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Pteranodon soaring over the Hardanger mountain plateau during the Late Cretaceous. (Illustration: R.W.Williams)

Cretaceous strata have provided Norway with its first and, until now, most significant oil discovery,

the Ekofisk field. The fractured porous chalk limestones formed by Cretaceous plankton have laid

the foundation for one of the world’s largest oil fields. Further north in the Norwegian and Barents

Seas, chalk was out-competed by sands and muds transported by major rivers out into the deep

basins between Greenland and Norway.



High seas and low horizons
The Cretaceous; 146–66 million years ago



The Cretaceous
146–66 million years ago

At the onset of the Cretaceous the Earth’s continental landmasses were evenly distributed from pole to pole.

This north-south distribution was maintained while rifting and sea-floor spreading continued

to promote continental separation. The most important event in this respect was the opening

of the Atlantic OceanSea. During the earliest Cretaceous South Atlantic opening was initiated

with the separation of South America from South Africa in the south.

This process did not reach the North Atlantic between Europe and

North America until the Late Cretaceous.

Early Cretaceous plate reconstruction

Norway’s location in yellow. The globe is

viewed obliquely from the north, portray-

ing Norway south of its real position.

(Illustration: R. Blakey)
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Cretaceous

In the old days teachers wore an overall to protect their clothes from white chalk dust. The dust was a nui-
sance, and never in itself a subject the teacher might have considered giving lessons in. No one could have
thought that the time would come when this very same chalk would play a decisive role in the great break-

through of Norwegian oil industry history – the discovery in September 1969 of the Ekofisk field in the south-
ern North Sea. The teacher’s irritation is composed of microscopic calcite plates called coccoliths, which today
lie in thick layers at between two and four kilometres beneath the southern North Sea and which form the reser-
voirs in the Ekofisk, Valhall, Hod and Tor oil fields. In this chapter we shall look at the Cretaceous period in
more detail and at the special circumstances that controlled the deposition of its distinctive rocks.

The word “Cretaceous” is derived from the Latin “creta”, which is the name of the Greek island of Crete as well
as the term for the fine-grained, white limestone that we call chalk. However, Cretaceous sediments and rock
types exhibit just as much diversity as those of other geological periods. Some of the world’s largest oil fields
have their reservoirs in Cretaceous rocks. Cretaceous carbonates form major reservoirs in
the Middle East, Latin America, and in the Norwegian Ekofisk field, whereas in
Siberia sandstone reservoirs are common.

Atlantic
Ocean

Antarctica

Australia

Russia

Europe Asia

Green-
land

India

Africa

Norway

South
America

North-
America

Reconstruction of the continental

landmasses 105 million years ago

during the Early Cretaceous. The con-

tinents are shown in brown, continen-

tal shelves in light blue, and oceanic

crust in dark blue. (Illustration: R.

Blakey))

Introduction

The Cretaceous is characterised by the transition from prolonged fragmentation of the

Pangaean supercontinent to sea-floor spreading, and formation of the Atlantic Ocean.

The Cretaceous was the Earth’s “greenhouse” period, and sea levels have never since

been so high, or the climate so warm.
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Map showing the main structural

elements on the Norwegian conti-

nental shelf. The map is dominated

by platforms and basins formed at

the Jurassic-Cretaceous transition,

which were accentuated by thermal

basin subsidence during the

Cretaceous.

New sedimentary basins and high
sea levels

Throughout the warm Cretaceous period, massive structural changes were accompanied

by continuous global rises in sea level. Lowland landscapes were progressively submerged

and, in the Late Cretaceous, sea levels became higher than they have ever been, before or

since.

Rifting in the Norwegian Sea continued during the Early
Cretaceous. The primary extensional rift axis was a precursor
to the ultimate site of opening of the Norwegian and
Greenland Seas, which later evolved into the North
Atlantic Ocean during the Cenozoic.
Following major Late Jurassic and Early
Cretaceous rifting, the remainder of the
Cretaceous was characterised by crustal cooling.

In the Norwegian Sea we find deep, regional
Cretaceous depressions such as the Møre, Vøring,
Harstad, Tromsø and Sørvestnaget Basins, which formed
along the main rift axis where the crust was subjected to
maximum extension and thinning during the Late
Jurassic and Early Cretaceous. Seismic data reveal that
the crust was thinned to between 20 and 25 % of its
original thickness in these areas. Almost unbelievably, exten-
sion came to a halt just before sea-floor spreading mecha-
nisms were able fracture the crust completely
and take the upper hand.

As a result, the northern continua-
tion of the North Atlantic, which
was to evolve in the Cenozoic, did
not develop along this axis. However,
extreme degrees of crustal thinning
promoted several kilometres of
thermal subsidence during the
Early Cretaceous and into the
Late Cretaceous, while infilling
by marine muds and sands from
the basin margins almost kept
pace with this subsidence.

Tranquil platform settings
On the marginal platforms in the North Sea and Barents
Sea, narrow subsiding basins were superimposed on the Late

Platforms

Intra-platform Palaeozoic highs

Intra-platform Palaeozoic basins

Late Cretaceous/Early Tertiary islands and active highs

Shallow intra-platform Cretaceous basins

Terraces and highs within deep basins

Narrow Cretaceous basins overlying Jurassic rift-arms

Deep, regional, Cretaceous basins 

Marginal highs overlain by Tertiary lavas
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Jurassic and Early Cretaceous rift arms. However,
these basins are much shallower than the major
depressions located along the main rift axis in the
Norwegian Sea. During the Late Cretaceous, there
were significantly fewer phases of crustal tectonics,
both along the main rift axis, and within the rift arms.

Within the platforms them-
selves we find restricted,
minor, saucer-shaped,
depressions such as
the Farsund,
Egersund, Stord,
Helgeland, Sørkapp
and Olga Basins. These
are infilled with between 500
and 700 m Cretaceous deposits, of
which Early Cretaceous sediments dominate, indicat-
ing that subsidence was most active at this time. It is
probable that these basins represent an adaptive
response to tensional crustal forces beyond the mar-
gins of the major rift structures, after the latter became
inactive during the Early Cretaceous. However, their
exact formation mechanism is unclear, in that none of
the smaller basins are themselves superimposed on
older clearly-defined rift structures, but resemble
wave-like undulations of the platform interiors.

Intra-platform Cretaceous deposits are between
about 200 and 300 m thick. Due to Late Cretaceous
tectonics, some highs located along the platform
shoulders emerged above sea level for certain peri-
ods, during which they were subject to erosion.
However, the major Barents Sea platform provinces
were exceptional in that here Late Cretaceous sedi-
ments are absent across large areas due to uplift and
erosion at the end of the Cretaceous and beginning
of the Cenozoic.

