is the acme of Areoligeras semicirculata,
and the presence of Chiropteridium lobospinosum and
Evittosphaerula paratabulata which are restricted to this
zone in the well (Fig. A13).

Remarks: According to Powell (1992) the last appearance
datum (LAD) of A. semicirculata lies within the lower
NP25 calcareous nannoplankton biozone in Britain and
in the North Sea area. Manum et al. (1989) found that
the LAD of this species (named Glaphyrocysta intricata
in their publication) corresponded to the upper bound-
ary of their Early/Late Oligocene Areosphaeridium? acti-
nocoronatum in ODP Hole 643 in the Norwegian Sea.
The LAD of this species also defines the upper boundary
of the Oli4 Zone of Poulsen et al. (1996) as defined in
ODP Hole 908 on the Hovgaard Ridge between Svalbard
and NE Greenland.

SVALBARDELLA COOKSONIAE ZONE

Definition: The body of strata between the highest/
youngest occurrence of Svalbardella cooksoniae and the
highest/youngest occurrence of Areosphaeridium dictyo-
plokkus.

Depth range: 1375-1385 m.

Material: One ditch cutting sample.

Age: Early Oligocene.

Lithostratigraphic unit: Brygge Formation.

Description: The zone contains a relatively rich and
diverse marine microflora, with Svalbardella cooksoniae,
Deflandrea granulata, Samlandia chalmydophora and
Cordosphaeridium gracile being characteristic species
(Fig. A13).

Remarks: Manum et al. (1989) found that Svalbardella cook-
soniae was restricted to their Early Oligocene Chiropteridium
lobospinosum Zone in ODP Hole 643 in the Norwegian Sea.

AREOSPHAERIDIUM DICTYOPLOKKUS ZONE
Definition: The body of strata between the highest/
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youngest occurrence of Areosphaeridium dictyoplokkus
and the highest/youngest occurrence of Heteraulacacysta
porosa (Bujak & Mudge 1994).

Depth range: 1385-1410 m.

Material: Three ditch cutting sample.

Age: Late Eocene.

Lithostratigraphic unit: Brygge Formation.

Description: The zone contains a rich and diverse marine
microflora. Species having their youngest occurrence
in this zone are Areosphaeridium dictyoplokkus, Areos-
phaeridium michoudii and Cordosphaeridium funicula-
tum. Other characteristic species found in the zone are
Cereborycta bartonensis, Homotrybilum tenuispinosum,
Enneadocysta pectiniformis, Dracodinium condylos and
Thalassiphora delicate (Fig. A13).

Remarks: The last occurrence datum of Areosphaeridium
dictyoplokkus appears to be a well documented marker
of the uppermost Eocene in the North Sea area (Powell
1992, Bujak & Mudge 1994) and the Norwegian-Green-
land Sea (Firth, 1996, Mangerud & Charnock, 1999).

DIPHYES COLLIGERUM ZONE

Definition: The body of strata between the highest/
youngest occurrence of Diphyes colligerum and the high-
est/youngest occurrence of abundant Systematophora
placacantha (Bujak & Mudge, 1994).

Depth range: 1410 m.

Material: One ditch cutting sample.

Age: Middle Eocene.

Lithostratigraphic unit: Brygge Formation.

Description: The zone contains a rich and diverse marine
microflora, which includes Areosphaeridium dictyoplok-
kus, Areosphaeridium michoudii, Cereborycta bartonensis,
Charlesdownie coleothrypta, Homotrybilum tenuispino-
sum, Enneadocysta pectiniformis, Thalassiphora delicata
and Phthanoperidinium distictum (Fig. A13).

Remarks: The presence of Phthanoperidinium distictum sug-
gest a correlation to Subzone E6b of Bujak & Mudge (1994)
dated as Late Lutetian. The present dinoflagellate cyst data
suggest that there is a minor hiatus between the Diphyes col-
ligerum Zone and the overlying Areosphaeridium dictyoplokkus
Zone and that Bartonian strata (correlatable to the H. porosa
Zone of Bujak & Mudge (1984)) equivalent are missing.

Strontium isotope stratigraphy

One interval from well 6609/11-1 was analysed for strontium
isotopes. 34 tests of U. venusta saxonica were picked from the
sample at 1260 m. The sample gave a corrected ¥Sr/**Sr-ratio
of 0.708968. On the seawater Sr isotope curve of Howarth &
McArthur (1997) this ¥Sr/*Sr-ratio corresponds to an age of
approximately 6.3 Ma (Table 1, Fig. A12).

Lithology
Upper Pliocene (Naust Formation)

The ditch cutting samples from the Upper Pliocene unit
contain a clay-rich diamicton which is also rich in sand,
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silt and pebbles of mainly crystalline rocks. The pebbles
are interpreted as ice-rafted and indicate that the sedi-
ments were deposited after the marked increase in the
supply of ice-rafted detritus to the Norwegian Sea, which
started at about 2.78 Ma (Fronval & Jansen 1996).

Upper Miocene and Upper Miocene to Lower Pliocene
(Kai Formation)

The ditch cutting samples from this unit contain mostly
fine-grained material. Clay dominates the samples, but the
content of sand and silt is also considerable. Some pebbles
of crystalline rock are also recorded. The sand is mainly
glauconitic, but some quartzose sand is also recorded. Most
of the quartzose sand and the pebbles are probably caved.

Lower Oligocene and Lower Miocene (Brygge Formation)

This unit is dominated by clay. Some silt and sand
(mainly glauconitic) are also recorded. Some of the sand
may be caved from the immediately overlying unit.

Stratigraphy and lithology of well
6508/5-1 on the Nordland Ridge

Well location, material and methods

Well 6508/5-1 (65°42°51.23”N, 08°28°35.44”E, Fig. A14)
was drilled on the Nordland Ridge and sampled the Kai
Formation. A number of 29 ditch cutting samples were
analysed for foraminifera, Bolboforma and radiolarias.
The same amount of material and the same kind of fos-
sil preparation methods was used for well 6508/5-1 as for
wells 6609/11-1, 6407/9-1, 6407/9-2 and 6407/9-5.

Micropalaeontological assemblages

The sections from the Upper Miocene to Late Pliocene
contain moderately rich to rich benthic faunas of mainly
calcareous foraminifera. Quite sparse planktonic forami-
niferal faunas are recorded in the upper part of the Upper
Miocene to Upper Pliocene sections. The lower part of the
Upper Miocene contains a rich planktonic assemblage of
Bolboforma, radiolaria, pyritized diatoms and planktonic
foraminifera. The Lower-Middle Eocene section is cha-
racterized by a very large population of radiolaria and a
sparse population of agglutinated foraminifera.

Benthic foraminiferal assemblages

CIBICIDES GROSSUS ASSEMBLAGE

Definition: The top of the assemblage extends to the upper-
most investigated sample (1120 m). The base is marked by
the highest/youngest occurrence of E. pygmeus.

Depth range: 1120-1170 m.

Material: Five ditch cutting samples.
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Age: Late Pliocene.

Lithostratigraphic unit: Naust Formation.

Correlation: Zone NSB 15 of King (1989), Cibicides grossa
zone of Stratlab (1988) and Zone NSR 12 B of Gradstein
& Bickstrom (1996).

Description: This unit contains a moderately rich benthic
fauna of calcareous foraminifera. C. teretis is common
throughout. Other important species include C. gros-
sus, N. affine, E. groenlandicum, B. marginata, A. fluens,
B. tenerrima and E. excavatum. E. hannai is recorded in
some samples (Fig. A14).

Remarks: The occurrence of C. grossus and E. hannai
shows that this unit is of Late Pliocene age (Doppert
1980, King 1989).

EPONIDES PYGMEUS ASSEMBLAGE

Definition: The top of the assemblage is taken at the
highest/youngest occurrence of E. pygmeus. The base is
marked by the highest/youngest occurrence of C. telegdi.
Depth range: 1170-1210 m.

Material: Four ditch cutting samples.

Age: Early Miocene to Late Miocene.

Lithostratigraphic unit: Kai Formation.

Correlation: Probably Cibicides telegdi — Eponides pygmeus
— Neogloboquadrina atlantica (dextral) zone of Eidvin et
al. (1998) and probably lower part of Melonis — Trifarina
zone of Stratlab (1988).

Description: This unit contains a rich benthic fauna of cal-
careous foraminifera. N. affine and C. teretis occur most
frequently. Other important taxa include E. pygmeus, A.
fluens, B. tennerima and Epistominella sp. (Fig. A14).
Remarks: This assemblage is correlated with the E. pyg-
meus assemblage in wells 6407/9-5, 6407/9-1 and 6507/12-
1, the E. pygmeus — S. bulloides assemblage in well 6407/9-
1 and the E. pygmeus — G. subglobosa assemblage in well
6609/11-1 and is of Late Miocene to Early Pliocene age.

EPONIDES PYGMEUS — CIBICIDES TELEGDI ASSEM-
BLAGE

Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of C. telegdi. The base is marked
by the highest/youngest occurrence of U. venusta saxonica.
Depth range: 1210-1230 m.

Material: Two ditch cutting samples.

Age: Late Miocene to Early Pliocene.

Lithostratigraphic unit: Kai Formation.

Correlation: Probably Cibicides telegdi — Eponides pygmeus
— Neogloboquadrina atlantica (dextral) zone of Fidvin et
al. (1998) and probably lower part of Melonis — Trifarina
zone of Stratlab (1988).

Description: This unit contains a rich benthic fauna of
calcareous foraminifera. N. affine and C. feretis are both
common. Other characteristic forms include E. pygmeus,
A. fluens and B. tenerrima (Fig. A14).

Remarks: This assemblage is correlated with the E. pyg-
meus assemblage in well 6407/9-5,6407/9-1 and 6507/12-
1, the E. pygmeus — S. bulloides assemblage in well 6407/9-
1 and the E. pygmeus — G. subglobosa assemblage in well
6609/11-1 and is of Late Miocene to Early Pliocene age.
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UVIGERINA VENUSTA SAXONICA ASSEMBLAGE
Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of U. venusta saxonica. The base is
marked by the highest/youngest occurrence of M. communis.
Depth range: 1230-1300 m.

Material: Seven ditch cutting samples.

Age: Late Miocene (partly based on Sr. analyses).
Lithostratigraphic unit: Kai Formation.

Correlation: Subzone NSB 13b of King (1989).
Description: Also this unit contains a rich benthic fauna of cal-
careous foraminifera. U. venusta saxonica and N. affine occur
most frequently. Other characteristic forms include C. teretis,
P, bulloides, C. dutemplei and G. subglobosa (Fig. A14).
Remarks: According to King (1989) U. venusta saxonica
is known from Upper Miocene to Lower Pliocene sedi-
ments in the North Sea. Sr. analyses of tests of U. venusta
saxonica from 1260 m gave ages of approximately 6.0
and 6.4 Ma (Late Miocene) and consequently rule out an
Early Pliocene age.

