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From desert to alluvial plain –
from land to sea
TRIASSIC; 251–200 MILLION YEARS AGO

During the Triassic, northern Europe and Norway
were part of the supercontinent Pangaea, bounded in
the north where Svalbard and the Barents Sea are
located today by the Boreal Sea. A sea-arm extended
to the south between present-day Norway and
Greenland, while the North Sea as we know it was
dry land, occupied by deserts at first, and later by
vast alluvial plains. Today, fluvial sandstones from
this period are productive oil reservoirs. During the
Triassic, animal and plant life evolved in new directions following the mass extinction at the transition
from the Permian to the Triassic.

The Triassic succession at Andrétangen on the south-eastern tip of Edgeøya
comprises a series of sandstone bodies interbedded with marine
mudstones. The sandstones were deposited in deltas that built out into the
shallow Boreal Ocean during the Late Triassic. The wave-smoothed rocks in
the foreground are diabase intrusions that pierced into the Triassic deposits
during the latest Jurassic and earliest Cretaceous. (Photo: A. Nøttvedt)

Early Triassic plate reconstruction.
Norway’s location in yellow.
(Illustration: R. Blakey)

TRIASSIC
251–200 million years ago
At the onset of the Triassic, the Pangaean continent began to fragment.
The Tethys Ocean opened in a westerly direction from the present-day Middle East and separated
the new Europe from Africa. Rift basins and lowlands were formed in Northwest Europe, and between
Norway and Greenland. In the far north, Pangaea was bounded by the then global
Panthalassa sea, the forerunner of the modern Pacific Ocean.

Introduction
During the Triassic, Norway was mostly dry land except for its most northerly regions.
The hot climate that dominated during the Permian continued into the Triassic, but
extensive plate movements led to a progressively more humid climatic regime and
changed conditions for life on Earth.
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he break-up of Pangaea during the Triassic marked the beginning of the end for the last of the Earth’s
great supercontinents, where the Earth’s landmasses were fused together as one great continent. This
chapter deals with how continental break-up and associated crustal movements directly and indirectly influenced the geological development of Norway and the Norwegian shelf.

In the North Sea and the Norwegian Sea, crustal movements that had begun in the Late Permian continued
into the Early Triassic. Crustal extension and the formation of rift basins between Norway and Greenland
attempted to divide Pangaea along a zone of weakness where the ancient Iapetus Ocean earlier had been
closed at the end of the Silurian period during the formation of the Caledonian mountain belt. The North
and Norwegian Seas were mostly dry land during the Triassic, just as in the Permian, but rifting allowed the
northern Boreal Sea to extend southwards onto the present-day Mid-Norwegian shelf.
During the Early Triassic the climate continued to be hot and dry, but it became progressively
more humid towards the end of the Triassic. On land, hot climatic conditions promoted intense weathering and oxidation, and gravel, sand and red-coloured mud were
deposited in continental and marine basins, in marked contrast to the sediments
currently being deposited in basins in and around Norway today.
Panthalassa

Russia
Asia

North
America

South
America

Europe

Palaeo
Tethys Ocean

elt
tain b
moun

P A
N G

ian
ercyn

A E
A

Green- Norway
land

The H

Life continued to evolve following the catastrophic mass extinction at the end of
the Permian. While some of the first dinosaurs roamed across the land areas now
occupied by the present-day North Sea basin, ichthyosaurs and pleisiosaurs ruled the
Boreal Sea in the north.

Reconstruction of the continental
landmasses 240 million years ago
during the Early Triassic. The continents are shown in brown, continental shelves in light blue, and oceanic
crust in dark blue.
(Illustration: R. Blakey)
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Dry land and new life forms
For most of the Triassic, the climate was hot and dry over much of the Earth’s surface.
The Triassic saw the appearance of many new life forms following the mass extinction
at the end of the Permian.

Reconstruction of climatic zones during the Triassic. Initially, Norway was
situated north of the equator in the
arid climatic zone, but gradually
drifted into the warm temperate
zone. (Figure modified after
C. Scotese)

Fossils from the Triassic in Svalbard.
A. Fish jaw, Saurichthys, from the
Vikinghøgda Formation,
Stensiøfjellet, Svalbard. Length:
15 centimetres. B. Ichthyosaur backbone from the Vikinghøgda
Formation, Sassendalen, Svalbard.
Length: 16 centimetres. C. Longnosed amphibian skull of
Aphaneramma rostratum from the
Vikinghøgda Formation, Stensiøfjellet, Svalbard. Length: 26 centimetres. D. The ammonoid
Amphipopanoceras jf. medium, from
the Botneheia Formation,
Wallenbergfjellet, Svalbard. In this
example the outer shell has been
removed to reveal the chamber walls
composed of phosphate, and the calcite-filled chambers. Diameter:
2.3 centimetres. E. The same
ammonoid as above, but here the
calcite in the chambers has been
removed by acid treatment leaving
only the chamber walls. (Photos A–C:
H.A. Nakrem; Photos D–E: W.
Weitschat)
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At the onset of the Triassic, Norway was situated in
inhospitable. At higher latitudes, there was probably
the sub-tropical zone between 25 and 40 degrees
more rain and more permanent vegetation cover.
north of the equator. Annual seasonal climatic variations were characterised by a short rainy season with
The Pangaean plate drifted northwards during the
heavy downpours, followed by longer periods of
Triassic. The break-up of Pangaea and the formation
high temperatures and drought,
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zone where conditions became more humid,
although it continued to be hot, even in those areas
close to the northern Boreal Sea. Climate change
resulted in denser vegetation cover on land,
increased chemical weathering and the production of
increased volumes of clay minerals and quartz sand
that were transported into the sedimentary basins.
The first dinosaurs and mammals
Suddenly, at the end of the Permian, an abundant
number of life forms became extinct (see Chapter 9).
This mass extinction was followed in the Triassic by
the gradual evolution of several new species that
occupied the vacant ecological niches. Species diversity increased rapidly in the oceans. Along with fish,
coiled, squid-like ammonoids and bivalves were the
dominant animals, together with a variety of creatures that left only the traces of their burrowing and
crawling activities. Some species of lamp-shells, the
brachiopods, survived into the Triassic. The ancient
coral families died out at the end of the Permian and
were replaced by new forms of corals.
Land animals also underwent dramatic evolutionary
development during the Triassic. At the beginning of
the Triassic the amphibians, such as frogs, toads and
salamanders were succeeded by reptiles as the most
dominant land animals. The first fossil remains of
crocodiles and turtles are found in Triassic rocks.
Towards the end of the Triassic, the first dinosaurs
and mammals appeared. In contrast to other reptiles,

the dinosaurs typically moved with an upright gait,
and by the end of the Triassic they had become the
dominant land animals on Earth and had evolved into
a wide diversity of both plant-eating and predatory
animals. The mammals and the dinosaurs had both
evolved from pre-Triassic reptiles. The mammals were
small, insignificant, and similar in size and appearance
to shrews. They inhabited thick vegetation, well-hidden from the carnivorous dinosaurs and predators. It
is from these small, frail Triassic mammals that we
humans and all other mammals are descended!