Hot and humid – no ice at the poles
The Cretaceous climate was hot and humid. This
was probably the result of a combination of factors
including the continents’ low relief and even distri-
bution around the globe, elevated sea levels and the
presence of vast shallow seas, together with the
absence of deep sea-bottom currents and higher con-
centrations of CO2 in the atmosphere. The period
was characterised by rapid sea-floor spreading
accompanied by extensive volcanism and gas emis-
sions, which pumped enormous volumes of CO2
into the atmosphere. All these factors resulted in a
balancing out of global temperatures, the average
being approximately 10° C higher than it is today.

At no time were there permanent ice caps at the
poles. Instead these areas were covered with temper-
ate forests. During the Early Cretaceous, ice and
snow did occur in the polar regions during the winter
months, but later temperatures rose and remained
above freezing throughout the year. In addition, cold

oceanic waters were not formed at
the poles, and ocean-bottom

temperatures thus
became similar to
those at the surface,
being approximately
between 20 and 25o

C at the equator. As a
result, there was very lit-

tle density-driven exchange
between the polar and equatorial

water masses, and very little exchange vertically with-
in the water column. No major ocean currents
flowed from the poles as they do today, and this
resulted, among other things, in periodic oxygen
deficiencies over large areas of the deep oceans.

Two major faunal provinces
During much of the Cretaceous, there existed two
major environmental regimes in the seas around
Norway, each with its distinct fauna and flora. The
southern tropical Tethys Ocean was characterised by
high salt concentrations and shallow saline seas,
whereas the northern, cooler and temperate, Boreal
Sea exhibited more normal salt concentrations.
Periodically, boreal fauna and flora are seen to domi-
nate in the southern part of the North Atlantic
province, but at other times, the Tethyian fauna and
flora extended some distance to the north between
Greenland and Norway.

Plants and animals continue to evolve
During the earliest Cretaceous we encounter a flora
very similar to that of the Jurassic, including cycads,
bennettitaleans and ginkgo-related species, among
others. During the Cretaceous, the flowering plants
(angiosperms) evolved at explosive rates and close
relatives of our modern birch, oak, poplar and mag-
nolia made their appearance. The conifer Sequoia,
that later played a significant role in the Cenozoic,
appeared later during the Cretaceous.

Terrestrial animal life was dominated by the
dinosaurs, including the well-known Tyrannosaurus
rex. On Spitsbergen, the footprints of Iguanodon have
been found in Early Cretaceous rocks. Pterosaurs,
such as the giant Pteranodon and Quetzalcoatlus,

Reconstruction of climatic zones

during the Early Cretaceous. Norway

was located in the northern warm-

temperate zone. Note the absence of

polar climatic zones. (Figure modi-

fied after C. Scotese)
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ruled the air. The onset of the Cretaceous marks the
appearance of the first marsupials, which give birth
to a minute embryo that develops externally in the
mother’s pouch. The placental mammals, in which a
foetus develops with the aid of the placenta over a
prolonged gestation period in the mother’s womb,
also appeared at this time. Cretaceous mammals were
mostly insectivorous, but some plant-eating species
were very successful. A Cretaceous fossil mammal has
recently been discovered with the remains of its
stomach contents intact, confirming that it preyed on
smaller dinosaurs. Cretaceous bird life was probably
very diverse, and we find species varying in size from
finch-like to ostrich-like forms.

In the warm southern seas the plate-bearing coccol-
ithophore algae flourished in huge numbers. It is the
microscopic plates from these calcareous flagellate
algae that produce chalk. In the North Atlantic
province, foraminifera, algae, bivalves, brachiopods
and bryozoans were dominant. Globigerina-like
foraminifera supplied the material for the so-called
globigerina ooze, which was deposited in the deep
oceans. Silica sponges were also common, and the
silica needles, or spicules, derived from these, were
transformed into flint nodules that we find in chalk
deposits today.

Soft-bodied animals such as ammonites
(cephalopods) and bivalves, were common in both
the southern and northern provinces. Ammonites
developed some peculiar morphologies during the
Cretaceous. These include Turrulites, which can eas-
ily be mistaken for a gastropod. Baculites, on the
other hand, evolved a linear, elongate shell, whereas
Macroscaphites developed an open spiral shell mor-
phology. Some of the larger rudist bivalves were reef
builders. Sea urchins were also very common, and

their fossils can be found in Denmark and at other
Cretaceous localities.

Larger marine animals were dominated by the rep-
tiles, represented by giant turtles, sea-lizards
(mosasaurs), fish-lizards (ichthyosaurs) and swan-
lizards (plesiosaurs).

At the close of the Cretaceous the last great recorded
global mass extinction occurred. Well-known groups
such as ammonites, belemnites and many other
marine organisms either died out or had their diver-
sity severely reduced. Terrestrial dinosaurs became
extinct together with the great reptiles that ruled the
skies and oceans. It is certainly true to say that close
relatives of the dinosaurs continue to populate the
Earth today in the form of our modern birds, which
most probably represent an early “dinosaur branch”
of the evolutionary tree that was able to evolve fur-
ther.

High sea levels,muds and chalk
It has been calculated that Cretaceous sea levels may
have been up to 350 m higher than at the present
day, and that over half the continental landmasses
were submerged. High sea levels and low topograph-
ic relief resulted in vast, shallow, epicontinental and
continental shelf seas, following a pattern completely
different from our present-day oceans. Enormous
volumes of chalk were deposited in these shallow
seas where plant and animal life was abundant.

A common thread throughout the Early Cretaceous
evolution of the Norwegian continental shelf is the
dominating influence of mudstones and marls.
Cleaner limestones became more dominant in the
Late Cretaceous, although the purest chalks occur
only in the North Sea.
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Characteristic Cretaceous species. A:

Dinoflagellates (marine microplank-

ton). Dimensions: 0.09 – 0.15 mm.

B: Triceratops, a plant-eating
dinosaur that became extinct at the

end of the Cretaceous. C: Mosasaur,
a giant Late Cretaceous marine

reptiles which grew to up to 17 m in

length and weighed up to 20 tonnes.

D: Hesperonis was a giant toothed
seabird with rudimentary wings.