MARTINOTTIELLA COMMUNIS ASSEMBLAGE
Definition: The top of the assemblage is taken at the highest/
youngest occurrence of M. communis. The base is marked
by the highest/youngest occurrence of S. spectabilis.

Depth range: 1300-1360 m

Material: Six ditch cutting samples.

Age: Late Miocene.

Lithostratigraphic unit: Kai Formation.

Correlation: Probably Zone FC of Doppert (1980).
Description: This assemblage contains a moderately rich
benthic fauna of mainly calcareous foraminifera. There
are fewer specimens in this unit than in the overlying
units. No specimens are common, but characteristic taxa
include N. affine, C. teretis, E. pygmeus, P. bulloides, U.
venusta saxonica (upper part), G. subglobosa, M. commu-
nis (agglutinated) and E. umbonatus (Fig. A14).

Remarks: M. communis is known from the Middle Mio-
cene to Lower Pliocene of the Netherlands (Doppert
1980) and from the Miocene on the Norwegian conti-
nental shelf (Skarbe & Verdenius 1986).

SPIROPLECTAMMINA SPECTABILIS ASSEMBLAGE
Definition: The top of the assemblage is taken at the highest/
youngest occurrence of S. spectabilis. The base is undefined.
Depth range: 1360-1400 m.

Material: Five ditch cutting samples.

Age: Lower to Middle Eocene.

Lithostratigraphic unit: Brygge Formation.

Correlation: Zone NSA 5 of King (1989), Spiroplectammina
spectabilis zone of Stratlab (1988) and probably Zone NSR
5A or NSR 5B of Gradstein & Bickstrom (1996).
Description: This unit contains a sparse fauna of agglutinated fora-
minifera. S. spectabilis occurs most frequently. Bathysiphon sp.
and Karreriella sp. are also recorded in some samples (Fig. A14).
Remarks: According to King (1989) S. spectabilis is known
from the Lower to Middle Eocene in the North Sea area.
According to Gradstein & Bickstrom (1996) this species
is described from upper Palaeocene to Middle Eocene
deposits in the North Sea and the Haltenbanken areas.
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Planktonic fossil assemblages

NEOGLOBOQUADRINA PACHYDERMA (SINISTRAL)
ASSEMBLAGE

Definition: The top of the assemblage extends to the upper-
most investigated sample (1120 m). The base is marked by
the highest/youngest occurrence of G. bulloides.

Depth range: 1120-1130 m.

Material: One ditch cutting sample.

Age: Late Pliocene (partly based on benthic foraminiferal
evidence).

Lithostratigraphic unit: Naust Formation.

Correlation: N. pachyderma (sinistral) Zone of Spiegler &
Jansen (1989).

Description: Just a few specimens of unencrusted forms
of N. pachyderma (sinistral) are recorded in the sole sam-
ple which constitutes this unit (Fig. A14).

Remarks: The unencrusted form of N. pachyderma
(sinistral) is known from Late Pliocene and Pleistocene
sediments in the Norwegian Sea. Pleistocene deposits
(younger than approximately 1.8 Ma) are totally domi-
nated by the encrusted form of N. pachyderma (sinistral).

GLOBIGERINA BULLOIDES ASSEMBLAGE

Definition: The top of the assemblage is taken at the highest/
youngest occurrence of G. bulloides. The base is marked by
the highest/youngest occurrence of N. atlantica (sinistral).
Depth range: 1130-1210 m.

Material: Eight ditch cutting samples.

Age: Late Miocene-Early Pliocene to Late Pliocene.
Lithostratigraphic units: Kai and Naust formations.
Correlation: Globigerina bulloides Zone of Weaver &
Clement (1986).

Description: The assemblage is characterized by a sparse fauna
of planktonic foraminifera. Characteristic species include
G.bulloides, N. pachyderma (sinistral, unencrusted), T. quin-
queloba and N. pachyderma (dextral). N. aflantica (dextral)
and G. inflate are also recorded in a few samples (Fig. A14).
Remarks: G. bulloides Zone is described from the North
Atlantic (DSDP Leg 94) in Miocene to Pliocene sediments
as young as 2.2 Ma (Weaver & Clement 1986). On the
Voring Plateau G. bulloides is common in Miocene to Plio-
cene deposits older than 2.4 Ma (Spiegler & Jansen 1989).

NEOGLOBOQUADRINA ATLANTICA (SINISTRAL)
Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of N. atlantica (sinistral). The base
is marked by the highest/youngest occurrence of B. laevis.
Depth range: 1210-1260 m.

Material: Five ditch cutting samples.

Age: Late Miocene to Late Miocene-Early Pliocene.
Lithostratigraphic unit: Kai Formation.

Correlation: N. atlantica (sinistral) Zone of Weaver &
Clement (1986) and Spiegler & Jansen (1989).

Description: Planktonic foraminifera are also sparse in this unit.
Characteristic taxa include N. atlantica (sinistral), G. bulloides and
T. quinqueloba. N. pachyderma (dextral), N. atlantica (dextral)
and G. glutinata are also recorded in a few samples (Fig. A14).
Remarks: N. atlantica (sinistral) is known from the North
Atlantic and the Voring Plateau in Late Miocene to Late
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Pliocene sediments (Weaver & Clement 1986, Spiegler &
Jansen 1989). A few reworked specimens of B. laevis are
recorded in the lowermost sample.

BOLBOFORMA METZMACHERI ASSEMBLAGE
Definition: The top of the assemblage is taken at the
highest/youngest occurrence of B. metzmacheri. The base
is marked by the highest/youngest occurrence of B. sub-
fragori and B. fragori.

Depth range: 1260-1300 m.

Material: Four ditch cutting samples.

Age: Late Miocene.

Lithostratigraphic unit: Kai Formation.

Correlation: Bolboforma metzmacheri Zone of Spiegler &
Miiller (1992) and Miiller & Spiegler (1993), Bolboforma metz-
macheri zone of Stratlab (1988), Zone NSR 10 of Gradstein &
Bickstrom (1996) and Subzone NSP 14b of King (1983).
Description: This unit contains a rich planktonic fossil assem-
blage of Bolboforma, foraminifera, radiolaria and pyritized
diatoms. Radiolaria and pyritized diatoms are dominant, with
subordinate Bolboforma and planktonic foraminifera. B. laevis
and B. metzmacheri are the most common Bolboforma species.
B. dodiusi is also recorded. N. atlantica (dextral) is the most
common foraminifera. Other characteristic taxa include G.
bulloides, N. atlantica (sinistral) and N. acostaensis (Fig. A14).
Remarks: B. metzmacheri is described from sediments with
an age of approximately 10.0-8.7 My on the Vering Pla-
teau (Spiegler & Miiller 1992 and Miiller & Spiegler 1993).

BOLBOFORMA  SUBFRAGORI-
FRAGORI ASSEMBLAGE
Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of B. subfragori and B. fragori.
The base is marked by the highest/youngest occurrence
of the radiolaria genus Cenosphaera sp.

Depth range: 1300-1360 m.

Material: Six ditch cutting samples.

Age: Late Miocene.

Lithostratigraphic unit: Kai Formation.

Correlation: Bolboforma fragori/B. subfragori Zone of Spiegler &
Miiller (1992) and Miiller & Spiegler (1993), Subzone NSP 14a
of King (1983) and Bolboforma spiralis zone of Stratlab (1988).
Description: This unit is characterized by a rich planktonic
fossil assemblage of radiolaria, pyritized diatoms, Bolbo-
forma and foraminifera. Radiolaria and pyritized diatoms
are dominant, with subordinate Bolboforma and plank-
tonic foraminifera. B. subfragori is the most common Bol-
boforma species. Other important forms include B. fragori
and B. laevis. B. clodiusi and B. pseudohystrix are also
recorded. Characteristic planktonic foraminifera include
G. bulloides, N. atlantica (sinistral), N. atlantica (dextral),
G. glutinata and N. acostaensis (upper part, Fig. A14).
Remarks: A B. fragori/B. subfragori Zone is known from
deposits with an age of approximately 11.7-10.3 My from
the North Atlantic and the Voring Plateau (Spiegler &
Miiller 1992 and Miiller & Spiegler 1993).

BOLBOFORMA

CENOSPHAERA SP. ASSEMBLAGE
Definition: The top of the assemblage is taken at the high-

The Molo Formation 129

est/youngest occurrence of radiolarian of genus Cenos-
phaera sp. The base of the assemblage is undefined.
Depth range: 1360-1400 m.

Material: Five ditch cutting samples.

Age: Lower to Middle Eocene.

Lithostratigraphic unit: Brygge Formation.

Correlation: Zone NSP 6 of King (1989).

Description: The greater proportion of the planktonic fos-
sils in this interval is radiolarian including abundant spec-
imens of the genus Cenosphaera. A few pyritized diatoms
are recorded in the upper part of the unit (Fig. A14).
Remarks: A Cenosphaera sp. acme is known from the
Lower to Middle Eocene of the North Sea (King 1989).

Strontium isotope stratigraphy

Two samples from one interval in well 6508/5-1 were ana-
lysed for strontium isotopes. Tests of U. venusta saxonica
were picked from the interval 1260 m and the samples
gave corrected ¥Sr/*Sr-ratos of 0.708991 and 0.708965
corresponding to ages of approximately 6.0 and 6.4 Ma
respectively on the seawater Sr isotope curve of Howarth
& McArthur (1997, Table 1, Fig. A14).

Lithology
Upper Pliocene (Naust Formation)

The samples from the Upper Pliocene unit contain a
clay-rich diamicton with sand, silt and ice-rafted pebbles
of mainly crystalline rocks.

Upper Miocene to Lower Pliocene (Kai Formation)

The ditch cutting samples from this interval are mostly
fine-grained. Clay dominates in the samples, but the con-
tent of silt, sand (mainly quartzose) and pebbles of crystal-
line rocks is also considerable. The pebbles and most of the
sand are probably caved from the Upper Pliocene section.

Upper Miocene (Kai Formation)

The Upper Miocene samples are also mostly fine grained.
However, the upper and lower parts are rich in glauconitic
sand. Some quartzose sand and pebbles of crystalline rocks
are recorded in most samples, but these are probably caved.

Lower to Middle Eocene (Brygge Formation)

The samples in the Lower to Middle Eocene unit are
dominated by clay. Some silt and sand (mostly glauco-
nitic) are also recorded. A few caved pebbles of crystal-
line rock are recorded in some samples.