The first dinosaurs and mammals
evolved during the Triassic.
(Illustration: B. Bocianowski)

The pterosaurs, ruled the air during the Triassic. In
the oceans, the ichthyosaurs appeared. These dolphin-like reptiles could be up to nine metres long
and ruled the oceans and shallow seas together with
the pleisiosaurs. Flying and aquatic reptiles continued
to evolve during the Jurassic, when they became even
more common than in the Triassic. The skeletons of
ichthyosaurs and plesiosaurs are common in Triassic
and Jurassic mudstones in Svalbard (see Chapter 12).
Triassic plant life consisted mainly of pteridophytes
(ferns, club mosses, and horsetails), together with
gymnosperms (such as seed ferns), conifers, the treeand bush-like cycadophytes (bennettitales and cycads)
and ginkgophytes. These also flourished on mainland
Norway, as is demonstrated by the rich flora of fossil
spores and pollen found in the continental shelf
deposits and in Svalbard.
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In Norway, Triassic sedimentary rocks are preserved
only on the shelf beyond the present coastline and in
Svalbard, although some diabase dykes in southwestern Norway may have been intruded during the
Triassic in connection with the extensional break-up.
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In some periods, the area between Norway and
Greenland became an elongated marine gulf extending from the north, and marine mud deposits are
thus common in Triassic successions of both the
Norwegian and Barents Seas. In the Middle Triassic,
however, stratified sand and mud were deposited on
alluvial plains in the Norwegian Sea, similar to those
in the North Sea, while marine mud continued to be
deposited in the Barents Sea and in Svalbard. In the
Late Triassic, the present Norwegian Sea again
became a shallow sea, and the lowermost Late
Triassic succession comprises marine mud and salt
deposits. These are overlain by a thick mud succession, deposited in a vast lake. The Triassic ended
with vast areas of the present Norwegian continental
shelf from north to south becoming dry land characterised by alluvial deposits, while marine sand and
mud deposition continued to dominate in the western Barents Sea and in Svalbard.

Latest Triassic

Late Triassic

A

New land and new basins
The northern North Sea area was dominated by dry
land throughout the Triassic, and was surrounded by
the hills and low-lying mountains of mainland
Norway, the British Isles, Greenland and Central
Europe. North Sea basin sediments of this period are
characterised by the sands, gravels and muds transported from these elevated areas.

Middle Triassic

Early Triassic

UPPER LEFT: Diagram illustrating palaeogeography and the most important sediment types in north-western Europe during the Triassic. Most of
north-western Europe and Greenland were dry land and located on the
same lithospheric plate attached to the supercontinent Pangaea.
Periodically, sea water flooded parts of the land areas creating vast
embayments in the north and southeast. (Figure modified from the
Millennium Atlas)
Deposits absent (hiatus/unconformity)
Alluvial fan sandstone and conglomerate
Alluvial plain sandstone and mudstone
Lacustrine mudstone
Desert – sandstone and mudstone
Coastal and shallow marine sandstone
Marine mudstone
Limestone
Salt
Organic-rich deposits
Coal-bearing deposits

Stratigraphic columns of the Triassic system from the continental shelf
regions and Svalbard. The names denote geological Groups (vertical text)
and Formations. The Triassic is dominated by alluvial plain sands and muds
in the south and in the Norwegian Sea, whereas the Barents Sea and
Svalbardian successions contain thick marine mudstones.

Head of the short-nosed temnospondyl amphibian Lyrocephaliscus euri
from the Early Triassic in Svalbard. The skull was extracted from a calcareous concretion using formic acid. The phosphate-bearing skeletal material
remains because it is insoluble in the acid. The bones are stabilised
throughout this process using various plastics and glues. The fossil is 15
centimetres in length. (Photo: H.A. Nakrem)

The North Sea land area
Throughout most of the Triassic, much of the North Sea area was dry land. Periodically, the
southern North Sea area was a marine embayment, while the northern region comprised
several minor continental rift basins.

During the formation of the North
Sea rift basins during the Triassic and
Jurassic, the basement rocks of the
outermost regions of south-western
Norway became pervaded with
north-south trending fractures, such
as here on Hisarøy in Gulen.
Tensional forces in the crust resulted
in the granitic basement rocks being
pervaded by closely-spaced joints
and fissures. The picture is taken
from the south looking north.
(Photo: T. Walman)
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During the Permian, the North Sea area was subdivided into distinct southern and northern basins by an
east-west trending elongated high (see Chapter 8). The
full name of this ridge is the “Mid-North SeaRingkøbing-Fyn High”, but is simply referred to here
as the Mid-North Sea High. At the end of the
Permian, the two basins were filled by thick salt
deposits. During the Triassic, the area south of the
Mid-North Sea High evolved into a vast, continuous
basin, characterised predominantly by continental, but
periodically also shallow marine, environments. The
basin gently subsided during the Triassic, without
major fault movements. In contrast, north of the MidNorth Sea High, crustal extension that had begun at
the end of the Permian continued into the Triassic.

up direction is well demonstrated in the coastal
regions of south-western Norway. Fault blocks subsided and formed basins that were then infilled with
sediments, while elevated blocks were eroded. The
basins were commonly half-grabens, with a single
dominant fault along one flank, between 20 and 30
kilometres wide and several tens of kilometres in
length. Such fault blocks are now well displayed on
North Sea seismic profiles. Several basins and highs of
this type combined to produce a rift valley between
Norway and Britain that was up to four hundred
kilometres in length. It was bounded by a platform
area combining the present-day Shetland Islands in
the west and the great Øygarden Fault, following the
coast of south-western Norway, in the east.

Most of the Triassic faults in the northern North Sea
exhibit an approximate north-south trend. The break-

At the beginning of the Triassic the basins were distinct, but towards the end of the Triassic they subsided

E

to form a single, broad, continuous alluvial plain. Rock,
gravel, sand and mud were deposited in the basins,
and these deposits later became important oil reservoirs.
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Triassic – the tripartite succession of Northwest Europe
The Triassic succession developed south of the MidNorth Sea High is divided into three parts. Firstly, a
thick succession of sand and mud, termed the
Bunter Sandstone and Bunter shale, respectively, was
deposited on alluvial plains and in lakes and shallow
marine settings. During the Middle Triassic, subsidence caused the flooding of the alluvial plains by a
shallow sea, where carbonate mud, rich in bivalve
shells and thin salt beds, was deposited. These are
now known as the Muschelkalk. In the Late Triassic,
the area again became dry land, albeit subject to
episodic flooding by the sea, and resulted in the deposition of sand and mud alternating with salt beds.
These are termed the Keuper evaporites. The name
Triassic (“three parts”) is derived from this tripartite
division. Rivers running through the area on the
southern flank of the Mid-North Sea High flowed
into a marine embayment that extended north-westwards across Denmark and Germany from the Tethys
Ocean situated in southeast Europe. The embayment
followed a pronounced fault zone, the SorgenfreiTornquist Zone, which is a major European geological boundary (see Chapters 4 and 8). In the British
Isles, Triassic strata are easily recognised by their
intensely red-coloured sandstones, mudstones and
conglomerates. As a result of their colour they,
together with similar Permian red sandstones, have
been called the “New Red Sandstone”, to distinguish
them from the “Old Red” Devonian sandstone.
An inhospitable land beneath the North Sea
The evolution of the northern North Sea region,
situated north of the Mid-North Sea High, differs
from that in the south. This area was dry land
throughout the Triassic, and is referred to in the following as the North Sea land area, large areas of
which extend into Norwegian territory. Its northern
boundary was located to the west of the present-day
Sunnmøre region.
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Palaeogeography and depositional
environments in the North Sea area
during the Early and Late Triassic.
Alluvial plains and occasional lakes
covered the North Sea area at this
time. (Figure modified from the
Millennium Atlas)