Length: 1.8 m. E: The first

angiosperms (flowering plants) were

very similar to our modern magno-

lias. (Illustration: R.W.Williams)

The Cretaceous climate was warm and humid. On land the dinosaurs reached their evolutionary climax. (Illustration: B. Bocianowski)
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The Cretaceous was characterised by more or less
continuous sedimentation in the North Sea and
Norwegian Sea, but in the north, the Cretaceous suc-
cession is interrupted by several breaks in deposition.

Anoxic conditions
The warm seas were periodically subject to dramatic
blooms of micro-organisms, resulting in high levels
of oxygen consumption in the upper water layers
that in turn led to the development of oxygen-
depleted waters close to the sea floor. Stagnating, or
anoxic, conditions such as these resulted in the for-
mation of black, organic-rich, laminated shales and
fine-grained limestones which occur over vast areas
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Diagram illustrating palaeogeography and the most important sediments on the Norwegian shelf and surrounding areas during the Cretaceous. LEFT: During the Barremian stage (Early

Cretaceous), Oslo was situated at 50o N latitude. Many islands remained following Late Jurassic rifting, and volcanism and magmatic activity were active in the northwest (red) as a precursor to

the opening of the Arctic Ocean. RIGHT: During the Campanian stage (Late Cretaceous), sea levels were extremely high and distances from the Greenland margin to the deep Cretaceous Møre

(MB), Vøring (VB) and Sørvestnaget (SB) Basins were much reduced compared to the Baltic margin. Enormous volumes of sediment were transported into the seaway between Greenland and

Norway and deposited there. A significant proportion of these sediments was derived from Greenland. The Harstad (HB) and Tromsø (TB) Basins were located closer to the Fennoscandian main-

land and derived their sediment from the east.

of the globe and today represent important hydrocar-
bon source rocks. Much of the rich oil accumulations
in the Middle East owe their origins to deposits of
this age. Later in the Late Cretaceous, anoxic condi-
tions became much less common.

The Cretaceous onshore
In Norway, Cretaceous rocks only occur onshore in a
small area on northern Andøya, and in Svalbard.
With the arrival of the oil industry, the geology of
Svalbard, East Greenland, North-east England and
Denmark thus became important reference areas,
providing geologists with the basis for their deposi-
tional models of the continental shelf.
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The Cretaceous was characterised by the infilling
and levelling of the bathymetric features formed by
the major rifting events that occurred at the Jurassic-
Cretaceous transition. This process involved burial
of the block-faulted terrace provinces along the rift
margins, and continuous infilling of the vast basins
located along the rift axis, which was accommodated
by crustal cooling and subsidence following the ear-
lier periods of thinning and extension. The surface at
the base of the Cretaceous sediments thus reflects
the rifted Jurassic landscape, and a map of this sur-
face provides a picture of the major structural ele-
ments on the Norwegian continental margin,
including those formed both by faulting and by
crustal thinning. This map is so deeply rooted in the

minds of petroleum geologists that they will often
describe structural geological features on the shelf in
terms of their expression at the base Cretaceous sur-
face, rather than in relation to present-day sea floor
bathymetry, which is quite different.

Early Cretaceous mudstones
Early Cretaceous sediments in the North Sea are
dominated by mudstones which are in part very car-
bonate-rich, so-called marls, and belong to the
Cromer Knoll Group. This group comprises, in
stratigraphic order from the bottom up, the Åsgard,
Tuxen, Sola and Rødby Formations.

As sea levels rose, the distance from the mainland to
the deep basin axes increased, and the basins thus
received only a very restricted sediment supply from
this source. Mud deposition thus became increasing-
ly dominant, and these fine–grained sediments were
in turn increasingly dominated by carbonate-rich
marls. Such developments are typical of the shallow
intra-platform depressions such as the Stord and
Egersund Basins. Both within and surrounding the
platforms and highs there were periods during the
Early Cretaceous when the supply of clay and silt
particles was so restricted that only almost pure car-
bonate muds were deposited. The resulting lime-
stones and marls are now termed the Mime
Formation.

Almost no Early Cretaceous sand deposits are known
from the North Sea, with the exception of local sand
bodies adjacent to highs or close to prevailing coasts
which are known as the Ran sandstone units.

The Early Cretaceous succession was long regarded as
having little potential as oil and gas reservoirs. Jurassic
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The North Sea –
warm and humid, and far offshore

During the Cretaceous, the “sea of islands” which occupied the North Sea area during the

Late Jurassic gradually became completely submerged, and the rift topography was almost

totally levelled by muds and chalk.
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sandstones and Late Cretaceous chalks represented
the major exploration targets. The discovery of gas in
an Early Cretaceous marine sandstone due west of the
mouth of Nordfjord in Sogn og Fjordane county,
came thus as surprise. The discovery has been named
Agat, and the reservoir sands the Agat Formation.
The find generated a period of intense exploration in
an attempt to discover hydrocarbons in similar Early
Cretaceous sands, although this proved to be in vain.
It is likely that rises in sea levels during the Early
Cretaceous progressively flooded the terrestrial
drainage basins making it impossible for them build
deltas that could help transport sand out into the
basins. We now know of two periods of lowered sea
levels that provide exceptions to this trend, and the
Agat sands were generated by turbidity flows resulting

Chalk cliffs along the French Channel

coast at Etretat, Normandy.

(Photo: ConocoPhillips)

from a delta advance west of the coast of Sogn og
Fjordane county during one of these periods.

Chalk on the sea floor
Sea levels continued to rise into the Late Cretaceous
and vast areas of southern Sweden and Norway,
extending all the way north to the present-day Troms
county, became submerged. Muds and chalk were
deposited in these seas. The Late Cretaceous deposits
of the North Sea belong to the Shetland Group.

The southern North Sea area became progressively
cut off from any terrestrial sediment supply. At the
same time plankton flourished in the warm, sunlit
upper water layers, and this promoted the exceptional
depositional conditions required to produce the pure,



calcareous coccolith muds, or ooze, uncontaminated
by clay particles or sand, that now form the Hod and
Tor Formations. Chalk was formed in the deeper
parts of this sea. In shallower water, organisms per-
manently attached to the sea floor were dominant,
and these produced coarser-grained limestones.

The northern limit of Cretaceous chalk deposition
has not been identified, although its distribution was
most probably limited by the supply of clays into the
sea. Thin chalk units are known to occur as far
north as the Møre Basin, but it disappears towards
the west and north. Here, thick units of marine, cal-
careous muds were deposited, indicating that the
northernmost part of the North Sea area had more
in common with the sedimentary regime in the
Møre Basin in the Norwegian Sea than with the
remainder of the North Sea basin at that time.
Today, these mudstones are known as the Svarte,
Blodøks, Tryggvason, Kyrre and Jorsalfare
Formations.