Stratigraphy and litholo of well
6609%5-% c);n the Nordlandg gidge

Well location, material and methods
Well 6609/5-1 (66°37°42.73”N, 09°24°52.17”E, Fig. 1) was
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drilled on the Nordland Ridge and in to the Kai Forma-
tion. A number of 37 ditch cutting samples were analysed
for foraminifera, Bolboforma and radiolaria. The same
amount of material and the same kind of fossils prepa-
ration methods were used for well 6609/5-1 as for wells
6508/5-1,6609/11-1, 6407/9-1, 6407/9-2 and 6407/9-5.

Micropalaeontological assemblages

The Upper Pliocene unit contains a moderately rich
benthic fauna of mainly calcareous foraminifera and a
sparse planktonic fossil assemblage. The Upper Miocene
— Lower Pliocene unit contains sparse benthic and plank-
tonc assemblages. The Upper Miocene unit contains
moderately rich benthic and planktonic faunas, except
in the lowermost part with few benthic foraminifera and
hardly any planktonic foraminifera or Bolboforma. The
Lower — Middle Eocene unit contains a sparse fauna of
agglutinated foraminifera and a rich planktonic assem-
blage of mainly radiolaria. The interval dated to Early
Eocene contains a sparse benthic assemblage of both
agglutinated and calcareous foraminifera and a rich
planktonic assemblage of radiolaria and diatoms.

Benthic foraminiferal assemblages

CIBICIDES GROSSUS ASSEMBLAGE

Definition: The top of the assemblage extends to the
uppermost investigated sample (1500 m). The base is
marked by the lowest/oldest consistent occurrence of C.
grossus.

Depth range: 1500-1560 m.

Material: Seven ditch cutting samples.

Age: Late Pliocene.

Lithostratigraphic unit: Naust Formation.

Correlation: Zone NSB 15 of King (1989), Cibicides grossa
zone of Stratlab (1988) and Zone NSR 12 B of Gradstein
& Bickstrom (1996).

Description: This interval contains a moderately rich ben-
thic fauna of mainly calcareous foraminifera. C. grossus is
common. Other important species include E. groenlandi-
cum, E. albiumbilicatum, B. tenrerrima, E. excavatum, C.
teretis and C. scaldiensis (Fig. A15).

Remarks: The occurrence of C. grossus and E. hannai
shows that this unit is of Late Pliocene age (Doppert
1980; King 1989).

UNDEFINED INTERVAL

Depth range: 1560-1580 m.

Material: One ditch cutting.

Age: Late Miocene to Early Pliocene (partly based on log
correlation).

Lithostratigraphic unit: Kai Formation.

Description: The sole sample which constitutes this inter-
val contains a sparse benthic fauna of calcareous fora-
minifera including E. groenlandicum, N. affine, E. albi-
umbilicatum, E. excavatum, C. teretis, C. scaldisiensis and
C. dutemplei (Fig. A15).

Remarks: Most of the recorded specimens are known
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from almost the entire Neogene. The exception is C.
dutemplei which is known from the Upper Oligocene to
the Lower Pliocene in the Netherlands (Doppert, 1980)
and from the Upper Oligocene to the Upper Miocene
on the Norwegian continental shelf (Skarbe & Verde-
nius 1986). However, this species is also recorded in the
lowermost part of the overlying unit where it is prob-
ably reworked. Reworking may also be the reason for the
occurrence in this unit.

GLOBOCASSIDULINA SUBGLOBOSA ASSEMBLAGE
Definition: The top of the assemblage is taken at the
highest/youngest occurrence of G. subglobosa. The base is
marked by the highest/youngest occurrence of U. venusta
saxonica.

Depth range: 1580-1600 m.

Material: Two ditch cutting samples.

Age: Late Miocene to Late Miocene-Early Pliocene.
Lithostratigraphic unit: Kai Formation.

Correlation: Probably Subzone NSB 13b and Subzone 14a
of King (1989) and probably G. subglobosa — Ehrenber-
gina variabilis zone of Stratlab (1988).

Desription: The unit contains a sparse benthic fauna of
calcareous foraminifera. No species is common, but char-
acteristic taxa include G. subglobosa, N. affine, E. albi-
umbilicatun, P. bulloides (lower part), S. bulloides (lower
part) and C. telegdi (lower part, Fig. A15).

Remarks: G. subglobosa is recorded from the Oligocene
to the Lower Pliocene in the North Sea (Eidvin & Rund-
berg 2001; Eidvin & Rundberg in press). S. bulloides is
described from Upper Oligocene to Upper Miocene
deposits in the Netherlands (Doppert 1980).

UVIGERINA VENUSTA SAXONICA ASSEMBLAGE
Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of U. venusta saxonica. The base is
marked by the highest/youngest occurrence of M. communis.
Depth range: 1600-1680 m.

Material: Eight ditch cutting samples.

Age: Late Miocene (partly based on Sr. analyses and
Bolboforma evidence).

Lithostratigraphic unit: Kai Formation.

Correlation: Subzone NSB 13b of King (1989).
Description: This assemblage contains a moderately rich
benthic fauna of mainly calcareous foraminifera. Taxa
are significantly more numerous in this interval than in
the immediately overlying unit. U. venusta saxonica, G.
subglobosa and N. affine occur most frequently. Other
important species include C. teretis, C. dutemplei, P. bul-
loides, E. pygmeus and C. telegdi (Fig. A15).

Remarks: According to King (1989) U. venusta saxonica is
known from Upper Miocene to Lower Pliocene sediments
in the North Sea area. Sr. analyses of tests of U. venusta
saxonica from 1650-1660 m give an age of approximately
9.6 Ma (Late Miocene).

MARTINOTTIELLA COMMUNIS ASSEMBLAGE
Definition: The top of the assemblage is taken at the highest/
youngest occurrence of M. communis. The base is marked
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by the highest/youngest occurrence of B. eocenicus.

Depth range: 1680-1740 m.

Material: Six ditch cutting samples.

Age: Late Miocene.

Lithostratigraphic unit: Kai Formation.

Correlation: Probably Zone FC of Doppert (1980).
Description: There are considerably fewer taxa in this
unit than in the immediately overlying interval. The
unit contains a sparse benthic fauna of mainly calcare-
ous foraminifera and the lower part of the unit is nearly
barren of benthic foraminifera. Characteristic species
in the upper part include M. communis (agglutinated),
C. dutemplei, C. teretis, G. subglobosa, E. umbonatus and
Karreriella sp. (lower part, agglutinated, Fig. A15).
Remarks: M. communis is known from the Middle Miocene
to Lower Pliocene of the Netherlands (Doppert 1980).

BATHYSIPHON EOCENICUS ASSEMBLAGE
Definition: The top of the assemblage is taken at the
highest/youngest occurrence of B. eocenicus. The base is
marked by the highest/youngest occurrence of Cibicidoi-
des eocaenus.

Depth range: 1740-1800 m.

Material: Six ditch cutting samples.

Age: Lower to Middle Eocene (partly based on planktonic
fossil evidence).

Lithostratigraphic unit: Brygge Formation.

Correlation: Zone NSB 4 and Zone NSA 4 of King (1989).
Description: This interval contains a very sparse benthic
fauna of agglutinated foraminifera. B. eocenicus has a
consistent occurrence throughout the assemblage. Bathy-
siphon sp. is also recorded in some samples (Fig. A15).
Remarks: According to King (1989) B. eocenicus is known
from the uppermost Lower Eocene to the Lower Miocene
in the North Sea area.

CIBICIDOIDES EOCENICUS ASSEMBLAGE
Definition: The top of the assemblage is taken at the
highest/youngest occurrence of C. eocenicus. The base is
marked by the highest/youngest occurrence of Turrilina
brevispira.

Depth range: 1800-1810 m.

Material: One ditch cutting sample.

Age: Lower Eocene (partly based on planktonic fossil evidence).
Lithostratigraphic unit: Brygge Formation.

Correlation: Zone NSB 3 of King (1989).

Description: The sole sample which constitutes this inter-
val contains a very sparse benthic fauna of calcareous and
agglutinated foraminifera. C. eocenicus is common. Other
recorded taxa include Lenticulina spp. (Fig. A15).
Remarks: According to King (1989) C. eocenicus is known
from Lower to Upper Eocene sediments in the North Sea.

TURRILINA BREVISPIRA ASSEMBLAGE

Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of T. brevispira. The base of the
assemblage is undefined.

Depth range: 1810-1860 m.

Material: Five ditch cutting samples.
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Age: Lower Eocene (partly based on planktonic fossil evidence).
Lithostratigraphic unit: Brygge Formation.

Correlation: Zone NSB 3 of King (1989).

Description: Also this unit contains a very sparse ben-
thic fauna of calcareous and agglutinated foraminifera.
Recorded taxa include T. brevispira, Ammodiscus sp.
(agglutinated), Pullenia sp. and Elphidium sp. (Fig. A15).
Remarks: According to King (1989) T. brevispira is known
from the Lower Eocene to lowermost Middle Eocene in
the North Sea area.

Planktonic fossil assemblages

UNDEFINED INTERVAL

Depth range: 1500-1590 m.

Material: Nine ditch cutting samples.

Age: Late Miocene-Lower Pliocene to Late Pliocene
(based on benthic foraminiferal evidence).
Lithostratigraphic unit: Kai and Naust Formation.
Description: Planktonic foraminifera are very sparse
in this interval. Just a few specimens of G. bulloides, N.
pachyderma (dextral) and N. pachyderma (sinistral) are
recorded in some samples (Fig. A15).

BOLBOFORMA METZMACHERI ASSEMBLAGE
Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of B. metzmacheri. The base is
marked by the highest/youngest occurrence of B. laevis.
Depth range: 1590-1630 m.

Material: Four ditch cutting samples.

Age: Late Miocene.

Lithostratigraphic unit: Kai Formation.

Correlation: Bolboforma metzmacheri Zone of Spiegler &
Miiller (1992) and Miiller & Spiegler (1993), Bolboforma metz-
macheri zone of Stratlab (1988), Zone NSR 10 of Gradstein &
Bickstrom (1996) and Subzone NSP 14b of King (1983).
Description: The unit contains a moderately rich plank-
tonic fossil assemblage of Bolboforma, foraminifera, radio-
laria and pyritized diatoms. B. metzmacheri is the only
recorded Bolboforma. N. atlantica (dextral) is the most fre-
quently oecurring of the foraminifera. Other species include
G. bulloides, G. glutinata, N. pachyderma (dextral, upper
part) and N. atlantica (sinistral, upper part, Fig. A15).
Remarks: B. metzmacheri is described from deposits with
an age of approximately 10.0-8.7 My on the Vering Pla-
teau (Spiegler & Miiller 1992 and Miiller & Spiegler 1993).