THE “NEW RED SANDSTONE”
The “New Red Sandstone” is a collective term for red Permian and Triassic strata, and
stands in contrast to the “Old Red Sandstone” of Devonian age. The term is originally of
British origin, and is used mainly in connection with red Triassic rock successions that are
overlain by black Jurassic mudstones across large areas of central England. However, the
New Red Sandstone is also a somewhat approximate term, since although the English
Triassic system does indeed comprise mostly red sandstones, these are interbedded with
salt and gypsum, and the uppermost strata are made up of red mudstones.
Along the coast of Devon in southwest England, the New Red Sandstone is exposed in
spectacular red coastal cliffs, and these colourful formations are a great attraction along this
stretch of coastline. The English Triassic strata are entirely similar to those encountered on
the Norwegian shelf, and sediments of this type probably covered parts of the Norwegian
mainland before being eroded away and transported onto the shelf during the Jurassic.
In the British Isles, the New Red Sandstone has been used as a building stone for centuries. It is resistant to weathering and building facades and gateways made of sandstone
blocks with their multi-directional cross-bedding adorn many towns and villages in central
England.
The sandstone in the picture is a
building stone called Red St. Bees
from Birkhams Quarry in Locharbriggs
in southwest England. (Photo:
Stancliffe Stone Company Ltd)

In the Early Triassic, a watershed running directly
across the North Sea land area separated rivers that
flowed south-east towards the Tethys Ocean from those
draining northwards to the Boreal Sea. Due to the hot,
arid Triassic climate there was only a sporadic water
supply to the alluvial plains, and when heavy downpours did occur, white-water rivers sprang up, capable
of transporting enormous volumes of sediment.
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Death Valley in eastern California is
a half-graben formed by rifting in a
desert region, under similar conditions to those prevailing in the North
Sea area during the Early Triassic.
Rivers drain into the depression during sporadic floods and the water
evaporates leaving vast mud and
salt flats. Boulder, gravel and sand
fans are deposited along the basin
margins. (Photo: A. Nøttvedt)

Drill cores from the Alke Formation
in well 34/4-3 from the Snorre Field
in the North Sea. The base of the
core is on the lower right. The thin,
pale grey, fine-grained sandstones
and dark grey siltstones were
deposited in a vast flood basin during repeated flooding episodes
across the North Sea area during the
Late Triassic. (Photo: K.S. Lervik)
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Furthest south, close to the Mid-North Sea High,
rivers flowed into lowlands where water evaporated in
the intense heat, and mud was deposited in a several
hundred metre-thick succession together with thin carbonate and salt horizons, that now belong to the
Smith Bank Formation. On the basin flanks, blocks,
rocks, gravel and sand were dumped from rivers in
spate. These deposits are termed the Skagerrak

Formation. During the Middle Triassic, some basins in
the south-east located close to the present-day
Skagerrak were connected to a sea-arm extending from
the Tethys Ocean. Towards the end of the Triassic several of these basins became completely filled with sand.
In the Early to Middle Triassic, the northernmost
part of the North Sea land area comprised sub-parallel, north-south trending rift basins in which blocks,
gravel and sand were deposited at the bases of fault
escarpments. During rainy periods, lakes developed
in the centres of the depressions, but during
droughts these dried up leaving lowland mudflats,
where, at some locations, thin salt beds developed
on the dried-up lake floors. The wind blew the
dehydrated sediments around in intense sand and
dust storms. Today, similar occasional lakes are
found in depressions in some of the Earth’s intensely
hot and arid regions such as western Utah, Nevada,
and the well-known Death Valley in southern
California. Fine-grained sediments from the North
Sea basins are termed the Teist and Alke Formations,
whereas the conglomeratic Skagerrak Formation is
associated with the basin flanks.
The weight and pressure of Triassic sedimentary
deposits caused the thick Permian salt in the central
and southern part of the North Sea to move. Salt
flowed upwards through the several hundred metrethick Early and Middle Triassic sediments forming
pillows and columnar salt diapirs. The land surface
subsided above those areas from which salt was with-

drawn, but where it forced its way to the surface it
formed topographic “walls” that controlled river
drainage patterns. The several hundred metre-thick
mudstone deposits of the Smith Bank Formation are
derived from rivers that transported sediment into
depressions created by salt movements. Salt continued to force itself up through overlying strata during
the Jurassic. At some locations, salt pillows and
diapirs form traps for oil-bearing reservoirs.

The vast alluvial plain
An alluvial plain extended over large parts of the
North Sea basin during the Late Triassic. In just the
same way as in the Early Triassic, some rivers flowed
northwards towards the Boreal Sea, while others
drained south to the great continental basins on the
northern flank of the Mid-North Sea High. Here,
water evaporated leaving enormous volumes of mud.
Some of these rivers emptied into shallow bays in
the Tethys Ocean to the southeast in the DanishNorwegian Basin. This basin had evolved in approximately the same location as the northern Permian
basin and continued to be a major depositional sink
throughout the Mesozoic.
Various types of river morphology developed, depending on rainfall variations, the volumes of sand, silt and
mud transported by the rivers, and the rate of basin
subsidence. During heavy downpours, the rivers broke
their banks, shifted their courses, and created networks
of fluvial channels. At the same time, large volumes of
mud were deposited on floodplains alongside the
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Reconstruction of the northern North Sea Basin during the Triassic. In the Early Triassic (above), the North Sea land
area was segmented into a series of minor half-grabens, whereas during the Late Triassic (below), the basin became
a broad alluvial plain. Conglomerates and coarse-grained sandstones occur at the basin margins, while fine-grained
sandstones and mudstones are characteristic of the central parts of the basins.
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Sandy desert
During the Middle Triassic, the climate was exceptionally arid. For a period, a sandy desert completely
covered the North Sea basin and vast expanses of the
Northern European lowlands. Wind transported sand
and built it up into great dunes, similar to those we
find today in the Sahara. Wind-borne sand is characterised by well-rounded sand grains of uniform size
with polished surfaces. Sand of this type is called
“aeolian” sand, and is preserved today because as the
basins subsided groundwater was allowed to rise
upwards within the dunes and prevent further sand
transport. The Lomvi Formation in the northern
North Sea is composed of sand dunes mixed with fluvial sand. Desert sandstones have been encountered in
several North Sea wells. It is no less than remarkable
that aeolian sand from a 225 million year-old desert,
now buried between 3 and 4 kilometres beneath the
sea floor, can be recovered on drilling rigs far out to
sea in water depths of between 300 and 400 metres!