What is chalk made of?
Chalk is largely composed of calcareous plates, or
coccoliths, derived from a group of planktonic algae,
the coccolithophores, that inhabited the Cretaceous
seas. Each coccolith is made up of a calcareous disc
with a central aperture, which typically measure
between 1 – 10 microns in diameter. Numerous coc-
coliths were permanently affixed to the outer mem-
brane covering these spherical algae, much like fish
scales. It is likely that algal blooms occurred season-

ally, and that during such events, the Cretaceous seas
must have had a greenish-white appearance, similar
to that produced by modern coastal algal blooms.
When the coccolithophores died, the coccoliths
became detached from the membrane, sank to the
sea floor and, in those areas where there was little
supply of other types of sediment such as clays and
sands, formed thick layers of calcareous ooze. These
were later transformed into the chalk deposits that
we recognise today at locations such as Møns Klint
and Stevns Klint in Denmark, and along the famous
white cliffs of Dover and Calais on both sides of the
English Channel.

Two types of chalk
There are two types of chalk deposits. The first is
made up of primary, finely-laminated deposits which
are the direct result of a constant rain of coccoliths
and fine-grained particles onto the sea floor. These
contain interbeds of thin horizons (lamina) of coc-
coliths and a dense, fine-grained, micrite. The sec-
ond type of chalk is composed of re-deposited mate-
rial derived from the primary sediments. Re-deposi-
tion occurred where a combination of bottom cur-
rents and submarine slides eroded the primary strata
from newly-formed highs, and transported the mate-
rial into the deeper parts of the basins. During such
slides the calcareous oozes were sorted, often result-
ing in the removal of silica and clay minerals. The
resulting slump deposits are thus both more homo-
geneous and more porous and than the primary
chalks.
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Coccoliths “raining down” onto the Cretaceous sea floor. The coccolith plates are typically between 1 – 10 microns in diameter. (Illustration: R.W.Williams)
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THE CHALK RESERVOIRS

In order to identify areas with productive chalk reservoirs it is important to understand the geological processes at work during their
deposition, and which have influenced the reworking and removal of impurities from the primary chalk oozes on the sea floor.

Initially, the organisms responsible for the formation of chalk possess an open pore structure. This, together with the ring-like form of the
individual calcareous plates, or coccoliths, and the loosely consolidated stacking of the dead organisms, make primary chalk muds very
porous at the time of deposition. Chalk particles are light and microscopic, and a given mass of chalk ooze contains between 70 and 80
% formation water immediately after deposition. As these become more deeply buried, the pore network is compressed, porosity decreas-
es, and pore fluids are forced out. However, if fluids are prevented from escaping due to some sealing mechanism, pressure within the
pores will increase. This in turn inhibits further compression of the pore network, and some porosity will be preserved.

The Ekofisk Formation, which constitutes much of the reservoir in the Ekofisk field, is composed of re-deposited, secondary chalks com-
prising Late Cretaceous coccolith oozes that were first eroded and then re-deposited during the earliest Cenozoic. During subsidence,
chalk oozes in the Ekofisk area were overlain by an impermeable claystone that prevented formation water from escaping. As a result, all
the giant chalk fields exhibit reservoir pore pressures about 1.4 times higher than normal hydrostatic pressure. Much of the original
porosity has thus been preserved.

In a global context, the Ekofisk area chalk reservoirs exhibit somewhat abnormal properties. With porosities of 50 %, fully one half of the
rock mass is pore space. Under normal conditions we would expect about 10 %. The Ekofisk chalk reservoirs are encountered at between
3,000 and 3,500 m depth. In other parts of the world, and indeed on the Norwegian shelf, properties similar to those recorded at Ekofisk
are encountered at about 1,500 m depth. At 2,000 m depth chalk would normally have been transformed into a lithified limestone.

A rock with high porosity normally also exhibits high permeability – that is, the ability effectively to facilitate fluid flow through the rock
mass. However, the pore spaces in chalks are commonly microscopic and do not inter-connect with each other. In chalk reservoirs, perme-
ability is provided by networks of small fractures. Following burial, the Ekofisk chalks were subjected to salt movements and other crustal
tectonics that folded the rocks into massive domes. In response to this, the kilometre-thick chalk succession behaved as brittle and
porous plates, and highly permeable swarms of fractures were formed in the most deformed zones. In the Ekofisk Formation these zones
thus became both highly porous and permeable, and are now excellent reservoirs.

It appears that only minor differences in composition and depositional history can have enormous consequences for the development of
chalk reservoirs during burial. Silica content in chalks, among other things, is key to determining the development of reservoir characteris-
tics. Chalk composed of 100 % pure carbonate may possess adequate reservoir properties, but even only a few per cent of silica or clay
minerals may render the rock almost totally impermeable.
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Figure illustrating the Ekofisk field chalk reservoirs at micro- and macro-

scopic scales. The electronmicrograph on the left is taken from the core on

the right, recovered from close to 3.5 km below the sea floor. It shows the

porous structure of the Ekofisk reservoir, which is composed mainly of the

remains of dead calcareous organisms. The fracturing in the cores repre-

sents permeable flow conduits for the oil and gas occupying the pores. On

the right is a seismic profile across the Ekofisk field.
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THE EKOFISK FIELD

Ekofisk is Norway’s largest oil field - a giant containing reserves of 530 million m3 of oil and 155 billion m3 of gas. The oil compa-
ny Phillips Petroleum discovered the Ekofisk field in August 1969 after it had spent two licensing rounds exploring without a com-
mercial discovery. Phillips wanted to withdraw, but were obliged to drill an additional well. They had considered paying the
Norwegian state a million dollars to avoid drilling, but they had a fixed contract on a rig that no other company was willing to
take on, and decided to drill all the same. Just as well they did! Their portfolio contained no prospects for which they had high
hopes, but they plumped for the best they could find, which turned out to be a dome structure in the uppermost Cretaceous in
the southernmost part of the Norwegian sector of the North Sea.

The well was spudded on 21 August. One night at the beginning of September they suddenly encountered oil under high pressure.
They managed to recover control of the well, but were unable to collect samples or perform tests. However, they were able to con-
firm a discovery, not in the sandstone that they were looking for, but in a chalk limestone. The next well was also problematic due
to high pressure in the oil zone and it wasn’t until just before Christmas 1969 that they obtained logs, and the spring of 1970
before they managed to perform production tests. By this time Norway had become an “oil nation”.