BOLBOFORMA LAEVIS ASSEMBLAGE

Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of B. laevis. The base is marked
by the highest/youngest occurrence of B. subfragori and
B. fragori.

Depth range: 1630-1670 m.

Material: Four ditch cutting samples.

Age: Late Miocene.

Lithostratigraphic unit: Kai Formation.

Correlation: Bolboforma laevis/Bolboforma capsula Zone
of Spiegler & Miiller (1992) and Bolboforma laevis Zone
of Miiller & Spiegler (1993).
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Description: The interval contains a moderately rich
planktonic fossil assemblage of planktonic foraminifera,
Bolboforma, radiolaria and pyritized diatoms. B. laevis is
recorded throughout the unit. B. metzmacheri is recorded
in the uppermost sample. N. atlantica (dextral) is com-
mon. Other characteristic foraminifera include G. bulloi-
des, G. glutinata and N. atlantica (sinistral, Fig. A15).
Remarks: Spiegler & Miiller (1992) and Miiller & Spiegler
(1993) have recorded a B. laevis/B. capsula Zone from the
North Atlantic and a B. laevis Zone from the Vering Pla-
teau. These zones are described from deposits with an
age of approximately 10.3-10.0 My.

BOLBOFORMA SUBFRAGORI — BOLBOFORMA FRAGORI
ASSEMBLAGE

Definition: The top and base of the assemblage are taken
at the highest/youngest and lowest/oldest occurrence of
B. subfragori and B. fragori.

Depth range: 1670-1700 m.

Material: Four ditch cutting samples.

Age: Late Miocene.

Lithostratigraphic unit: Kai Formation.

Correlation: Bolboforma fragori/B. subfragori Zone of
Spiegler & Miiller (1992) and Miiller & Spiegler (1993),
Subzone NSP 14a of King (1983) and Bolboforma spiralis
zone of Stratlab (1988).

Description: The unit contains a moderately rich plank-
tonic fossil assemblage of foraminifera, Bolboforma, radio-
laria and pyritized diatoms. B. sufragori, B. fragori and B.
laevis occur frequently. B. pseudohystrix and B. clodiusi
are also recorded in a few samples. Planktonic foramini-
fera include G. bulloides, N. atlantica (dextral), N. atlan-
tica (sinistral) and G. glutinata (upper part, Fig. A15).
Remarks: A B. fragori/B. subfragori Zone is known from
deposits with an age of approximately 11.7-10.3 My from
the North Atlantic and the Vgring Plateau (Spiegler &
Miiller 1992 and Miiller & Spiegler 1993).

UNDEFINED INTERVAL

Depth range: 1700-1740 m.

Material: Four ditch cutting samples.

Age: Late Miocene (based on benthic fossil evidence).
Lithostratigraphic unit: Kai Formation.

Description: The unit contains no planktonic foraminifera or
Bolboforma. Just some indefinite radiolaria and pyritized dia-
toms are recorded in some of the samples (Fig. A15).

CENOSPHAERA SP. ASSEMBLAGE

Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of Cenosphaera sp. The base is
marked by the highest/youngest consistent occurrence of
Subbotina gr. liniperta.

Depth range: 1740-1800 m.

Material: Six ditch cutting samples.

Age: Lower to Middle Eocene.

Lithostratigraphic unit: Brygge Formation.

Correlation: Zone NSP 6 of King (1989) and Caenos-
phaera spp. Zone of Stratlab (1988).

Description: This interval contains a rich planktonic fossil
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assemblage of mainly radiolaria including abundant Ceno-
spharea sp. Pyritized diatoms are recorded in some samples
and one, probably reworked specimen of the planktonic fora-
minifera Subbotina gr. linaperta is also recorded (Fig. A15).
Remarks: A Cenosphaera sp. acme is known from the
Lower to Middle Eocene in the North Sea (King 1989).

SUBBOTINA GR. LINAPERTA ASSEMBLAGE
Definition: The top of the assemblage is taken at the
highest/youngest consistent occurrence of Subbotina gr.
linaperta. The base is marked by the highest/youngest
occurrence of Coscinodiscus sp. 1 (King, 1993).

Depth range: 1800-1820 m.

Material: Two ditch cutting samples.

Age: Lower Eocene.

Lithostratigraphic unit: Brygge Formation.

Correlation: Zone NSP 5 of King (1989), Globigerina lina-
perta zone of Stratlab (1988) and Zone NSR 4 of Grad-
stein & Bickstrom (1996).

Description: The unit contains a rich planktonic fossil assem-
blage of radiolaria, mainly Cenospharea sp. and planktonic
foraminifera of the species Subbotina gr. linaperta. Pyritized
diatoms are also recorded in some samples (Fig. A15).
Remarks: Subbotina gr. linaperta is known from Lower
Eocene sediments in the North Sea area (King, 1989).

COSCINODISCUS SP. 1 ASSEMBLAGE

Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of Coscinodiscus sp. 1. The base
of the assemblage is undefined.

Depth range: 1820-1860 m.

Material: Five ditch cutting samples.

Age: Lower Eocene (partly based on benthic foramini-
feral evidence).

Lithostratigraphic unit: Brygge Formation.

Correlation: Zone NSP 4 of King (1989), Zone NSR 3 of
Gradstein & Backstrom (1996) and Coscinodiscus sp. 1
zone of Stratlab (1988).

Description: The greater proportion of the planktonic fos-
sils from this interval is radiolarian, mainly Cenosphaera
sp. Diatoms are also recorded in most samples including
Coscinodiscus sp. 1 and Triceratium sp. (Fig. A15).
Remarks: King (1989) employs Coscinodiscus sp. 1 as the
nominate taxon for the Upper Paleocene — Lower Eocene
Zone NSP 4 of the North Sea.

Strontium isotope stratigraphy

One sample from well 6609/5-1 was analysed for stron-
tium isotopes. Tests of U. venusta saxonica were picked
from the interval 1650-1660 m and the sample gave a
corrected ¥Sr/*Sr-ratos of 0.708900 corresponding to an
age of approximately 9.6 Ma on the seawater Sr isotope
curve of Howarth & McArthur (1997, Table 1, Fig. A15).

Lithology
Upper Pliocene (Naust Formation)
The ditch cutting samples from the Upper Pliocene inter-
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val contain a clay-rich diamicton which is also rich in sand,
silt and ice-rafted pebbles of mainly crystalline rocks.

Upper Miocene to Lower Pliocene (Kai Formation)

The samples from this unit contain mostly fined-grained
material. Clay dominates in the samples, but the content
of silt sand (quartzose and glauconitic) and pebbles of
crystalline rocks is also considerable. Most of the quart-
zose sand and all the pebbles are probably caved.

Lower Eocene to Lower-Middle Eocene (Brygge Formation)

The samples from the Lower Eocene to Lower-Middle Eocene
interval are dominated by clay. Some silt is also recorded.

Stratigraphy and litholo of well
6507%1 -]yon the TrgndelaggbetForm.

Well location, material and methods

Well 6507/12-1 (65°07°01.62”N, 07°42’42.61”E, Fig.1)
was drilled on the Trgndelag Platform and sampled a
nearly complete section of the Kai Formation. A num-
ber of 31 ditch cutting samples were analysed for fora-
minifera, Bolboforma and diatoms. The same amount
of material and the same kind of fossil preparation met-
hods were used for well 6507/12-1 as for wells 6508/5-1,
6609/5-1, 6609/11-1, 6407/9-1, 6407/9-2 and 6407/9-5.

Micropalaeontological assemblages

The sections from the Upper Miocene to Late Pliocene
contain moderately rich to rich benthic faunas of mainly
calcareous foraminifera. Quite sparse planktonic forami-
niferal faunas are recorded in the upper part of the Upper
Miocene to Upper Pliocene sections. The lower part of
the Upper Miocene contains a rich planktonic assem-
blage of Bolboforma, radiolaria and planktonic forami-
nifera. The Middle Miocene unit contains a moderately
rich benthic fauna of mainly calcareous foraminifera and
a rich planktonic assemblage of radiolaria, pyritized dia-
toms, Bolboforma and planktonic foraminifera. The fossil
assemblages in the Oligocene and Lower Miocene sec-
tions are dominated by radiolaria, pyritized diatoms and
sponge spicules. Sparse faunas of benthic calcareous for-
aminifera and some agglutinated and planktonic forms
are also recorded in some sections.

Benthic foraminiferal assemblages

ELPHIDIELLA HANNAI ASSEMBLAGE

Definition: The top of the assemblage extends to the upper-
most investigated sample (1300 m). The base is marked by
the highest/youngest occurrence of E. pygmeus.

Depth range: 1300-1350 m.

Material: Five ditch cutting samples.

Age: Late Pliocene.
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Lithostratigraphic unit: Naust Formation.

Correlation: Zone NSB 15 of King (1989), Cibicides grossa
zone of Stratlab (1988) and Zone NSR 12 B of Gradstein
& Bickstrom (1996).

Description: This assemblage contains a moderately
rich benthic fauna of mainly calcareous foraminifera.
Characteristic taxa include E. excavatum, C. grossus,
E. hannai, E. groenlandicum, N.affine, C. lobatulus, B.
marginata, C. teretis and E. albiumbilicatum (Fig. A16).
Remarks: The occurrence of E. hannai and C. grossus
shows that this unit is of Late Pliocene age (Doppert
1980, King 1989).

EPONIDES PYGMEUS ASSEMBLAGE

Definition: The top of the unit is taken at the highest/
youngest occurrence of E. pygmeus. The base is marked
by the highest/youngest occurrence of C. telegdi.

Depth range: 1350-1370 m.

Material: Two ditch cutting samples.

Age: Late Miocene to Early Pliocene.

Lithostratigraphic unit: Kai Formation.

Correlation: Probably Cibicides telegdi — Eponides pyg-
meus — Neogloboquadrina atlantica (dextral) zone of
Eidvin et al. (1998) and probably the lower part of the
Melonis — Trifarina zone of Stratlab (1988).

Description: This unit contains a rich benthic fauna of
calcareous foraminifera. N. affine and B. marginata are
both common. Other important species include E. pyg-
meus, A. fluens and C. scaldiensis (Fig. A16).

Remarks: This unit is correlated with the E. pygmeus
assemblage in wells 6407/9-5 and 6407/9-1, the E. pyg-
meus — S. bulloides assemblage in well 6407/9-1 and the
E. pygmeus — G. subglobosa assemblage in well 6609/11-1
and is of Late Miocene to Early Pliocene age.

EPONIDES PYGMEUS — CIBICIDES TELEGDI ASSEM-
BLAGE

Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of C. telegdi. The base is marked
by the highest/youngest occurrence of U. venusta saxonica.
Depth range: 1370-1410 m.

Material: Four ditch cutting samples.