Mainland Norway
M

a)

Several contrasting types of river systems developed across the North Sea land area during the Late Triassic. The
width, depth, form and drainage direction of the rivers were controlling factors in determining the geometry and the
distribution of the resultant sandstone bodies, and thus also influenced the properties of Triassic oil reservoirs.
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Drill cores from the Late Triassic
Lunde Formation in well 34/7A-9H
from the Snorre Field in the North
Sea. The base of the sequence is on
the lower right. The lowermost two
metres comprise reddish-brown
floodplain mudstones with calcrete
nodules formed around roots and
root hairs. The overlying sandstone
was deposited in a fluvial channel
and in its lower part contains clasts
of calcareous nodules and mudstones eroded from the beds below.
(Photo: K.S. Lervik)
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channel systems. Increased rainfall towards the end of
the Triassic stabilised the vegetation cover, increased
chemical weathering, and resulted in more clay and
mud entering the rivers. The vegetation along the
rivers became more robust and bolstered the banks
and levees against erosion. The rivers were broad and
meandering, and very similar to the meandering rivers
that we observe on many alluvial plains today.
Spores, pollen and freshwater algae are the most
common fossils found in Triassic sediments from the
North Sea. Bones and larger plant remains disintegrated rapidly in the strongly oxidising climate. A
fossil bone from the dinosaur Plateosaurus was recovered from the Snorre Field in the northern North
Sea, and shows us that plant-eating dinosaurs grazed
on the vast alluvial plain at the end of the Triassic. It
is likely that carnivorous dinosaurs and other reptiles
also inhabited the alluvial plains.

In the centre of Death Valley there
are areas that the flood waters cannot reach. Here the wind blows the
sand into dunes. Beautiful landscapes such as these prevailed
across the North Sea land area during the Triassic. (Photo: A. Nøttvedt)
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The pinkish-red and yellowish sandstone bodies,
formed after the river channels had been infilled, are
normally about 7 to 10 metres thick and up to several
kilometres across. The great river flood plains are preserved as red mudstones with thin sheet flood sandstones. Flood plain deposits reveal traces of roots, burrowing worms and beetles, desiccation cracks, and fossil soil horizons with calcretes, formed during periods
dominated by exposure and weathering, as opposed to
deposition and erosion. The sandstones of the Lunde
Formation have retained much of their original high
porosity and permeability, and are important reservoir
rocks for oil and gas, such as in the Snorre Field on the
Tampen Spur, offshore south-western Norway.
Narrow river channels and enormous volumes of mud
Towards the end of the Triassic, subsidence resulting
from crustal cooling following Permian and Early
Triassic rift formation caused the alluvial plain in
northern North Sea area to develop into a lowland
plain dominated by vast mudflats. During rainy
periods, the rivers flowing onto this broad plain
divided into several narrow channels that transported water, silt and mud across the mudflats. Sand was
deposited in the channels and occurs today as elongated sandstone bodies encased in red, oxidised
mudstones, interbedded with fossil soils. These latest
Triassic deposits are overlain by similar strata of
Early Jurassic age. The sandstones situated uppermost in the thick continental North Sea basin succession are termed the Statfjord Formation, and
today represent one of the most important reservoir
sandstones in the Tampen area (see Chapter 11).
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NORWAY’S FIRST – AND THE WORLD’S DEEPEST – DINOSAUR
While drilling for oil in 1997 on the Snorre Field in the North Sea (see separate text box), a dinosaur bone was discovered in a drill
core. It was found in a red mudstone sandwiched between two fluvial sandstones, and is the first fossil dinosaur discovery in
Norwegian territory. Given that it was found in strata lying 2256 metres below the sea floor and 2590 metres below sea level, it is
currently the deepest fossil dinosaur discovery in the world! After this discovery was made public in the spring of 2006, the
Norwegian North Sea dinosaur achieved world renown. The bone probably comes either from the dinosaur’s lower leg or upper arm. It
reveals an internal structure in which its inner medullary cavity is surrounded first by porous bony tissue, then by a layer of relatively
compact fibro-lamellar tissue with “annual rings”, and finally by an outer layer of radial fibro-lamellar tissue. This bone tissue type is
typical of the dinosaur Plateosaurus, which is known from several earlier Late Triassic finds in Germany, France, Switzerland and East
Greenland.

Plateosaurus was the first of the great plant-eating dinosaurs, reaching up to nine metres in length and weighing as much as four
tonnes. It stood on two legs while grazing the tops of plants several metres above the ground. The animals roamed in herds across
the vast lowlands of North-western Europe during the latter part of the Triassic, in the same way that the great plant-eating mammals
do today on the East African savannas. Plateosaurus found its food along the banks of the great rivers and on the flood plains in the
North Sea basin during the rainy seasons. Many of the dinosaurs died while they wandered across the vast plains searching for food.

Medullary cavity

5 mm

Porous bone tissue
Fibro-lamellar bone tissue
Radial fibro-lamellar bone tissue

5 mm

The structure of the dinosaur bone showing
the central medullary cavity, and the bone
itself composed of porous, fibro-lamellar
bone tissue. (Photo and illustration: J.H.
Hurum)

The dinosaur Plateosaurus grazed on
bushes and trees along river banks on
the broad alluvial plain in the North
Sea basin at the end of the Triassic.
(Illustration modified after P.
Bøckmann)
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RIVERS OF OIL – THE SNORRE FIELD

By Morten Bergan

The Snorre Field is located in the Tampen area in the northern North Sea, approximately 140 kilometres west of Sogn. It is
one of the largest oil fields on the Norwegian continental shelf, and the largest in the North Sea in which the oil reservoir
is composed of alluvial sandstones. Oil was discovered by Saga Petroleum in 1979 and the field approved for development in 1988. It started production in 1992.
The Snorre Field is estimated to contain 242 million cubic metres of recoverable oil. In 2003 about 113 million cubic
metres remained. In 2006, the field produced about 200,000 barrels of oil per day. Oil and gas are transported by pipeline
to the Statfjord Field for final processing, storage and shipping.
The Snorre Field is situated at the crest of an elevated crustal block on the western flank of the deep Viking Graben. The
strata were tilted to the west as a result of rifting processes at the end of the Jurassic. In the early Cenozoic, the sandstones became filled with oil that migrated from the Late Jurassic Draupne Formation source rock buried in the Viking
Graben (see Chapter 12).
The Snorre Field reservoir comprises the Late Triassic Lunde and the Latest Triassic/Earliest Jurassic Statfjord formations.
The oil-bearing sandstones were originally deposited in a diversity of fluvial channels. The sandstone bodies vary from
some tens of metres to more than one kilometre in width, and from 1-2 metres to 10-15 metres thick. Impermeable mudstones, up to between 30 and 40 metres thick are interbedded with the sandstones. Field development utilises two production platforms – one in the north and one in the south – and a single subsea production facility. Water depths are
between 300 and 330 metres. In addition to exploration wells, over one hundred production and water-injection wells
have been drilled. Water is pumped down via the injection wells in order to push the oil towards the production wells.
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Cross-sections through the “Snorre block” showing strata dipping to the west
(left). The various strata are cut by faults. As a result of structural dip, the oldest
reservoir sandstones are encountered in the north-east, and the youngest in the
south-west. The pore spaces in the sandstones are occupied by oil and gas
above the oil-water contact, and by water below it.
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A map showing the Snorre Field in the northern
North Sea. The cross-sections A-A’, B-B’ and C-C’
are shown in a separate figure. Snorre A and Snorre
B are production platforms.
1