Early estimates based, among other things, on low measured permeabilities, suggested that it would only be possible to recover
between 16 and 17 % of the oil, and that the maximum rate of production would be about 2,000 barrels per day. When test pro-
duction began it was clear that the field could produce as much as 40,000 barrels a day, and the test results were so spectacular
that the sale of the oil paid for a significant part of the subsequent field development.
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The bathymetric features of the Norwegian Sea,
including the spectacular, coast-parallel, continental
slope, were well-known and described in great detail
many years before the appearance of the oil industry
in Norwegian waters. However, during these years,
no one was aware that the foundations for these
physiographic features had already been laid during
the Cretaceous.

During the earliest Cretaceous the Mid-Norwegian
shelf continued to be dominated by the relict Late
Jurassic Trøndelag Platform and adjacent Halten
Terrace. The interior of the Trøndelag Platform is
occupied by the shallow Cretaceous Helgeland Basin
which is similar in many respects to the intra-plat-
form basins in the North Sea.

The deep basins of the Norwegian Sea
In geological terms, the main difference between the
continental margins of the Norwegian Sea and the
North Sea is the continuous series of deep
Cretaceous sedimentary basins situated west of the
platform and terrace provinces. The continental
slope closely follows the landward margin of these
basins and extends to between 2,000 and 3,000 m
water depth.

The most closely studied of these basins are the
Møre and Vøring Basins, which are located seaward
of Stad in Sogn og Fjordane county, and which
extend north across the Vøring Plateau towards the
Lofoten islands. In the east the basins are bounded
by the coast of the Møre region, the Halten Terrace
and the Trøndelag Platform. To the west they are
delimited by the Møre and Vøring Marginal Highs,

which are basement highs that were overlain by great
suites of lava flows during the early Cenozoic. The
boundary between the two basins is defined by the
extension of the Jan Mayen Lineament, which fur-
ther west evolves into a Cenozoic oceanic transform
fracture zone bearing the same name.

A complete mountain range beneath the sea
The base of Cretaceous sediments is situated at
depths of between 8 and 10 km in the More and
Vøring Basins. In some places, such as in the
Någrind Syncline, which is located in the northern
Vøring Basin along the Jan Mayen Lineament, it
may be as deep as 13-14 km.

Cretaceous sediments alone are between six and nine
kilometres thick, and similar thicknesses are recorded
in the Harstad, Tromsø, and Sørvestnaget Basins fur-
ther north. Since the basins are about 100 km
across, and together extend for a distance of about
1,600 km, the enormous volume of sediment that
accumulated in the depressions between Greenland
and Norway during the Cretaceous is equivalent to
that of an entire mountain range.

The great question remaining to be answered con-
cerns the location of the source of these sediments
during a period that is generally understood to have
been dominated by flat and severely denuded land-
scapes. Where were the mountains and the elevated
provenance areas for these sediments? Petroleum
geologists regard this as an important issue because
the answer will tell us a great deal about the presence
or absence of reservoir and source rocks in these
basins, and the feasibility of further exploration.
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The Norwegian Sea – a sediment
storehouse for Greenland and Norway

Beneath the depths of the Norwegian Sea lies the largest Cretaceous basin on the conti-

nental shelf, filled with enough sediment derived from Greenland and Scandinavia to

reconstruct an entire mountain belt.
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Map showing the main structural

elements in the Norwegian Sea dur-

ing the Jurassic, Cretaceous and

Cenozoic. Wells cited in the text are

marked with white circles and their

well name.
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Tracing of a seismic profile from the

Trøndelag Platform, traversing the

Halten Terrace, Vøring Basin, and

extending westwards to the Møre

Marginal High. Note how the

Cretaceous succession (green) domi-

nates the stratigraphy in the Vøring

Basin west of the Halten Terrace. The

location of the profile is shown as a

blue line in the map above.

6706/11-1

k

Cores from well 6706/11-1 on the

Vema Dome in the Vøring Basin,

showing Late Cretaceous

(Campanian) sand-rich turbidites.

Geologists believe that these tur-

bidites were derived from what was

then the Greenland landmass.



Model of erosion, transport

and deposition during the

Campanian stage of the Late

Cretaceous in the northern

Vøring Basin.
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Well correlation traversing the north-

ern Norwegian Sea from the

Trøndelag Platform in the east to the

Gjallar Ridge in the west. Green indi-

cates mudstones, with sandstones in

yellow. The Lysing Formation may be

correlated from the platform to the

basin, but the thick, younger, “Nise”

sands are only present in the basin.

We can also see several sand-rich

horizons overlain by the Lysing

Formation on the Trøndelag

Platform, but these become thinner

towards the west. In the Vøring

Basin, no wells have penetrated

deeper than the base of the Lysing

Formation. The correlation is marked

as a red line on the map on the pre-

vious page.

The Early Cretaceous – knowns and unknowns
During the Early Cretaceous, the Halten Terrace was
submerged beneath a shallow sea. Muds deposited
here are now termed the Lange Formation. In the
interior of the Halten Terrace, mudstone deposits are
only tens of metres thick, whereas out in the
Norwegian Sea, the same mudstones are many hun-
dreds of metres thick. The lowermost deposits are
calcareous and are termed the Lyr Formation.

To date, we have no direct evidence of what kind of
rocks occur in the deeper parts of the Møre and
Vøring Basins since no wells have been drilled to the
Early Cretaceous. However, we find sand-rich deltaic
and fluvial deposits of early Cretaceous age in both
East Greenland and in Svalbard, which were located
at the basin margins. In the Early Cretaceous the
north-western extremity of the Barents Sea Platform
and, most probably, much of Greenland, were uplift-
ed following rifting and the initial stages of sea-floor
spreading in the Arctic Ocean and the Labrador Sea.

It is thus quite likely that Greenland was the major
source area for the sediments now infilling the Early
Cretaceous Norwegian Sea basins.

It is probable that sediments of this type were also
deposited along the Scandinavian coast, but it is likely
that this area acted only as a temporary holding area
for the sand. In any event, they were not preserved
beyond the Late Cretaceous because the area was
uplifted and eroded, and the material transported fur-
ther out into the deeper basins where it was re-
deposited as turbidites and other forms of gravity-
displaced deposits. However, Early Cretaceous sand-
stones are found on the western flank of the Nordland
Ridge. These are termed the Lange Formation, and
were probably eroded and transported within a local
depositional system adjacent to the ridge itself.