Age: Late Miocene to Early Pliocene.

Lithostratigraphic unit: Kai Formation.

Correlation: Probably with the Cibicides telegdi — Eponides
pygmeus — Neogloboquadrina atlantica (dextral) zone of
Eidvin et al. (1998) and probably with the lower part of
Melonis — Trifarina zone of Stratlab (1988).

Description: This assemblage contains a rich benthic
fauna of mainly calcareous foraminifera. N. affine and
C. teretis are both common. Other characteristic taxa
include E. pygmeus, C. telegdi, B. marginata, A. fluens and
S. schlumbergeri (agglutinated). C. dutemplei and G. sublo-
bosa are also recorded in some samples (Fig. A16).
Remarks: This assemblage is correlated with the E. pyg-
meus assemblage in wells 6407/9-5 and 6407/9-1, the E.
pygmeus — S. bulloides assemblage in well 6407/9-1 and the
C. telegdi and E. pygmeus — G. subglobosa assemblages in
well 6609/11-1. The age is Late Miocene to Early Pliocene.
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UVIGERINA VENUSTA SAXONICA ASSEMBLAGE
Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of U. venusta saxonica. The base is
marked by the highest/youngest occurrence of M. communis.
Depth range: 1410-1440 m.

Material: Three ditch cutting samples.

Age: Late Miocene.

Lithostratigraphic unit: Kai Formation.

Correlation: Subzone NSB 13b of King (1989).
Description: This unit contains a rich benthic fauna of
calcareous foraminifera. N. affine and C. teretis occur
most frequently. Other important forms include U.
venusta saxonica, A. fluens, E. pygmeus, C. dutemplei, C.
telegdi, G. subglobosa and P. bulloides (Fig. A16).
Remarks: According to King (1989) U. venusta saxonica is
known from Upper Miocene to Lower Pliocene sediments
in the North Sea. Sr. analyses of tests of U. venusta saxonica
from 1430-1450 m gave an age of 10.0 Ma (Late Miocene)
and consequently this rules out an Early Pliocene age.

MARTINOTTIELLA COMMUNIS ASSEMBLAGE
Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of M. communis. The base is
marked by the highest/youngest occurrence of T. gracilis.
Depth range: 1440-1480 m.

Material: Four ditch cutting samples.

Age: Late Miocene (partly based on planktonic fossil
evidence).

Lithostratigraphic unit: Kai Formation.

Correlation: Probably Zone FC of Doppert (1980).
Description: This assemblage contains a moderately rich
benthic fauna of mainly calcareous foraminifera. N.
affine occurs most frequently. Other characteristic spe-
cies include: M. communis (agglutinated), C. dutemplei,
G. subglobosa, U. venusta saxonica, P. bulloides, S. bulloi-
des and E. variabilis (Fig. A16).

Remarks: M. communis is known from the Middle Mio-
cene to Lower Pliocene of the Netherlands (Doppert
1980) and from the Miocene on the Norwegian con-
tinental shelf (Skarbe & Verdenius 1986). S. bulloides
is described from Upper Oligocene to Upper Miocene
deposits in the Netherlands (Doppert 1980).

TRIFARINA GRACILIS ASSEMBLAGE

Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of T. gracilis. The base is marked
by the highest/youngest occurrence of T. alsatica.

Depth range: 1480-1550 m.

Material: Seven ditch cutting samples.

Age: Early to Middle Miocene (partly based on plank-
tonic fossil evidence).

Lithostratigraphic unit: Brygge Formation and lowermost
part of Kai Formation.

Correlation: Probably Zone NSB 10 and NSB 9 of King
(1989) and probably Zone NSR 8B of Gradstein & Back-
strom (1996).

Description: This unit contains a moderately rich to
sparse benthic fauna of mainly calcareous foraminifera.
There are considerably fewer taxa in this unit than in
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the immediately overlying unit. Important taxa include
T. gracilis, T. gracilis var. A, C. dutemplei and P. bulloi-
des. K. siphonella (agglutinated) and B. elongate are also
recorded (Fig. A16).

Remarks: According to Skarbe & Verdenius (1986) T.
gracilis is known from Lower Oligocene to Lower Mio-
cene deposits, and T. gracilis var. A is known from Upper
Oligocene to Lower Miocene sediments on the Norwe-
gian continental shelf. K. siphonella is recorded from the
Middle Eocene to the Lower Miocene, and B. elongate is
described from the Upper Oligocene to basal Upper Mio-
cene in the North Sea area (King 1989). The co-occur-
rence with the planktonic B. badenensis - B. reticulata
assemblage in the upper part of this assemblage indicates
that T. gracilis var. A and K. siphonella lived into the Mid-
dle Miocene in this area.

TURRILINA ALSATICA ASSEMBLAGE

Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of T. alsatica. The base is taken
at the highest/youngest occurrence of R. bulimoides.
Depth range: 1550-1570 m.

Material: Two ditch cutting samples.

Age: Late Oligocene.

Lithostratigraphic unit: Brygge Formation.

Correlation: NSB 8 of King (1989) and probably Zone
NSR 8A and the upper part of Zone 7B of Gradstein &
Bickstrom (1996).

Description: This assemblage contains a sparse benthic
fauna of mainly calcareous foraminifera. Recorded spe-
cies include T. alsatica, B. elongate and Spirosigmoilinella
sp. (agglutinated, Fig. A16).

Remarks: T. alsatica is known from the Lower Oligocene
to the lowermost Lower Miocene succession in the North
Sea (King, 1989). According to Gradstein & Backstrom
(1996) this form is known from Lower Oligocene to low-
ermost Upper Oligocene deposits in the same area.

ROTALIATINA BULIMOIDES ASSEMBLAGE

Definition: The top of the unit is taken at the highest/
youngest occurrence of R. bulimoides. The base of the
unit is not defined.

Depth range: 1570-1600 m (lowermost investigated sample).
Material: Four ditch cutting samples.

Age: Early Oligocene.

Lithostratigraphic unit: Brygge Formation.

Correlation: Subzone NSB 7b of King (1989), Rotaliatina
bulimoides zone of Stratlab (1988) and probably Zone
NSR 7A and the lower part of Zone NSR 7B of Gradstein
& Bickstrom (1996).

Description: This unit contains a sparse benthic fauna of
mainly calcareous foraminifera. C. fenellus occurs most
frequently. Other recorded taxa include R. bulimoides, B.
elongate, G. soldanii girardana (Fig. A16).

Remarks: R. bulimoides is described from the Lower Oli-
gocene to lowermost Upper Oligocene in the North Sea
area according to King (1989). According to Gradstein
& Bickstrom (1996) this species is known from Eocene
to Lower Oligocene deposits in the North Sea and the
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Haltenbanken area. C. tenellus is known from the Oligo-
cene in Belgium (Batjes 1958).

Planktonic fossil assemblages

UNDEFINED INTERVAL

Depth range: 1300-1320 m.

Material: Two ditch cutting samples.

Age: Late Pliocene (based on benthic foraminiferal evidence).
Description: Just a few unidentified planktonic foramin-
ifera are recorded in this unit (Fig. A16).

NEOGLOBOQUADRINA PACHYDERMA (DEXTRAL)
ASSEMBLAGE

Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of N. pachyderma (dextral). The
base is marked by the highest/youngest occurrence of G.
bulloides.

Depth range: 1320-1330 m.

Material: One ditch cutting sample.

Age: Late Pliocene.

Lithostratigraphic unit: Naust Formation.

Correlation: N. pachyderma (dextral) Zone of Weaver
(1986), Weaver & Clement (1986) and Spiegler & Jansen
(1989) and Subzone NSP 16a of King (1989).
Description: This assemble is characterized by a sparse
fauna of planktonic foraminifera. Recorded species
include N. pachyderma (sinistral) and N. pachyderma
(dextral, Fig. A16).

Remarks: A latest Pliocene N. pachyderma (dextral)
Zone is described by King (1989) from the North Sea, by
Weaver (1986) and Weaver & Clement (1986) from the
North Atlantic (DSDP Leg 94) and by Spiegler & Jansen
(1989) from the Voring Plateau (ODP Leg 104). On the
Vering Plateau the zone is dated to 1.9-1.8 Ma. The zone
is characterized by common N. pachyderma (dextral).
However, N. pachyderma (dextral) is also recorded, in
smaller numbers, in Pleistocene sections in these areas,
and is quite numerous in the warmest interglacials of the
last 0.5 My (Kellogg 1977, Spiegler & Jansen 1989).

GLOBIGERINA BULLOIDES ASSEMBLAGE

Definition: The top of the assemblage is taken at the
highest/youngest occurrence of G. bulloides. The base is
marked by the highest/youngest occurrence of N. atlan-
tica (sinistral).

Depth range: 1330-1360 m.

Material: Three ditch cutting samples.

Age: Late Miocene-Early Pliocene to Early Pliocene.
Lithostratigraphic unit: Uppermost Kai Formation to
lowermost Naust Formation.

Correlation: G. bulloides Zone of Weaver & Clement (1986)
and probably upper part of N. atlantica (sinistral) Zone of
Weaver & Clement (1986) and Spiegler & Jansen (1989).
Description: Planktonic foraminifera are sparse in this
unit. Taxa include G. bulloides, N. pachyderma (dextral)
and T. quinqueloba (Fig. A16).

Remarks: G. bulloides Zone is described from the North
Atlantic (DSDP Leg 94) in Miocene to Pliocene sediments

The Molo Formation 137

as young as 2.2 Ma (Weaver & Clement 1986). On the
Voring Plateau G. bulloides is common in Miocene to Plio-
cene deposits older than 2.4 Ma (Spiegler & Jansen 1989).
G. bulloides is also common in the warmest interglacials of
the last 0.5 My in the North Atlantic (Kellogg 1977).

NEOGLOBOQUADRINA ATLANTICA
ASSEMBLAGE

Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of N. atlantica (sinistral). The
base is marked by the highest/youngest occurrence of N.
atlantica (dextral).

Depth range: 1360-1410 m.

Material: Five ditch cutting samples.

Age: Late Miocene to Early Pliocene.

Lithostratigraphic unit: Kai Formation.

Correlation: N. atlantica (sinistral) Zone of Weaver &
Clement (1986) and Spiegler & Jansen (1989).
Description: The assemblage is characterized by a sparse
fauna of planktonic foraminifera. Recorded species
include N. atlantica (sinistral), N. pachyderma (dextral),
G. bulloides, T. quinqueloba and G. glutinata (Fig. A16).
Remarks: N. atlantica (sinistral) is known from the North
Atlantic and the Vering Plateau in Late Miocene to Late
Pliocene sediments (Weaver & Clement 1986, Spiegler &
Jansen 1989).