FOSSIL SOILS – PALAEOSOLS
The Triassic of the North Sea and the Mid-Norwegian continental shelf contains reddish-brown fossil soils, or palaeosols.
“Palaeo” means old, and “sol” means soil. Palaeosols are found in rocks as old as the Precambrian. The fossil soils of the
North Sea Triassic are clay-based and were formed on flood plains during periods of limited sedimentation and erosion.
The red colour of the soils is due to a powdery ferric (iron III) oxide, or haematite, formed as a result of intense oxidation.
Traces of plant roots and fine root hairs occur, often in the form of calcareous nodules that were precipitated around roots
when the plants were still alive. Traces of worm, beetle and insect burrows are common, as are desiccation cracks filled
with fine wind-blown sand and silt.
Calcareous nodules (calcrete), are formed when water surrounding plant roots becomes oversaturated with calcium carbonate (CaCO3), causing the mineral to precipitate when the plant absorbs water. Calcareous nodules are also formed
during the evaporation of ground or surface waters saturated with calcium carbonate. They are common in arid regions
with an annual rainfall of approximately 500-1000 millimetres. They often fuse to form continuous calcrete crusts, and
examples of these are known from the Late Carboniferous and Permian in the Oslo region, and from the southern North
Sea (see Chapter 8).
Palaeosols in mudstones of the Lunde Formation have smooth fracture surfaces with slickensides, typical of clay-rich “vertisols” that form in semi-arid regions of the subtropical climatic zone that have a short rainy season and extended
droughts. The slickensides result from the release of tensional forces generated when soil particles swell on absorbing
water during rainy periods.
A

C

Desiccation cracks

Root structure

The climate became significantly more humid
in the North Sea area during the Jurassic. Due
to elevated water tables on the delta and
coastal plains, greater amounts organic plant
material were preserved in the soils. Jurassic
palaeosols are therefore dark grey and
greyish-green and contain carbonised plant
remains. Calcrete nodules are absent.
Palaeosols in the form of root horizons and
coal beds also occur in the Triassic Kobbe and
Snadd Formations in the Barents Sea, and in
the De Geerdalen Formation in Svalbard.

B

Pedogenic fractures
(faults)

Oxidised fractures
Fossil soil, or palaeosol, from the Late Triassic Lunde
Formation in the Snorre Field in the North Sea. The
reddish-brown flood plain mudstones contain
palaeosols formed under hot, semi-arid climatic conditions. These contain calcareous nodules precipitated
around roots (A and B), faults and small rounded
clumps of soil formed under alternating arid and
humid climatic conditions (B) and desiccation cracks
(C). (Photo:????xxxx)
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Palaeogeography and depositional
environments in the Norwegian
Sea during the Triassic. The area
between Norway and Greenland
was dominated by marine environments during the Early Triassic,
but these were later replaced by
coastal and alluvial plains that
encroached into the basin. In the
Late Triassic a vast salt basin
developed in the south and during
the transition to the Jurassic, great
lakes were formed on the plains
lying west of the Helgeland coast.
Areas undergoing erosion
Alluvial plain – mud and sand
Evaporite basins
Coastal and shallow marine – sa
Marine – mud
Deep marine – mud
Submarine fan – sand

The land between Norway and Greenland:
where the land meets the sea
During the Triassic, Norway and Greenland were in close proximity, separated only by
a 300 to 500 kilometre-wide lowland area, which during the Early Triassic was subject
to intense crustal extension. Environments within the resulting depression alternated
between dry land with lakes and a marine embayment.
The basin between Norway and Greenland followed
the pronounced southwest-northeast trending ArcticNorth Atlantic Rift Zone. This northern Pangaean
zone of weakness also followed the trend of the older
Middle Triassic

Early Triassic

G
Greenland

Greenland

Trondheim

Trondheim

Norway

Norway

Latest Triassic

Late Triassic
L

Greenland

Caledonian mountain belt, and is distinct from the
north-south trending faults of the North Sea. Much
later, in the Cenozoic, this zone facilitated the separation of Europe and Greenland from North America,
resulting in the creation of the north-eastern Atlantic
Ocean (see Chapter 14). The Triassic succession in
this area is several thousand metres thick.
During the Early Triassic, several deep marine rift
basins were formed as a result of crustal extension and
subsidence across these lowlands. The Boreal Sea gradually encroached southwards forming an elongated
sea-arm between Norway and Greenland that extended fully to the northern boundary of the North Sea
basin. Basins up to several hundred metres deep and
several thousand square kilometres in area were occupied mainly by marine silts and clays. Along some
faults, crustal blocks became elevated and emerged as
elongated islands. Some of these were eroded and the
sediments transported out to sea, where they were
deposited as thin turbiditic sands on the basin floors.
It is half-graben basins such as these that contain the
Triassic deposits of the Froan and Helgeland Basins
offshore Nord-Trøndelag and Nordland.

Greenland

Later, during the Early Triassic and the earliest
Middle Triassic, the rift zone became less active.
Most of the marine basins filled with sediment and
broad alluvial plains were formed, replacing the earlier sea-arm. Dry land evolved across most areas
between Norway and Greenland.
Trondheim

Norway
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Trondheim

Norway

The formation of a saline sea
The landscape between Norway and Greenland
changed dramatically during the Late Triassic. The sea
flooded what were previously alluvial plains, marking

A

the onset of a transgression that was later to flood the
North Sea basin entirely at the beginning of the
Jurassic (see Chapter 11). This sea-level rise occurred
at the same time as the renewal of crustal extension.
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During the Carboniferous to Permian transition, an
elongated high, the Nordland Ridge, was formed
approximately 140-180 kilometres west of the present-day coast of Helgeland. The Nordland Ridge is
one of the most important geological structures on
the Mid-Norwegian shelf. During the Triassic, a
fault zone on its eastern flank defined the boundary
of several deep depressions within the Helgeland
Basin, located between Helgeland and the Ridge
itself. Sea water that encroached into the embayment
evaporated rapidly under the prevailing hot climatic
conditions and gypsum and rock salt were precipitated as saline mud. This process was repeated cyclically
over long periods resulting in the gradual accumulation of up to a thousand metres of salt deposits.
Similar salt basins developed further to the west.
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Basins with saline seas have existed at other times
during the Earth’s evolution, such as in the Permian
in the southern North Sea and Germany (Chapter
8), and in the Barents Sea (Chapter 9). The present
day Mediterranean Sea, also located in a hot and dry
climatic zone, is itself on the threshold of becoming
a saline sea, as indeed it was five million years ago.
The largest prehistoric lake in Norway
The gradual increase in rainfall during the Late
Triassic resulted in a great lake, replacing the earlier
saline sea. The lake extended from the present
Trøndelag coast, westwards towards the Nordland
Ridge, and then further north towards the Lofoten
islands. Lacustrine sediments of the same age are also
encountered in East Greenland, indicating that the
lake may have extended over a vast area, or that
there existed several lakes between present-day
Norway and Greenland. The largest example must
have covered at least ten thousand square kilometres
– 30 times larger than the present-day Lake Mjøsa in
south-eastern Norway – and thus by far the largest
lake that has ever existed in Norway.
Periodically the lake dried up, and red-coloured, oxidised soil horizons, desiccation cracks and calcrete
nodules were formed in the lake-bottom muds. In
total, lacustrine sediments are between 400 and 500
metres thick, and were deposited over an extended
geological period. Lakes of this type are found in
arid regions today, including Lake Tchad in Africa
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and Lake Eyre in Australia. Lake Eyre is only fifteen
metres deep at its deepest point and becomes filled
with water and mud during periods of high rainfall.
During droughts the lake may disappear entirely for
up to several decades.
Rivers take the upper hand
Finally in the Triassic, crustal movements caused
parts of mainland Norway to be uplifted. The terrain became steeper, rainfall increased under the
humid climatic regime, and enormous volumes of
gravel, sand and mud were transported by rivers into
the lowlands between Norway and Greenland. On
the Mid-Norwegian shelf, the resulting river deposits
are known as the Åre Formation, and extend into
the Early Jurassic. The Åre Formation is analagous to
the Statfjord Formation in the northern North Sea
(see Chapter 11).