Late Cretaceous sands
During the Late Cretaceous, thick units of marine
muds were deposited in most of the Møre Basin and



the southernmost part of the Vøring Basin, and
these are now affiliated to the upper parts of the
Lange, Kvitnos, Nise and Springar Formations. In
contrast, sands were deposited in the eastern part of
the Møre Basin during the latest Cretaceous. These
now constitute a minor reservoir in the gigantic
Ormen Lange gas field, and have been termed
Jorsalfare Formation.

However, thick Late Cretaceous sandstones are
encountered in the northern part of the Norwegian
Sea. The first deep-water well in the Norwegian Sea
was drilled on the Nyk High in the northern part of
the Vøring Basin. The target was a fault block which
some geologists believe was generated from a Late
Cretaceous sandstone unit, and which contains a so-
called “flat spot”.

A “flat spot” is a horizontal seismic reflector which
in many cases is generated by the contact between
gas located in a reservoir, and the fluid below it. A
flat spot is thus an expression both of the presence of
a hydrocarbon accumulation, most probably gas,
and of a porous reservoir, in this case most probably

a sandstone. The well confirmed that this was the
case. Beneath the gas-cap the well encountered
1,200 m of sand-rich Late Cretaceous strata. Thick
sands were also encountered in the neighbouring
Vema Dome, and further to the west in the Gjallar
Ridge.

Studies of sand grains from the Late Cretaceous in
the northern Vøring Basin indicate that they were
derived from basement rocks native to Greenland.
During the Late Cretaceous these areas must have
been uplifted relatively rapidly and have remained
elevated for a prolonged period, acting as a source
for sands that were later transported out into the
basin by turbidity currents, and which now form
excellent potential reservoirs.
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Seismic data illustrating flat spots on

the Nyk High in the Vøring Basin. A

flat spot is a seismic reflector gener-

ated by the contact between a gas-

cap, or light oil, and underlying for-

mation waters. To the right in Figure

a) we see details of the flat spot

across the gas discovery made by

well 6707/10-1. To the left, and a lit-

tle deeper, we see a smaller flat spot

indicating the presence of additional

gas. Figure b) gives an impression of

the depth of the flat spots on the

Nyk High.
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CRUSTAL STRETCHING AND SOURCE ROCK MATURATION

Uncertainties surrounding source rocks and the mechanisms driving the generation and migration of hydrocarbons in the
deep Cretaceous basins have led the oil industry to conduct detailed studies into how the deep crust has been deformed,
and the nature of crustal temperature variations during basin formation. In order to do this they required refraction seismic
data, among other things, which provides a means of imaging the deeper crust. A seismic profile extending westwards
from the mainland and into the Vøring Basin demonstrates that primary crystalline continental crustal thicknesses vary from
about 25 km beneath the Trøndelag Platform to between 3 and 5 km in the deepest parts of the basin, and back to
between 15 and 20 km beneath the Vøring Marginal High. This means that during the main Late Jurassic-Early Cretaceous
rifting phase, the crust beneath the new basins was stretched and thinned by between 500 and 600 %. This must have
resulted in abnormally high temperature gradients and high heat flow within the remaining, thinned crust.

As its base subsided, the basin became progressively infilled with sediments. Finally, a new equilibrium was established under
which the thickness of the sediments compensated for crustal thinning, and the temperature gradient was stabilised at nor-
mal levels. New equilibria of this type are normally established about 60 million years after major rifting events have ceased.

The Møre Basin appears to have behaved quite normally and has remained passive since subsidence ceased. In contrast,
the Vøring Basin had only recently completed the subsidence process and established a new state of equilibrium before
rifting was renewed in the west during the latter part of the Late Cretaceous. This event was centred west of the Vøring
Marginal High, where the continental crust finally fractured completely prior to the initiation of sea-floor spreading (see
Chapter 14). However, before this process was completed, rifting induced the formation of a new system of rotated and
tilted fault blocks, analogous to the previous Jurassic rift structure. Today, we can observe this very clearly in the west of
the Vøring Basin, most notably along the Gjallar Ridge and close to the Hel Graben.
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Thick late Cretaceous sandstones are also found on
the northern flank of the Trøndelag Platform in the
outer parts of Vestfjord. The sandstones were most
probably derived from an old high to the north-east
and are not affiliated to the sandstones in the north-
ern Vøring Basin, thus demonstrating that parts of
the Scandinavian mainland were also uplifted and
eroded as a result of Late Cretaceous tectonics.

Sandstones are also encountered within the Lysing
and Nise Formations on the western flank of the
Nordland Ridge, which geologists believe acted as a
local provenance for these sediments.

The quest for a Cretaceous source rock
The Norwegian Sea basins may contain source rocks
of Late Jurassic age, but if so they are probably
buried too deep to be able to generate oil and gas at
the present day. Over the greater part of the Møre
and Vøring Basins, Late Jurassic source rocks proba-
bly reached depths suitable for oil and gas generation
as early as the Cretaceous. However, traces of hydro-
carbons were encountered on the Nyk High, indicat-
ing that oil previously generated by a Late Jurassic
source may have been thermally cracked to gas as the
basin gradually subsided to greater depths during the
Cretaceous. The alternative explanation is that there
exists a shallower source rock within the Cretaceous
succession itself.
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Two horizons of black, organic-rich, marine mud-
stones are encountered over large areas of the
Atlantic Ocean. One of these occurs in the middle
part of the Early Cretaceous and the other in the
lower part of the Late Cretaceous. These may be
present in the Møre and Vøring Basins, but no wells
have as yet penetrated deep enough to confirm this.

However, there are many indications that Cretaceous
source rocks may be present and have generated oil
in both the Vøring and Møre Basins. With the help
of advanced analytical methods, geochemists are able
to trace which organisms provide the basis for the
source of any given oil that has migrated into a
reservoir. Certain key organisms produce biomarkers
that can be traced to their respective plant or animal
groups, and some of these, such as the angiosperms,
are age-specific.

Analyses of oils from several wells in the Vøring and
Møre Basins indicate that Cretaceous organisms
have indeed contributed to oil generation.
Conclusive confirmation of the presence of a rich
and persistent Late Cretaceous source rock in the
Norwegian Sea, and possibly also in the Harstad and
Sørvestnaget Basins, will provide an important
breakthrough for further oil exploration in these
areas.