(SINISTRAL)

NEOGLOBOQUADRINA ATLANTICA
ASSEMBLAGE

Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of N. atlantica (dextral). The base
is marked by the highest/youngest occurrence of B. laevis.
Depth range: 1410-1440 m.

Material: Three ditch cutting samples.

Age: Late Miocene.

Lithostratigraphic unit: Kai Formation.

Correlation: Lower N. atlantica (dextral) Zone of Spiegler
& Jansen (1989) and N. atlantica (dextral)/N. acostaensis
Zone of Weaver (1987) and Weaver & Clement (1987).
Description: This unit contains a sparse assemblage of
planktonic foraminifera, pyritized diatoms and radiola-
ria. Recorded planktonic foraminifera include N. atlan-
tica (dextral), N. atlantica (sinistral), G. glutinata and G.
bulloides (Fig. A16).

Remarks: Spiegler & Jansen (1989) describe a lower N.
atlantica (dextral) Zone from Upper Miocene sediments
on the Vegring Plateau, and Weaver (1987) and Weaver
& Clement (1987) record a N. atlantica (dextral)/N.
acostaensis Zone from Upper Miocene sediments in the
North Atlantic (DSDP Leg 94).

(DEXTRAL)

BOLBOFORMA LAEVIS ASSEMBLAGE

Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of B. laevis. The base is marked
by the highest/youngest occurrence of B. subfragori.
Depth range: 1440-1450 m.

Material: One ditch cutting sample.

Age: Late Miocene.

Lithostratigraphic unit: Kai Formation.
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Correlation: Bolboforma laevis/Bolboforma capsula Zone
of Spiegler & Miiller (1992) and Bolboforma laevis Zone
of Miiller & Spiegler (1993).

Description: The sole sample which representative of this
unit contains a sparse fossil assemblage of Bolboforma
and planktonic foraminifera. B. laevis is the only Bolbo-
forma species recorded. Recorded foraminifera include
G. bulloides, N. atlantica (sinistral), N. atlantica (dextral),
T. quinqueloba and G. glutinata (Fig. A16).

Remarks: Spiegler & Miiller (1992) and Miiller & Spiegler
(1993) have recorded a B. laevis/B. capsula Zone from the
North Atlantic and a B. laevis Zone from the Vering Pla-
teau. These zones are described from deposits with an
age of approximately 10.3-10.0 My.

BOLBOFORMA SUBFRAGORI ASSEMBLAGE
Definition: The top of the assemblage is taken at the
highest/youngest occurrence of B. subfragori. The base
is marked by the highest/youngest occurrence of B. bad-
enensis and B. reticulata.

Depth range: 1450-1480 m.

Material: Three ditch cutting samples.

Age: Late Miocene.

Lithostratigraphic unit: Kai Formation.

Correlation: Bolboforma fragori/B. subfragori Zone of
Spiegler & Miiller (1992) and Miiller & Spiegler (1993),
Subzone NSP 14a of King (1983) and Bolboforma spiralis
zone of Stratlab (1988).

Description: This unit is characterized by a rich fossil
assemblage of radiolaria, pyritized diatoms, Bolboforma
and planktonic foraminifera. Radiolarian and pyritized
diatoms are dominant, with subordinate Bolboforma and
planktonic foraminifera. Recorded Bolboforma include
B. subfragori, B. laevis, B. fragori, B. pseudohystrix and B.
clodiusi. Recorded planktonic foraminifera include N.
atlantica (dextral), N. atlantica (sinistral), G. bulloides, T.
quinqueloba and G. glutinata (Fig. A16).

Remarks: A B. fragori/B. subfragori Zone is known from
deposits with an age of approximately 11.7-10.3 My from
the North Atlantic and the Vgring Plateau (Spiegler &
Miiller 1992 and Miiller & Spiegler 1993).

BOLBOFORMA BADENENSIS -
RETICULATA ASSEMBLAGE
Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of B. badenensis and B. reticu-
lata. The base is marked by the highest/youngest occur-
rence of Diatom sp. 4.

Depth range: 1480-1500 m.

Material: Two ditch cutting samples.

Age: Middle Miocene.

Lithostratigraphic unit: Kai Formation.

Correlation: B. badenensis and B. reticulata zones of Spie-
gler & Miiller (1992), B. badenensis/B. reticulata Zone of
Miiller & Spiegler (1993) and probably Zone NSP 13 of
King (1983).

Description: Also this unit contains a rich fossil assem-
blage of radiolaria, pyritized diatoms, Bolboforma and
planktonic foraminifera. Radiolaria and pyritized dia-

BOLBOFORMA
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toms are dominant, with subordinate Bolboforma and
planktonic foraminifera. B. reticulata is the most com-
mon Bolboforma. Other species include B. badenensis and
B. clodiusi. Recorded planktonic foraminifera include N.
atlantica (dextral), N. atlantica (sinistral), G. bulloides, G.
glutinata and G. zealandica (lower part, Fig. A16).
Remarks: Spiegler & Miiller (1992) describe a B. badenensis
Zone and a B. reticulata Zone from the North Atlantic and
Miiller & Spiegler (1993) describe a B. badenensis/B. reticu-
lata Zone from the Vering Plateau. These zones are recorded
from deposits with an age slightly older than 14 to 11.9 My
(Spiegler & Miiller, 1992). G. zealandica is known from
the Lower to lower Middle Miocene in the North Atlantic
(Poore 1979) and in the North Sea (King 1983).

DIATOM SP. 4 — DIATOM SP. 5 ASSEMBLAGE
Definition: The top of the assemblage is taken at the highest/
youngest occurrence of Diatom sp. 4. The base is marked by
the highest/youngest occurrence of Diatom sp. 3.

Depth range: 1500-1550 m.

Material: Five ditch cutting samples.

Age: Early Miocene.

Lithostratigraphic unit: Brygge Formation.

Correlation: Zone NSP 10 of King (1983).

Description: This interval contains a rich planktonic fos-
sil assemblage of pyritized diatoms (including Diatom sp.
4 and Diatom sp. 5) and radiolaria. A few caved Bolbo-
forma are also recorded in the upper part of the unit. In
this part a few planktonic foraminifera are also recorded.
Most of these are also probably caved, but G. zeandica, G.
praebulloides and S. disjuncta may be in situ (Fig. A16).
Remarks: G. praebulloides is known from Oligocene to
lower Upper Miocene deposits in the North Atlantic
(Poore, 1979) and from Oligocene to lower Middle Mio-
cene deposits in the North Sea (Gradstein & Bickstrom
1996). S. disjuncta is known from Lower to Middle Mio-
cene deposits in the North Sea (Gradstein & Bickstrom
1996). Diatom sp. 4 and Diatom sp. 5 are described from
the Lower Miocene in the North Sea (King 1983, 1989).
According to King (1989) Diatom sp. 4 is not known
from the uppermost part of Lower Miocene and that can
indicate that there is a small hiatus between this assem-
blage and the immediately overlying assemblage.

DIATOM SP. 3 ASSEMBLAGE

Definition: The top of the assemblage is taken at the high-
est/youngest occurrence of Diatom sp. 3. The base of the
assemblage is undefined.

Depth range: 1550-1600 m.

Material: Six ditch cutting samples.

Age: Early Oligocene to Late Oligocene.
Lithostratigraphic unit: Brygge Formation.

Correlation: Subzone NSP 9c¢ of King (1989).

Description: This unit is characterized by a moderately
rich planktonic fossil assemblage of radiolaria and pyri-
tized diatoms including Diatom sp. 3 (Fig. A16).
Remarks: Diatom sp. 3 is known from the upper part of
the Lower Oligocene to the lower part of the Lower Mio-
cene in the North Sea area (King, 1989).
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Strontium isotope stratigraphy

Three intervals from well 6507/12-1 were analysed for
strontium isotopes. Tests of E. variabilis, C. dutemplei
and S. bulloides were picked from the samples at 1430-
1450 m. This analysis gave a corrected ¥Sr/*Sr-rato of
0.708897. On the seawater Sr isotope curve of Howarth
& McArthur (1997) this ¥Sr/%Sr-rato corresponds to an
age of approximately 9.7 Ma. Tests of B. fragori, B. sub-
fragori and B. clodiusi from the sample at 1460 m gave
a corrected 87Sr/86Sr-rato of 0.708931 corresponding to
an age of approximately 8.0 Ma. Tests of B. fragori and
B. subfragori from the sample at 1470 m gave a corrected
87Sr/86Sr-rato of 0.708865 corresponding to an age of
approximately 10.9 Ma (Table 1, Fig. A16).

Lithology
Upper Pliocene (Naust Formation)

The ditch cutting samples from the Upper Pliocene unit
contain a clay-rich diamicton which is also rich in sand,
silt and pebbles of mainly crystalline rocks. The pebbles
are interpreted as ice-rafted and indicate that the sedi-
ments were deposited after the marked increase in the
supply of ice-rafted detritus to the Norwegian Sea, which
started at about 2.78 Ma (Fronval & Jansen 1996).

Middle Miocene to Lower Pliocene (Kai Formation)

The ditch cutting samples from this unit contains mostly
fine-grained material. Clay dominates in the samples, but
the content of sand and silt is also considerable. Pebbles
of crystalline rock are also recorded. The sand is mainly
glauconitic, but quartzose sand is also recorded. Most of
the quartzose sand and the pebbles are probably caved.

Lower Oligocene and Lower Miocene (Brygge Formation)

The ditch cutting samples in this unit contain clay, silt
and sand (mainly glauconitic).
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Appendix 2

Definition of the Molo Formation

Name: Molo is the Norwegian name for jetty.

Well type section: Well 6610/3-1 (Statoil) from approxi-
mately 349 m (the top is not sampled and logged in the
well) to 555 m (Fig. A9), coordinates 66°55°29.70”N,
10°54°06.28”E (Nordland Ridge, Fig. 1).

Well reference section: Well 6407/9-5 (Shell) from
670 to 787 m (Fig. Al), coordinates 64°16’42.35”N,
07°44’14.66”E (Trendelag Platform, Fig. 1).

Thickness: A total thickness of 206 m in the type well is
only sampled with five side wall cores (Fig. A9). In the ref-
erence well a total thickness of 117 m is sampled with ditch
cutting samples at ten meters interval (Fig. Al). Some
short vibro cores are sampled in the Nordland Ridge area
(Fig. 1). Close to its northern boundary (block 6610/2 and
6610/5) the unit increases to more than 500 m (Fig. 1).