Burrows
Root structures
Calcrete nodules

Sections of Early Triassic core images
and sediment logs from wells
6507/6-1 and 6510/2-1 on the MidNorwegian shelf. The upper display
illustrates turbidite sandstones from
a deep marine basin. Below this we
see a fluvial sandstone interbedded
with reddish-brown floodplain muds
with calcrete nodules, deposited on
the furthest reaches of an alluvial
plain. (Photos: ??xxxx)
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The Boreal Sea – the great marine gulf
in the north
For long periods, the northernmost part of the Pangaean supercontinent was occupied by
the Boreal Sea – a vast marine gulf that covered extensive areas of the Arctic, including
the Barents Sea, Svalbard, North Greenland, Arctic Canada, Alaska and northern Siberia.
The Boreal Sea bordering the northern margin of
Pangaea was already established during the Late
Carboniferous and Permian, but throughout the
Triassic was affected by global sea level changes due
to lithospheric plate movements. Whereas the
Permian was characterised by thick carbonate and
mud deposits, the Triassic marked the onset of the
deposition of mud and sand alternating in direct
response to cycles of continuous sea level changes.
The shallow sea was inhabited by several marine
creatures, among which the squid-like cephalopods,
ichthyosaurs and plesiosaurs were the most dominant.

M

Palaeogeography and depositional
environments on the Barents Shelf in
the Middle and Late Triassic. During
the Middle Triassic, organic-rich
mudstones were deposited in the
great Boreal Ocean, while during the
Late Triassic, deltas and coastal
plains built out into the ocean from
both east and west.

In Svalbard and in the Barents Sea the Permian to
Triassic transition is revealed as a well-defined geological boundary. This is because the carbonate ooze
and mud infilling the shallow Boreal Sea at the end
of the Permian were transformed into limestone and
a flint-like claystone (see Chapter 9). These hard and
resistant Permian rocks form steep cliffs where they
are exposed in Svalbard, and we observe a welldefined reflector on seismic data from the Barents
Sea. Some islands emerged from the shallow sea at
the end of the Permian.
Middle Triassic
Svalbard
Botneheia
Formation
Bravaisberget
Formation

Late Triassic
Svalbard
De Geerdalen
Formation

Bjørnøya

Bjørnøya
Kobbe
Form.

Areas undergoing erosion
Alluvial plain – mud and sand
Coastal and shallow marine – sand
Shallow marine – mud
Deep marine – mud
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Steinkobbe
Formation

Hammerfest

Kobbe
Form.

Snadd
Formation

Hammerfest

At the end of the Permian, sea levels rose when the
thick southern hemisphere ice caps melted. The Boreal
Sea’s coastline shifted southwards to lie approximately
along the present-day Norwegian coast of Troms and
Finnmark, and the Russian Kola Peninsula. The west
coast lay some distance inland on the present-day
island of Greenland. Periodically, the gulf’s southern
coast lay close to the Lofoten islands, and at times, as
previously described, the sea encroached along the rift
zone between Norway and East Greenland.
Gravel, sand and mud from the young Uralian mountain belt were transported by rivers into the sea.
During the Triassic, a 7000-8000 metre-thick succession of mud and sand was deposited in what is now
the Russian sector of the eastern Barents Sea. Sediment
supply to the Norwegian sector was somewhat less.
Early Triassic sand and mud
When sea levels rose at the beginning of the Triassic,
mud was deposited over large areas of the Barents Sea.
The south-western Barents Sea, including provinces
that in the Jurassic would become the Hammerfest,
Tromsø, Bjørnøya and Nordkapp Basins (see Chapter
12), subsided rapidly during the Triassic, but an abundant sediment supply ensured that the basins were
filled with sediments. Mudstones dominate in the
centres of these basins, while shallow marine sandstones and siltstones are found along their margins.
In the Tromsø and Hammerfest Basins, the Early
Triassic deposits are more than five hundred metres
thick, which is similar to that observed along
Spitsbergen’s west coast. In the Bjørnøya Basin, Early
Triassic sediments reach over one thousand metres in
thickness. The Early Triassic succession of the southern Barents Sea is represented by the Havert and
Klappmyss Formations.
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The Nordkapp Basin contains up to five thousand
metres of Permian strata comprising sandstone, limestone and salt. In the same way as in the southern
North Sea area, the Nordkapp Basin salt began to
move early in the Triassic. It pierced through the
overlying Triassic succession to form pillows and
diapirs. These structures caused the sea floor to
bulge upwards and salt walls pierced the sea floor
forming ridges that controlled sediment distribution
and depositional patterns within the basin.
Throughout the Triassic, the area surrounding
Bjørnøya was located on the Stappen High – a
ridge-like structure that was in part an island and in
part submerged. Here, Permian dolomites were firstly overlain by clays. However, due to later Triassic
erosion, we find today only a few tens of metresthick remnants of the Early Triassic on Bjørnøya.
The erosional boundary is marked by thin conglomerates composed of phosphate nodules. The Early
Triassic deposits on Bjørnøya belong to the Urd
Formation.
A short hop from Svalbard to Greenland
During the Early Triassic the distance between
Spitsbergen and Greenland was no more than a hundred kilometres. Rivers transported sediments from
areas that in the Early Triassic were located between
present-day North Greenland and Svalbard eastwards
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to the coast. Sand was deposited in a series of deltas
that we recognise today on North Greenland and
along the western Spitsbergen coast as sandstones.
The sandstones on Spitsbergen are named the
Vardebukta and Tvillingodden Formations. During
this period eastern Svalbard was submerged, and
mud and minor volumes of sand, now termed the
Vikinghøgda Formation, were transported from the
deltas lying to the west. Wave action and coastal currents transported sand southwards along the west
coast of the Boreal gulf, and
these are encountered today in
the westernmost Barents Sea as
shallow water sandstones.
BFZ

Geological map of the Mesozoic
strata in Adventdalen and
Sassendalen in Svalbard. (Figure
after W. Dallmann)

LAFZ

Islands and dried-up basins
located outside the deepest parts
of the gulf were gradually flooded during the Early Triassic.
Some provinces became great
marine shoals, such as in southern Spitsbergen and Bjørnøya.
Towards the east and south,
across present-day eastern
Spitsbergen and the northern
Barents Sea, greyish-green silt
and mud were deposited. With
time, the basin subsided and the
gulf gradually became deeper.
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Sketch of the basin structure in central Spitsbergen during the
Mesozoic. The map above shows the
location of the geological profile and
outcropping Mesozoic rocks. The
structure on Spitsbergen is also characteristic of large parts of the
Barents shelf. During the Mesozoic,
the present northern Barents Sea
region was a gradually subsiding
stable platform.
BFZ = Billefjorden Fault Zone, LAFZ
= Lomfjord-Agardhbukta Fault Zone
(Figure modified after A. Andresen)
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The mountain Bravaisberget on the
northern side of Van Keulenfjorden
on Spitsbergen. Permian silicified
limestones form the lower mountain
slopes covered with brown-coloured
vegetation. Further up the slope we
see grey mudstones and pale sandstones of the Early Triassic
Vardebukta and Tvillingodden
Formations. The dark mudstones on
the upper slopes belong to the
Middle Triassic Bravaisberget
Formation. The uppermost sandstone
on Bravaisberget represents a delta
that built out into the gulf. (Photo:
A. Nøttvedt)