Schematic diagram illustrating the

different environmental factors

which may contribute to source rock

formation. Such factors may occur

on a more or less local scale, and be

time-limited. It is likely that several

of these factors may have acted

together to produce source rocks in

the Vøring Basin during the

Cretaceous. (Figure modified after

N. Mills)
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The Barents Sea platforms are bounded in the west
by the deep Cretaceous Harstad, Tromsø and
Sørvestnaget Basins, in the same way as the
Trøndelag Platform is bounded by the Møre and
Vøring Basins further south. At the platform mar-
gins adjacent to these deep basins we find relatively
shallow rifts such as the Late Jurassic-Early

Cretaceous Hammerfest and Bjørnøya Basins. These
represent two divergent rift arms, both of which
continued to subside during much of the Early
Cretaceous, and thus represent relics of the Atlantic
Ocean’s attempt to force its way north-eastwards
through the Barents Sea.

So much for the attempt! Having met its match
against the massive Barents Sea platform, the
Atlantic rift advanced no further, and instead chose
the path of least resistance. Rifting and crustal exten-
sion chose to follow a zone of crustal weakness run-
ning along the continental slope at the western mar-
gin of the Barents Sea, extending past Svalbard
northwards into the Eurasian Basin in the Arctic
Ocean. Thus the Eurasian Basin located north of
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The Barents Sea – where
the Atlantic met its match

The Barents Sea area was a large platform province during the Cretaceous, and as such

represents a larger version of the Trøndelag and Hordaland Platforms further south.

RIGHT: Palaeogeography and deposi-

tional environments in the Barents

Sea during the Barremian stage of the

Early Cretaceous. At this time the

Barents Sea was occupied by a shal-

low sea, with large islands in the

areas of the present Loppa High and

Bjørnøya. (Figure after A. Nøttvedt

et al.)
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Svalbard became the site of sea-floor spreading dur-
ing the Cenozoic.

Rifting and crustal stretching between Norway and
Greenland continued into the Late Cretaceous. This
caused the Barents platform, together with Svalbard, to
move laterally past northern Greenland along a zone of
weakness situated between the platform and the deep
Cretaceous basins. During the Cenozoic, this zone
developed into a transform fault zone and eventually
evolved into the new plate boundary between northern
Greenland and the Barents Sea (see Chapter 14).

Extensive uplift and erosion
In the Barents Sea, Cretaceous rocks have been
removed over large areas following uplift and subse-
quent erosion, and this somewhat limits our ability
to analyse the Cretaceous depositional history of the
Barents Shelf. This characteristic distinguishes the
Barents Sea platform from its analogues in the
Norwegian Sea and the North Sea. Even though
much of the erosion was a consequence of the uplift
of the entire Barents Sea during the last 2.5 million
years, it has been demonstrated that significant uplift
and erosion also occurred during the Cretaceous.

However, a Cretaceous succession some few hun-
dreds of metres thick has been preserved in shallow,
saucer-shaped, intra-platform depressions such as the
Olga and Sørkapp Basins. Here, Cretaceous sedi-
ments are thicker than elsewhere on the platform,
and these basins are thus analogous to the Helgeland
Basin on the Trøndelag Platform.

Muds and chalk in the south
Early Cretaceous rifting in the Hammerfest and
Bjørnøya Basins led to increased subsidence and the
development of deeper water in these areas, where
calcareous marine muds continued to be deposited.
Today, these deposits are termed the Knurr
Formation. With time these muds became less cal-
careous, and the resulting mudstones are termed the
Kolje and Kolmule Formations.

The Loppa High stood emergent between the two
basins and was subject to erosion. Sand fans were
formed within the Hammerfest Basin along the fault
escarpment at the southern margin of the Loppa High.

During the Late Cretaceous, rifting in the
Hammerfest and Bjørnøya Basins ceased, and water
depths across the southern central Barents Shelf
became somewhat shallower. The shallow seas

became the sites of chalk and marl deposition, and
these beds now form the Kviting Formation.

During the Cretaceous, it is likely that sands and muds
were also deposited in shallow seas that encroached
across what is now mainland Norway, together with
large areas of northern Scandinavia, Finland and
northern Russia. Reservoirs in the gigantic western
Siberian oil fields are derived from this period. In the
Hammerfest and Tromsø Basins we encounter erosion-
al structures and submarine sand fans of Cretaceous
age closely adjacent to the coasts of Troms and
Finnmark. It is likely that these sediments were trans-
ported out into the basins from mainland Norway.

The Early Cretaceous in Svalbard
In Svalbard we can study much of the Early
Cretaceous stratigraphy on land. These strata out-
crop for the most part south of Isfjorden on
Spitsbergen, and on the Kong Karls Land archipela-
go in the east. These rocks are generally representa-
tive of the Early Cretaceous in the north-western
extremity of the Barents Sea, where Svalbard is locat-
ed. Further east they are less representative, even
though gross similarities can be recognised.

At the onset of the Cretaceous the entire area was
occupied by a shallow sea where dark-coloured
marine muds, and later some sands which now form
the upper part of the Rurikfjellet Formation, were
deposited. They are severely bioturbated by burrow-
ing organisms, indicating that bottom sediments
were well oxygenated. The strata become sandier in
the upper part as a result of a progressive coastal

Columnar basalts on Kongsøya, Kong

Karls Land. (Photo: A. Nøttvedt)

Early Cretaceous fossils from

Svalbard. UPPER: The ammonite

Arcthoplites jachromensis, from the

Carolinefjellet Formation, Tromsø-

breen, Svalbard. The picture is

approx. 20 cm across.

LOWER: The ammonite Hoplites sval-
bardensis, from the Carolinefjellet

Formation, Jemilianovbreen,

Svalbard. The picture is approx 20

cm across. (Photos: H.A. Nakrem)
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THE END OF THE CRETACOUS AND ONSET OF THE CENOZOIC

The Cretaceous came to an abrupt and dramatic close some 65 million years ago. Within a span of no more than a few hundreds of thousands of years at
the transition to the Cenozoic, ecosystems collapsed entirely resulting in a reduction of 65 % in the planet’s biological diversity. The most conspicuous event
was the disappearance of the dinosaurs, but the most dramatic effects were felt in the marine environment, where all tropical and subtropical planktonic
foraminifera became extinct, thus dramatically reducing the planet’s capacity for primary biological production. This collapse was probably the result of the
almost simultaneous, but coincidental, occurrence of several catastrophic events, each of which placed life on Earth under tremendous strain. Firstly, there
was a prolonged period of violent volcanic activity which resulted in the eruption of vast expanses of plateau basalts in northern India, the so-called
“Deccan Traps”. This caused colossal volumes of ash and CO2 to be discharged into the atmosphere. More than 2,000 m of lava and ash were deposited
over a 500,000 km2 area, equivalent to one and a half times Norway’s total land area. The ash and gas resulted in significant short-term climate change
starting with cooling as the ash clouds blocked out the sunlight, followed by warming as the result of the “greenhouse” effect. There probably occurred
several such dramatic cycles at this time.