Distribution: The formation extends from the coast off
Mere at approximately 63°30°N, along the inner Mid
Norwegian shelf up to the Nordland Ridge and Lofoten
area at approximately 67°40’ N (Fig. 1)

Lithology: The lithology varies considerably throughout
its distribution area. In most wells and boreholes from
proximal parts, the unit consists mainly of red to yellow
coloured sand. Some sections also contain well rounded,
rust-tinted pebbles. In some wells glauconitic sand and
mica-rich sand are recorded. In the Draugen Field (Tren-
delag Platform), where the distal part has been investi-
gated, the unit contains glauconitic sand, silt and clay.

Basal boundary: In the type well the lower boundary is recog-
nised by an abrupt change from greyish claystone of the
Brygge Formation to grey mica-rich sand of the Molo For-
mation. The boundary is marked by a strong negative spike
at approximately 555 m on the gamma log (Fig. A9). In the
reference well the lower boundary is recognised by an abrupt
change from greyish claystone of the Brygge Formation to
dark (nearly black) glauconitic sand of the Molo Formation.
The boundary is further marked by an increase in the gamma
ray response and a decrease in velocity (Fig. Al).

Characteristics of the upper boundary: The upper bound-
ary is not sampled and logged in the type well and it is
only recognised on seismic lines. In the reference well the
upper boundary is recognised by a marked decrease in
velocity and a slight decrease in the gamma ray response
into the overlying glacio-marine diamicton (Fig. Al).

Age: Late Miocene — Early Pliocene.

Depositional environment: The formation was deposited
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in a coastal shallow marine to prograding deltaic envi-
ronment, probably formed in a wave-dominated envi-
ronment with extensive long-shore drift.

Remarks: Tt is only in wells from the distal part, includ-
ing the reference well, that it is possible to date the Molo
Formation by means of biostratigraphical and strontium
isotope analyses. In wells from the proximal part, includ-
ing the type well, only reworked fossils are recorded.
Most of the sediments in this part are probably reworked
from other formations including the Brygge and Tare
formations.

The Molo Formation has previously informally been
called the “Delta” by Bugge et al. (1976), IKU Bedrock
Unit IX by Bugge et al. (1984) and Rokoengen et al. (1988,
1995), the “Froyrygg formation” by Askvik & Rokoengen
(1985) and informally introduced as the “Molo forma-
tion” by Gustavson & Bugge (1995).

Acknowledgements: The authors extend their thanks to Inger M. Rovik,
Rune Goa, Tone M. Tjelta Hansen, Finn Moe, Jan Allan Eide and Bir-
gitte Madland at the Norwegian Petroleum Directorate for careful and
accurate technical assistance and preparation of illustrations, to Yuval
Ronen at the University of Bergen for careful and accurate strontium
isotope analyses and to Ane Birgitte Nodtvedt at Statoil ASA for sharing
results. Jeno Nagy at the University of Oslo gave advice in identification
of Palacogene foraminifera. We are also grateful to Norwegian Petro-
leum Directorate, Norsk Hydro ASA, the Geological Survey of Norway
and Pertra ASA for supporting and funding the project and to Statoil
ASA and A/S Norske Shell for supplying sidewall cores. The construc-
tive comments by the journal reviewers Sven A. Bickstrom and Kare
Rokoengen are much appreciated.

NORWEGIAN JOURNAL OF GEOLOGY

References

Askvik, H. & Rokoengen, K., 1985: Geologisk kart over Norge, berg-
grunnskart Kristiansund - M 1:250.000. Norges geologiske under-
sokelse.

Batjes, D. A. J., 1958: Foraminifera of the Oligocene of Belgium. Insti-
tut Royal des sciences naturelles de Belgique Mémoires 143, 1-188.
Berggren, W. A., Kent, D. V, Swisher, C. C., IIT & Aubry, M.- P, 1995:

A Revised Cenozoic Geochronology and Chronostratigraphy. In
Berggren, W. A. et al. (eds.): Geochronology, Time Scale and Global
Stratigraphic Correlation. Society for Sedimentary Geology Special

Publication 54,129-212.

Brekke. H., 2000: The tectonic evolution of the Norwegian Sea Conti-
nental Margin with emphasis on the Voring and Mare Basins. Geo-
logical Society, London, Special Publications 167, 327-378.

Brinkhuis, H., 1992: Late Eocene to Early Oligocene dinoflagellate
cysts from Central and Northwest Italy. Ph.D. Thesis University of
Utrecht, 169 pp.

Buchardt, B., 1978: Oxygen isotope palaecotemperatures from the Ter-
tiary period in the North Sea area. Nature 275, 121-123.

Bugge, T., 1980: @vre lags geologi pé kontinentalsokkelen utenfor
Mogre og Trondelag. IKU Publication 104, 44 pp.

Bugge, T., Eidvin, T., Smelror, M., Ayers, S., Ottesen, D., Rise, L.,
Andersen, E. S., Dahlgreen, T., Evans, D. & Henriksen, S., 2004: The
Middle and Upper Cenozoic depositional system on the Mid-Nor-
wegian continental margin. In Martinsen, O. (ed.): Deep-water sedi-
mentary system of Arctic and North Atlantic margins. NGF Abstract
& Proceedings 3, 14-15.

Bugge, T., Knarud, R. & Merk, A., 1984: Bedrock geology on the mid-
Norwegian continental shelf. In Spencer, A. M. et al. (eds.): Petro-
leum Geology of the North European Margin. Norwegian Petroleum
Society, Graham and Trotman, London, 271-283.

Bugge, T., Lien, R. & Rokoengen, K., 1976: Kartlegging av de prekvar-
teere lag utenfor Mere — Trendelag (63°-65°N). Continental Shelf
Institute, Norway (IKU) publication 69, 1-47.

Bujak, J.P., 1994: New dinocyst taxa from the Eocene of the North Sea.
Journal of micropalaeontology 13, 119-131.

Bujak, J. & Mudge, D., 1994: A high-resolution North Sea Eocene
dinocyst zonation. Journal of the Geological Society of London 151,
449-462.

Bullimore, S., Henriksen, S., Liestol, F. M. & Helland-Hansen, W., 2005:
Clinoform stacking patterns, shelf-edge trajectories and facies asso-
ciations in Tertiary coastal deltas, offshore Norway: Implications
for the prediction of lithology in prograding systems. Norwegian
Journal of Geology 85,169-187.

Charnock, M. A. & Jones, R. W,, 1990: Agglutinated foraminifera from
the Palacogene of the North Sea. In: C. Hemleben et al. (eds.); Pale-
oecology, Biostratigraphy, Paleoceanography and Taxonomy of Agglu-
tinated Foraminifera, 139-244, Kluwer Academic Publishers.

Costa, L. I. & Downie, C., 1979: Cenozoic dinocysts stratigraphy of
Sites 403 and 406 (Rockall Plateau), DSDP, Leg 48. Initial Reports of
The Deep Sea Drilling Project 48, 513-529.

De Verteuil, L. & Norris, G., 1996: Miocene dinoflagellate stratigraphy
and systematics of Maryland and Virginia. Micropaleontology 42
Supplementary, 172 pp.

Doppert, J. W. C., 1980: Lithostratigraphy and biostratigraphy of
marine Neogene deposits in the Netherlands. Mededelingen Rijks
Geologische Dienst 32-16, 3-79.

Eidvin, T. & Rundberg, Y., 2001: Late Cainozoic stratigraphy of the
Tampen area (Snorre and Visund fields) in the northern North Sea,
with emphasis on the chronology of early Neogene sands. Norsk
Geologisk Tidsskrift 81, 119-160.

Eidvin, T. & Rundberg, Y., in press: Post-Eocene strata of the southern
Viking Graben, northern North Sea; integrated biostratigraphic,
strontium isotopic and lithostratigraphic study with proposal for
revision of the lithostratigraphic nomenclature. Norwegian Journal
of Geology.

Eidvin, T., Brekke, H., Riis, F. & Renshaw, D. K., 1995: Neogene and



NORWEGIAN JOURNAL OF GEOLOGY

Upper Paleogene sediments on the mid-Norwegian continental
shelf. Geonytt 1,27.

Eidvin, T., Brekke, H., Riis, F. & Renshaw, D. K., 1998: Cenozoic Strati-
graphy of the Norwegian Sea continental shelf, 64° N - 68° N. Norsk
Geologisk Tidskrift 78, 125-151.

Eidvin, T., Jansen, E., Rundberg, Y., Brekke, H. & Grogan, P., 2000: The
upper Cainozoic of the Norwegian continental shelf correlated
with the deep sea record of the Norwegian Sea and North Atlantic.
Marine and Petroleum Geology 17, 579-600.

Eidvin, T., Riis, E. & Rundberg, Y., 1999: Upper Cainozoic stratigraphy
in the central North Sea (Ekofisk and Sleipner fields). Norsk Geolo-
gisk Tidsskrift 79,97-127.

Eldholm, O. & Nysther, E., 1968: Seismiske undersgkelser pd den
norske kontinentalsokkel 1968, del C. Seismol. Observ., University
of Bergen, 29 pp.

Firth, J.V., 1996: Upper Middle Eocene to Oligocene dinoflagellate
biostratigaphy and assemblage variations in Hole 913B, Greenland
Sea. Proceedings of the Ocean Drilling Program, Scientific Results
151,203-242.

Fronval, T. & Jansen, E., 1996: Late Neogene paleoclimates and pale-
oceanography in the Iceland-Norwegian Sea: evidence from the
Iceland and Vering Plateaus. In Thiede, J., Myhre, A. M., Firth, J.
V., John, G. L. and Ruddiman, W. E. (eds.), Proceedings of the Ocean
Drilling Program, Scientific Results 151: College Station, TX (Ocean
Drilling Program), 455-468.

Gradstein, F. M. & Béckstrom, S., 1996: Cenozoic Biostratigraphy and
Paleobathymetry, northern North Sea and Haltenbanken. Norsk
Geologisk Tidskrift 76, 3-32.

Grossheide, K. & Trunko, L., 1965: Die Foraminiferen des Doberges bei
Bunde und von Astrup mit Beitragen zur Geologie dieser Profile
(Oligozan, NW-Deutschland). Beihefte zum Geologischen Jahrbuch
60, 1-213.

Gustavson, M. & Bugge, T., 1995: Geologisk kart over Norge, berg-
grunnskart VEGA, M 1:250 000. Norges geologiske undersokelse.

Hagq, B. U., 1991: Sequence stratigraphy, sea-level change and signifi-
canse for the deep sea. International Association of Sedimentologists
Special Publication 12, 3-39.

Hausmann, H. E., 1964: Foraminiferenfauna und Feinstratigraphie des
mitteloligozdnen Septarientones im Raum zwischen Magdeburg und
Dessau - Teil 1: Die Foraminiferenfauna. Hercynia N. E. 1,333-419.

Henriksen, S. & Vorren, T. O., 1996: Late Cenozoic sedimentation and
uplift history on the mid-Norwegian continental shelf. Global and
Planetary Change 12,171-199.