From the classic “Festningen” profile outcrop in outer Isfjorden on Spitsbergen. The
picture shows Early Triassic coastal sandstones of the Vardebukta Formation. The
sand was transported from areas undergoing erosion in the west. (Photo:
A. Nøttvedt)

Early Triassic deposits commonly comprise 10-40
metre-thick units of claystone, succeeded by siltstone
and ultimately by sandstone. Whereas the clays were
formed during periods of sea level rise and transgression, the silts and sands were deposited during
regressions that occurred when the coastline renewed
its advance and sediments began to infill parts of the
gulf. On Spitsbergen, transgressive-regressive
sequences of this kind are easily identified, and some
of them can be correlated from Arctic Canada in the
west, all the way to eastern Siberia.
Middle Triassic – a source of oil and phosphate
The dark grey and black Middle Triassic mudstones
found on central and eastern Spitsbergen,
Barentsøya, Edgeøya and in surrounding areas of the
Barents Sea, contain high proportions of organic
material. Individual mudstones may contain as
much as 12 per cent organic material and act as oil
source rocks. In Svalbard these organic-rich mudstones are termed the Botneheia Formation, and in
the Barents Sea, the Steinkobbe Formation.
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THE NORDKAPP BASIN

By Tom Bugge, Atle Mørk and Ketil Sollid

The Nordkapp Basin first made its appearance as a rift basin as early as the Devonian. In the succeeding 100 million years, during the
Carboniferous and Permian, it was a shallow evaporite basin where a thick succession of salt was deposited. During the Triassic the
Nordkapp Basin alternated between being a shallow sea and dry land with vast alluvial plains. In the Middle Triassic, the basin was a
marine embayment, almost cut off from the open sea, where organic-rich mudstones were deposited. These mudstones are source
rocks for oil and gas. During the Late Triassic a great river system, similar in size to those in present-day Siberia, transported enormous volumes of sand and deposited them on alluvial and coastal plains in the Nordkapp Basin area. Today, these sands represent
some of the best oil and gas reservoir rocks in the Barents Sea. At some locations, the sandstones are encased in fine-grained mudstones, thus creating the potential for so-called “stratigraphic” oil and gas traps.
When salt is buried beneath younger sediments, it becomes plastic and begins to flow. Movement of the Nordkapp Basin salt has
occurred over a long period of geological time and it pierced through the younger Triassic and Jurassic strata, and all the way up to
the sea floor at some locations. Salt that forces its way up in this way produces so-called salt “diapirs”. The basins between the
diapirs are called rim synclines. In the Nordkapp Basin rim synclines we encounter interbedded sandstones and mudstones of variable
thicknesses. Oil and gas traps have been formed beneath and around the salt diapirs.
It is with good reason, therefore, that petroleum geologists have high expectations of
the Nordkapp Basin. It has been shown to contain source and reservoir rocks, and a
trapping concept exists. Minor volumes of oil and gas have also been discovered, and
only the future will tell whether commercial volumes are present.
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Palaco geography and depositional environments in the southern
Barents Sea during the Middle Triassic. In the Nordkapp Basin
and the basin to the west, organic-rich mudstones (pale blue)
were deposited. In the Nordkapp Basin, salt diapirs (pink) pierced
through the younger strata. The salt began to move in the Early
Triassic and salt walls were formed mostly during the Cenozoic.
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Palaco geography and depositional
environments in the Nordkapp Basin during the Late Triassic. An extensive fluvial
system sourced from the south-east emptied into the Nordkapp Basin. The alluvial
plain accommodated broad meandering
channel systems.
Inset: Seismic amplitude map illustrating
Late Triassic meander belt, greater than
20 kilometres across.
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Diagram of a salt diapir that has forced
its way up through Triassic deposits. An
oil and gas accumulation has been discovered in a Late Triassic sandstone
beneath the mushroom-shaped diapir.
Inset: Seismic image of salt structures in
the Nordkapp Basin, showing their contrasting shapes – from rounded diapirs to
elongate walls.
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oxygen-rich upper water layers, and alternate with
grey mudstones containing burrows made by organisms that inhabited the sea floor when the bottom
waters contained higher oxygen concentrations.
In many locations, Middle Triassic mudstones are
rich in phosphate. Phosphate is a chemical compound made up of phosphorus, oxygen and carbonate. It occurs in fossil shells, as phosphate nodules
encased in claystone, and as continuous phosphate
beds. Some conglomerate beds are composed entirely
of phosphate nodules produced after wave action had
removed the clay covering. Phosphate is derived from
organic material such as excrement, skeletal remains
and plankton, and deposits can be correlated from
the Barents Sea and Svalbard, westwards to Canada
and Alaska, and eastwards to Eastern Siberia. They
were formed during periods when abundant phosphate was being transported into the northern gulf,
but when silt and clay supply was depleted. Early in
the last century, phosphate mining trials were conducted at Kapp Thorsen in Isfjorden on Spitsbergen.
Along the west coast of Spitsbergen a limited supply
of silt and some sand from the western deltas continued. Towards the end of the Middle Triassic the
coastline reached its easternmost extent and crossbedded shallow marine sand was deposited. The
Middle Triassic succession in western Spitsbergen is
called the Bravaisberget Formation. In the southwestern Barents Sea, Middle Triassic coastal sand
and mud deposits belong to the Kobbe Formation.
The Middle Triassic organic-rich mudstones of the
Botneheia Formation are entirely absent on
Bjørnøya, but sandstones from the latest Middle
Triassic are preserved. In these sandstones, the Skuld
Formation, a three metre long armoured amphibian
has been found. This creature inhabited the shallow
coastal waters close to the Stappen High.

The Sassendalen valley on
Spitsbergen – looking north. The
dark, lowermost, sequences are the
Middle Triassic Botneheia Formation,
and are overlain by the
Tschermakfjellet and De Geerdalen
Formations. (Photo: A. Nøttvedt)
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Early in the last century, the Botneheia Formation was
known as “the oil shale” because of its high organic
content, mainly derived from marine algae. Organic
remains accumulated in the muddy bottom sediments
during periods when the bottom waters contained low
concentrations of oxygen. The black mudstones are
generally rich in the fossils of animals that lived in the

Alluvial plains and deltas dominate the Late Triassic
During the Late Triassic, the Boreal Sea became shallower over large areas. In some places, crustal movements caused the sea floor to bulge upwards and
islands emerged. Most of these islands were rapidly
eroded by wave action, but they also acted as major
obstructions that prevented large volumes of sediment from the Ural mountains and Russia from
being transported further west across the shallow sea.
In the southern Barents Sea, Late Triassic strata are
composed of alternating beds of sand and mud