Secondly, it has now been shown that a few hundred thousand years after the eruptions began, the Earth was impacted by a giant meteorite. It likely meas-
ured some 10 km in diameter and released energy equivalent to about 100 million tonnes of TNT, the probable equivalent of six million times that released
by the eruption of the Mount St. Helens volcano in 1980. The explosion following the impact threw enormous quantities of dust into the atmosphere and
instantly converted surface limestones to CO2 . Again, sufficient dust and gas was generated to promote sudden and dramatic climate changes that desta-
bilised the ecosystems. The dust from the explosion contained much larger concentrations of the element iridium than normally occur on Earth, and
increased levels of iridium in sediments allow us accurately to trace this event. The so-called “iridium anomaly” defines the Cretaceous-Tertiary boundary
across the entire planet. At the Stevns Klint locality in Denmark, this horizon is represented by a blackish-grey marl.

When the 145-180 km-diameter Chicxulub crater was discovered on the Yucatan peninsula in Mexico, it was widely supposed to mark the site of the
impact that generated the global iridium anomaly at the Cretaceous-Cenozoic boundary. However, some researchers now argue that this impact occurred

about 300,000 years earlier, and that it had a less catastrophic effect on the planet’s ecosystems
than was previously thought. Evidence for another impact, and the cause of the mass extinction and
iridium anomaly in the form of an even larger crater, however, has yet to be discovered.

External influences resulting from volcanism, meteorite impact and climate change acted in combina-
tion with plate tectonic developments, which also caused changes in environment and physiography.
Just as plate movements influenced the conditions that determined climatic and topographic evolu-
tion during the Cretaceous, it was the same plate tectonic processes that finally brought them to a
close. Towards the end of the Cretaceous, sea-floor spreading rates had slowed somewhat and
crustal tectonics both within, and adjacent to, the continental landmasses were revitalised. This
resulted in a relative lowering of sea levels, while at the same time accentuating topographic relief.
This meant that, on the Norwegian shelf, among other things, the chalk seas of the North Sea basin
became more restricted as the basin margins were uplifted. As a result, terrestrial erosion became
more active resulting in an increase in the transport of sand and clays into the basins, bringing to an
abrupt end conditions favourable for chalk deposition that had initially persisted into the earliest
Cenozoic.

(Illustration: D. Davis)

advance from north to south that was promoted by
uplift of the northern part of Svalbard.

The opening of the Amerasian Basin
We know that the Amerasian Basin in the present
Arctic Ocean opened during the Early Cretaceous by
a combination of rifting and sea-floor spreading.
This resulted in uplift and gentle tilting of the basin
margin along the north-western Barents Sea
Platform, followed by the eruption of lavas in the
area between Franz Josef Land, Svalbard and

Ellesmere Island in Canada. These lavas can be seen
today on Kong Karls Land, although human activity
is now strictly prohibited in the interests of polar
bear habitat conservation.

Elevated areas were subject to erosion, and the result-
ing sediments were deposited on a coastal plain that
built out from western and northern Svalbard towards
the south. The same source areas must also have sup-
plied the deep Sørvestnaget Basin with enormous vol-
umes of sediment during the Early Cretaceous. Sand-



The Festningen locality in outer

Isfjord, showing the vertically-bed-

ded Festningen sandstone member

extending out into the fjord as an

array of “battlements”. The beds

flanking the sandstone contain high-

er proportions of fine-grained mate-

rial and are less resistant to erosion.

INSET: Aerial view of the Festningen

locality and the Festningen sand-

stone member. In the background in

the east, we can see the Russian set-

tlement at Barentsburg. (Photos: A.

Nøttvedt)

Footprints of a medium-sized preda-

tory dinosaur in the Festningen

sandstone member at Kvalvågen on

eastern Spitsbergen.

(Photo: A. Mørk)

rich units uppermost in the Rurikfjellet Formation
were deposited at an early stage in shallow marine set-
tings seaward of the coastal advance.

The Festningen sandstone
The process of coastal outbuilding was counteracted
by global rises in sea level which slowly forced the
coastline to retreat back across the eroded area to the
north. During the retreat, alternating sands and cal-
careous muds were deposited in coastal settings and
on the coastal plain, and the resulting rocks now
belong to the Helvetiafjellet Formation. The devel-
opment of this formation is somewhat reminiscent
of the evolution of the Jurassic Tarbert Formation on
the Brent delta in the North Sea.

As the coastline retreated northwards, local estuarine
sediments were reworked, sorted, and re-deposited as
a sheet of sand and mud deposits, now termed the
Festningen sandstone member, which is the lower-
most sandstone within the Helvetiafjellet Formation.
It was named after the Festningen locality in outer
Isfjorden on Spitsbergen, where the vertically-bedded
sandstone beds form a battlement-like wall facing
the sea. The footprints of both plant-eating and car-
nivorous dinosaurs have been found in these beds.

On Spitsbergen, a marked colour transition is
recorded higher in the Helvetiafjellet Formation suc-
cession, at which the sandstones change from white
and pale-grey at the base to a dirty greyish-green
colour in the uppermost strata. This is the result of
volcanic material mixing with the prevailing deltaic
sediments. The volcanic material is derived from

major eruptions mentioned above, that were taking
place further north, and to the east on Franz Josef
Land, Kong Karls Land and on northern Ellesmere
Island. During this event, massive bedding-parallel
sill intrusions were emplaced in the central and east-
ern parts of Spitsbergen, and on the islands of
Edgeøya and Barentsøya.

A sea level rise – followed by uplift
Following the retreat of the coastline, the Svalbard
area was occupied by a shallow sea, where a thick
succession of muds and sands were deposited. These
belong to the Carolinefjellet Formation, and contain
structures indicating periodic disturbance by turbu-
lent water and violent storms. These strata include
thick sandstones deposited in relatively shallow
water, interbedded with deeper-water mudstones.
Each of the thickest units displays rhythmic varia-
tions resulting from minor variations in both sea
level and sediment supply into the basin.

Cretaceous deposits on Spitsbergen thin from more
than 1 km in the south to 300 m in the north, as a
result of uplift of the north-
ern part of Spitsbergen
which was more severely
tilted during the Late
Cretaceous. This in turn
served to intensify erosion
in the north. Uplift was the
result of new tectonic
movements and increased
heat flow along the north-
western part of the Barents
shelf, linked to the opening
of the Arctic Ocean.
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