Henriksen, S. & Weimer, P., 1996: High-Frequency Depositional Sequen-
ces and Stratal Stacking Patterns in Lower Pleistocene Coastal Deltas,
Mid-Norwegian Continental Shelf. AAPG Bulletin 80, 1867-1895.

Holmes, D. L., 1978: Holmes Principles of Physical Geology. Thomas
Nelson & Sons Ltd, Sunbury-on-Thames, 730 pp.

Howarth, R. J. & McArthur, J. M., 1997: Statistics for Strontium Isotope
Stratigraphy: A Robust LOWESS Fit to Marine Sr-Isotope Curve for
0 to 206 Ma, with Look-up table for Derivation of Numeric Age.
Journal of Geology 105, 441-456.

Jansen, E. & Sjgholm, J., 1991: Reconstruction of glaciation over the
past 6 Myr from ice- borne deposits in the Norwegian Sea. Nature
349, 600-603.

Jansen, E., Raymo, M. E., Blum, P., et al., 1996: Proceedings of the Ocean
Drilling Program, Initial Reports 162: College Station, TX (Ocean
Drilling Program).

King, C., 1983: Cenozoic micropaleontological biostratigraphy of the
North Sea. Report of the Institute for Geological Sciences 82, 40 pp.
King, C., 1989: Cenozoic of the North Sea. In Jenkins, D. G. and Mur-
ray, J. W. (eds.): Stratigraphical Atlas of Fossil Foraminifera. Ellis

Horwood Ltd., Chichester, 418-489.

Kellogg, T. B., 1977: Paleoclimatology and Paleo-oceanography of the
Norwegian and Greenland Seas: The last 450,000 years. Marine
Micropalaeontology 2, 235-249.

Kummerle, E., 1963: Die Foraminiferfauna des Kasseler Meeressandes
(Oberoligozin) im Ahnetal bei Kassel. Abhandlungen - Hessisches

The Molo Formation 141

Landesamt fiir Bodenforschung 45, 1-72.

Larsen, H. C., Saunders, A. D, Clift, P. D., Beget, J., Wei, W., Spezzaferri,
S. and ODP Leg 152 Scientific Party, 1994: Seven Million Years of
Glaciation in Greenland. Science 264, 952-955.

Loseth, H. & Henriksen, S., 2005: A mid to Late Miocene compres-
sion phase along the Norwegian passive margin. In A.G. Doré and
B. Vining (eds.): Petroleum Geology: North-West Europe and Global
Prospectives-Proceedings of the 6th Conference, Petroleum Geology
Conferances Ltd. Geological Society, London, 845-859.

Mackensen, A., Sejrup, H. P. & Jansen, E., 1985: The distribution of
living benthic foraminifera on the continental slope and rise of
southwest Norway. Marine Micropaleontology 9, 275-306.

Mangerud, G. & Charnock, M., 1999: Cenozoic biostratigraphy of the
Mpgre Basin. Sedimentary environments offshore Norway — Palae-
ozoic to Recent. NPF, Extended abstract, 91-92.

Manum, S.B., Boulter, M.C., Gunnarsdottir, H., Ragnes, K. & Scholze,
A., 1989: Eocene to Miocene palynology of the Norwegian Sea
(ODP Leg 104). Proceedings of the Ocean Drilling Program, Scienti-
fic Results 104, 611-622.

Matsuoka, K. & Head, M. J., 1992: Taxonomic revision of the Noegene
marine palynomorphs Cyclopsiella granosa (Matsuoka) and Batia-
casphaera minuta (Matsuoka), and a new species of Pyxidiniopsis
Habib (Dinophyceae) from the Miocene of the Labrador Sea. In
M. J. Head and J. H. Wrenn, Neogene and Quaternary Dinoflagellate
Cysts and Acritrachs (pp.165-180). American Association of Strati-
graphic Palynologists Foundation, Dallas.

Mudie, P. J., 1989: Palynology and dinocyst biostratigraphy of the Late
Miocene to Pleistocene, Norwegian Sea: ODP Leg 104, Sites 642 to
644. Proceedings of the Ocean Drilling Program, Scientific Results
104, 587-610.

Miiller, C. & Spiegler, D., 1993: Revision of the late/middle Miocene
boundary on the Voering Plateau (ODP Leg 104). Newsletter on
Stratigraphy 28, 171-178.

Myatliuk, E. V., 1970: Foraminifery flishevykh otlozhenii vostochnykh
Karpat (Mel-Paleogen). Trudy Vsesoyuznogo Neftyanago Nauchno-
Issledovatel’skogo Geologo-Razvedochnogo Insttituta 282, 1-225.

Norwegian Deepwater Programme, 2004: Mid- to Late Cenozoic Geo-
model of the Mid-Norwegian Continental Margin. Model Volume.
Norwegian Deepwater Programme. Seabed Project Phase II. Report
no SP2-02-FS-01R-00001-04 compiled by Fugro Survey Limited.
108 pp.

Nysether, E., Eldholm, O. & Sundvor, E., 1969: Seismiske underso-
kelser av den norske kontinentalsokkel, Sklinnabanken — Andeya.
Seismol. Observ., University of Bergen, Tech. Rep. 3, 23 pp.

Nodtvedt, A. B., 1999: Termisk utvikling gjennom kenozoikum langs
den norske kontinentalmarginen. Cand. scient. thesis, University of
Bergen, 106 pp.

Poole, D. A. R. & Vorren, T. O., 1993: Miocene to Quaternary paleoen-
vironments and uplift history on the mid Norwegian shelf. Marine
Geology 115, 173-205.

Poore, R. Z., 1979: Oligocene through Quaternary planktonic forami-
niferal biostratigraphy of the North Atlantic, DSDP, Leg 49. In Luy-
endyk, J. R. & Cann, J. R. et al. (Eds.), Initial Reports of the Deep Sea
Drilling Project 49: Washington (U. S. Government Printing Office),
447-517.

Poulsen, N.E., Manum, S.B., Williams, G.L. & Ellegaard, M., 1996: Ter-
tiary dinoflagellate biostratigraphy of Sites 907, 908, and 909 in the
Norwegian. Greenland Sea. Proceedings of the Ocean Drilling Pro-
gram, Scientific Results 151, 255-287.

Powell, A. J., 1992: Dinoflagellate cysts of the Tertiary System. In
Powell, A.J. (ed.) A Stratigraphic Index of Dinoflagellate Cysts. Chap-
mann and Hall, London, 155-251.

Riis, E, Berg, K., Cartwright, J., Eidvin, T. & Hansch, H., 2005. Forma-
tion of large, crater-like evacuation structures in ooze sediments in
the Norwegian Sea. Possible implications for the development of
the Storegga Slide. Marine and Petroleum Geology 22,257-273.

Rise, L., Ottesen, D., Berg, K. & Lundin, E., 2005: Large-scale develop-
ment of the mid-Norwegian Shelf during the last 3 million years.



142 T. Eidvin et al.

Marine and Petroleum Geology 22, 33-44.

Rokoengen, K., Rise, L., Bryn, P, Frengstad, B., Gustavsen, B., Nygaard,
E. & Sattem, J., 1995: Upper Cenozoic stratigraphy on the Mid-
Norwegian continental shelf. Norsk Geologisk Tidsskrift 75, 88-104.

Rokoengen, K., Rise, L., Bugge, T. & Settem, J., 1988: Berggrunnsgeo-
logi p& midtnorsk kontinentalsokkel. M 1: 1.000.000. IKU Publica-
tion 117.

Ruddiman, W. E, 2000: Earth’s Climate, Past and Future. W. H. Free-
man and Company, New York, 465 pp.

Rundberg, Y. & Eidvin, T., 2005: Controls on depositional history and
architecture of the Oligocene-Miocene succession, northern North
Sea Basin. In B.T.G. Wandaas et al. (eds.): Onshore-Offshore Relati-
onships on the North Atlantic Margin. NPF Special Publication 12,
207-239.

Schroder, T., 1992: A Palynological Zonation for the Paleocene of the
North Sea Basin. Journal of micropalaeontology 11, 113-126.

Sigmond, E. M. O., 1992: Bedrock map of Norway and adjacent areas.
Scale 1:3 million, Geological Survey of Norway.

Skarbg, O., Bugge, T., Knarud, R. & Aarhus, N., 1983: Mapping of
Mesozoic rocks off Helgeland, northern Norway 1982. IKU Report
P-277/2/83, 81 pp.

Skarbe, O. & Verdenius, J. G., 1986: Catalogue of microfossils, Quater-
nary - Tertiary. IKU Publication 113,19 pp, 187 pl.

Smelror, M., Channell, J.E.T. & Anthonissen, E. A., in press: Neogene
dinoflagellate cyst biozonation for the Norwegian-Greenland Sea.
Norwegian Journal of Geology.

NORWEGIAN JOURNAL OF GEOLOGY

Spiegler, D. & Jansen, E., 1989: Planktonic Foraminifer Biostrati-
graphy of Norwegian Sea Sediments: ODP Leg 104. In Eldholm, O.,
Thiede, J., Tayler, E., et al. (eds.), Proceedings of the Ocean Drilling
Program, Scientific Results 104: College Station, TX (Ocean Drilling
Program), 153-167.

Spiegler, D. & Miiller, C., 1992: Correlation of Bolboforma zonation
and nannoplankton stratigraphy in the Neogene of the North
Atlantic: DSDP sites 12-116, 49-408, 81-555 and 94-608. Marine
Micropaleontology 20, 45-58.

Stratlab, 1988: Mid - Norway offshore Biozonation, Tertiary to Triassic.
Fossil-atlas, bind 1 - 4, Stratlab a.s. (non-proprietary report).

Ulleberg, K., 1974: Foraminifera and stratigraphy of the Viborg For-
mation in Sofienlund, Denmark. Bulletin of the Geological Society of
Denmark 23, 269-292.

Weaver, P. P. E., 1987: Late Miocene to recent planktonic foraminifers
from the North Atlantic: Deep Sea Drilling Project Leg 94. Initial
Reports of the Deep Sea Drilling Project, 94, 703-727.

Weaver, P. P. E. & Clement, B. M. 1986. Synchronicity of Pliocene
planktonic foraminiferid datums in the North Atlantic. Marine
Micropalaeontology 10, 295-307.

Williams, G.L. & Manum, S.B., 1999: Late Oligocene to Early Miocene
dinocyst stratigraphy of ODP Site 985 (Norwegian Sea). Proceed-
ings of the Ocean Drilling Program, Scientific Results 16,99-109.

Wright, J. D. & Miller, K. G., 1993: Southern ocean influences on late
Eocene to Miocene deepwater circulation. Antarctic Research Series
60, 1-25.