Fossil impressions of the bivalve Daonella,
from the Middle Triassic Botneheia
Formation on Spitsbergen. In some
horizons these are found in closely-packed
concentrations. The rock sample is
15 centimetres across. (Photo: A. Nøttvedt)

deposited in coastal plain and shoreline environments.
Sea level changes caused the coastline periodically to
retreat eastwards, before it yet again encroached in a
westerly direction. Well-sorted sands were deposited
during these retreats, and the succeeding encroachments have resulted in sandstones with excellent reservoir properties. These coastal migrations resulted in
the formation of a series of coastal bars and shoals
that we can identify and map on seismic data.
In the Late Triassic, the Stappen High was initially
flooded by the sea and draped initially with grey
mud, and later by increasing volumes of sand. On
the Stappen High, and at many other locations in
the shallowing Boreal Sea, lagoons were formed
towards the end of the Triassic, and these gradually
became filled with red-coloured mud. The colouration was due to oxidation and chemical weathering
on land prior to their deposition. The fossils in these
red shales indicate that some of the lagoons were
open to the sea, whereas others were enclosed and
contained brackish water.
The formation of purple shales and coal
In the deepest parts of the northern Barents Sea and
in Svalbard the supply of mud continued unabated
during the Late Triassic, and further greyish-black
organic-rich mud was deposited above those of the

Middle Triassic. These strata are known as the
Tschermakfjellet Formation. However, organic production was somewhat reduced and the Tschermakfjellet Formation mudstones do not have the same oil
and gas source potential as the Middle Triassic mudstones. They do contain thin layers of siderite, an
iron-bearing claystone that weathers to a rusty reddish-brown colour, and for many years these colourful mudstones were known as the “the purple shale”.
As the climate became more humid in the north at
the end of the Triassic, renewed crustal movements
caused some land areas surrounding the Boreal gulf
to be uplifted, and this allowed rivers to transport
large volumes of sediment to the coast. In North
Greenland, Norway and the Kola Peninsula, and
from regions elevated above sea level in north-eastern Spitsbergen and the eastern Barents Sea, vast
Core photograph from the Middle Triassic in the scientific research borehole 7434/4-U-1 from the Sentralbanken High in the Barents Sea. The
core on the left is 65 centimetres long. The lowermost pale sandstone
was deposited in a shallow marine setting, while the coal bed was
derived from plant remains deposited in a coastal plain swamp that
developed after the sea had retreated. Sandstone and mudstone beds
overlying the coal indicate that the sea later returned. The detailed picture shows root structures in the sandstone below the coal. (Photos:
??xxx)
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BONEYARDS, BIVALVE TRAGEDIES AND A STRANDED ARMOURED AMPHIBIAN
Svalbard’s fossil-bearing Triassic deposits tell us the story of how animals lived and died in the Boreal Ocean. Here are
three examples.
“Boneyards” is an appropriate term to describe Early Triassic beds literally packed with the fossil bones of ichthyosaurs.
These bones include vertebrae, ribs and skulls, but entire skeletons are rare. The skeletal remains are bluish-grey and are
composed of phosphorite, and are often found in large calcareous nodules formed around the decaying carcass. Beds of
lithified ichthyosaur excrement, or coprolites, are found as nodules, a few centimetres across. Each of these “Saurian
Beds” represents an extended period without significant sedimentation. Ichthyosaurs swam in the open sea, preying on
squid and fish. They sank to the bottom when they died, generation after generation, with carcasses piling up on top of
one another. Bottom currents broke up the skeletons before the accumulations of bones were eventually buried in mud
when sedimentation was renewed.
Bivalve tragedies lie hidden in the Middle Triassic mudstones in Svalbard. In some of the black mudstones we find tiny
bivalves, only 1-2 millimetres long, in densely-packed layers. Bivalves have a free-floating larval phase, but on producing
its adult carbonate shell, the animal must anchor itself to a solid substrate where it can continue to live. These minute
bivalve shells are very young and died on reaching the sea floor because the bottom waters contained insufficient oxygen
for them to survive. In the Boreal Ocean, such ecological tragedies repeated themselves all the time.
The Middle Triassic armoured amphibian from Bjørnøya is among the largest fossil amphibian discoveries made on
Norwegian territory. The three metre-long amphibian was first discovered in 1948 by an English expedition, but it was not
until 1984–85 that the fossil fragments were cast in plastic and plaster of Paris and brought to the Palaeontological
Museum in Oslo. The animal ended its life on a sand bank, probably while hunting for food.

A

B

C

D

354

A – The head of the armoured amphibian from Bjørnøya. The armour is broken up
into innumerable small plates, but the two large eye sockets can be seen in the
centre of the picture. All the fragments have been laboriously collected and will,
after an extremely painstaking process, be reassembled to reveal the complete
amphibian animal. (Foto: B.T. Simonsen)
B – Rich accumulation of ichthyosaur bones from the Middle Triassic Botneheia
Formation at Blanknuten on Edgeøya. Most of the bones are vertebrae and ribs.
(Photo: A. Mørk)
C – Thin section of an organic-rich mudstone (black) with innumerable shells of
tiny bivalves (elongate light-coloured lenses). The shell fragments are 1-2 millimetres in length. (Photo: A. Mørk)
D – Drawing showing what the 3.5 metre-long armoured amphibian from Bjørnøya
probably looked like. The armour is made up of a series of small bony plates linked
together with flexible muscle and cartilage. When these decayed, the small armour
plates became disengaged from each other. (Illustration: ?xxxxxxx)

delta plains were established. Sand-filled alluvial
channels encased in silt and mud characterise these
deposits, which in Svalbard are called the De
Geerdalen Formation.
On Hopen, which is Svalbard’s southeasternmost
island, and at other locations, coal beds were formed
from swamp vegetation that accumulated on the
delta plains. Further to the northeast, scientific
research boreholes in the Barents Sea have revealed
similar coal beds formed on vast coastal plains.
The Boreal Sea is infilled and the Triassic draws to a close
By the end of the Triassic, the floor of the Boreal Sea
was levelled out by alternating deposits of sand and
red clay, such as those we find in central Spitsbergen,
where the youngest Triassic beds comprise flat-lying,
thin sandstones interbedded with red shales. The
many lagoons were eventually overlain by a thin,
carbonate-rich and fossiliferous horizon deposited
during a relatively short period of elevated sea levels.

The high quartz content indicates that the land areas
surrounding the Boreal gulf were subject to intense
chemical weathering. This was also the case over
much of northern Europe in the hot and humid climatic regime that prevailed at the end of the Triassic
and the beginning of the Jurassic. The red claystones
reveal the same characteristics and this depositional
setting, involving alternating beds of sand and clay,
continued into the Jurassic, controlled by repeated
cycles of sea level rise and fall.

The north-eastern coast of the island
Hopen. The cliff is composed of alternating beds of Late Triassic sandstones and mudstones of the De
Geerdalen Formation. These beds
were deposited on a vast alluvial
plain. In the centre of the picture a
fluvial channel can be seen to downcut into underlying beds, and was
later infilled with sand and mud.
(Photo: A. Nøttvedt)

The mountain Botneheia on Spitsbergen. The characteristically black-coloured cliffs in the lower part of the picture
are composed of mudstones of the Middle Triassic Botneheia Formation. These are immediately overlain by purplecoloured mudstones of the Late Triassic Tschermakfjellet Formation. The uppermost yellowish-grey beds are sandstones and mudstones belonging to the De Geerdalen Formation. (Photo: A. Nøttvedt)

The Triassic evolution of the Barents Sea drew to a
close with a fall in sea level. At this time, sand containing an unusually high proportion of quartz was
deposited. This sand extended over large areas and is
now encountered as pale sandstones both in exposures in Svalbard and in borehole cores in the
Barents Sea. Worms and bivalves inhabited a sandy
sea floor environment that was constantly disturbed
by wave action and currents. In Svalbard these Latest
Triassic sandstones are called the Knorringfjellet
Formation.
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