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ALFREDFJELLET

HAMBERGFJELLET

David Worsley, Consultant, and Atle Mark, Institutt for
geologi og bergteknikk, NTNU

The small island of Bjerngya (“Bear Island’
only 178 km2 in area), situated near the Bar-
ents Sea's western margin almost midway
between northern Norway and Spitsbergen,
shows a Precambrian to Triassic succession
in a continuous series of spectacular cliff
exposures. These exposures provide a key
not only to the evolution of the Stappen
High (on which Bjgrngya rests) but also to
the development of the major lineaments
that subsequently contributed to the for-
mation of both the Norwegian-Greenland
Sea and the Arctic Ocean.

Triassic and Older

The Stappen High was a positive Late Paleo-
zoic feature; it then subsided in the Meso-
zoic and was again uplifted in the Cenozoic.
The sedimentary succession exposed on
the island itself ranges from the Upper Pre-
cambrian to the Upper Triassic; with a com-
posite thickness approaching 3 km. Signifi-
cant unconformities define the boundaries
between three main depositional complex-
es: the Pre-Devonian economic basement,
the Late Paleozoic basin and the Permo-
Triassic platform.

The extensive northern plain of Bjerngya
generally undulates between 20 and 50
m above sea level, with a labyrinth of rock
fields, marshes and small lakes and the
underlying Upper Paleozoic succession
is best studied in low coastal cliffs with
spectacular exposures. The southern and
southeastern part of the island is a rug-
ged mountainous terrain dominated by
basement exposures, and more than 400
m high cliffs rise precipitously from the
sea. Mountaintops in this area show almost
flat-lying exposures of the Permo-Triassic
platform sequence unconformably overly-
ing all older units; however Late Paleozoic
half-grabens are locally developed, cutting
into the basement but predating the plat-
form units. Triassic strata - the youngest

pre-Quaternary deposits preserved on the
island - are exposed in three conical peaks
on the Miseryfjellet massif, with youngest
Carnian (Late Triassic) deposits preserved at
536 m above sea level.

Major Events

The complex development shown by the
Upper Palaeozoic succession of Bjerngya is
noteworthy in view of the immense amount
of information that can be derived from this
small area. The structural development of
the Stappen High is not unique, but the
spectacular exposures offer an impressive
documentation of the ongoing tectonism
that characterised the present-day western
margins of the Barents Shelf during the Late
Palaeozoic.

Bjorngya is especially interesting in that
the Late Palaeozoic tectonism can be differ-
entiated from the Tertiary overprint, which
usually obscures similar movements both
in southern and western Spitsbergen and in
parts of the Wandel Sea (NE Greenland) and
Sverdrup (Arctic Canada) basins.

Some major geological features to be dem-

onstrated:

+ Bjorngya's Late Precambrian to Ordovi-
cian succession was subjected to major
overthrusting during the Caledonian
orogeny, a feature contrasting with some
reviews suggesting no Caledonian defor-
mation.

» The Stappen High was the site of fluvial
sedimentation in a NNW trending half-
graben from the late Devonian to early
Carboniferous,

» Mid-Carboniferous uplift was accompa-
nied by a climatic shift to arid conditions
and followed by renewed rifting along a
master fault to the west of present expo-
sures on the island,

+ Bashkirian and Moscovian sea-level rise
led to carbonate deposition over the
entire area, in common with the rest of
the Barents Shelf,

Preparation of the three metre long labyrinthodont
amphibian excavated in 1985 (photo B.T. Simonsen)

Yellow dolomitic limestone form the top Permian
locality Osten (Cheese) with overlying grey Triassic
shales (photo H.A. Nakrem) 4
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Roedvika Fm sandstones and coals unconform-
ably overlain by the Miseryfjellet Fm limestones
with Triassic shales at top

Bjorngya viewed from

NE showing the plateau
formed by the Miseryfjellet
Fm overlain by Triasssic
shales (Urd Fm) and sand-
stones (Skuld Fm) forming
the peaks

A wedge of the Hambergfjellet Fm overlain by the
Miseryfiellet Fm

Yellow sandstone fills channels in the Kapp Hanna
Fm

Grey sandstones of the Nordkapp Fm overlain by
the red beds of the Landngrdingsvika Fm, grading
upwards into grey limestones of the Kapp Kare Fm

The one metre thick Carboniferous coal seam mined
at Tunheim

k.

Fluvial sandstones of the Rgedvika Fm
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+ Renewed tectonism in the late Carbonif-
erous produced the highly faulted con-
figuration seen today,

+ The early Permian was characterised by
onlap and then uplift of the newly cre-
ated high,

« Upper Permian and Triassic sequences
progressively onlapped the high before
the entire area subsided from the late
Triassic to late Mesozoic or Paleogene.

A Multitude of Plays

The island’s development also gives strik-
ing examples of the type of plays expected
to still have great potential for successful
hydrocarbon exploration both on the Bar-

Map from Norsk Polarinstitutt

ents Shelf and in adjacent areas:

+ Lower Carboniferous coal-bearing fluvial
sequences in local rift basins,

« Upper Carboniferous to Lower Permian
platform carbonates and interbedded
evaporites, with local structuring related
to major lineaments,

+ Carbonate buildups and associated facies
along major lineaments and basinal mar-
gins,

« Combined structural/stratigraphic traps
related to Late Paleozic structuring.

Sandstones of the coal-bearing Reedvika
and Nordkapp formations may have an
interesting trapping potential, especially as

0 > —. e B

Cross-bedded sandstones of the Rge

dvika Fm over-
lain by silicified limestones of the Upper Permian
Miseryfjellet Fm - the boundary marking a 40 Ma
hiatus (photo A. Mark)

A natural harbour is formed by a river in the Nord-
kapp Formation (Photo H.A. Nakrem)

Stappen, the southernmost point of Bjgrngya has
given name to The Stappen High where Bjgrnoya is
the exposed part (photo A. Mark)

they show some of the highest porosities of
the entire Upper Palaeozoic succession on
Bjorngya. These sandstones occur in local
grabens where they may provide combi-
nations of stratigraphical (pinch-out and
truncation) and structural traps, with struc-
turing provided by mid-Carboniferous rift-
ing. Bjernoya's southwestern cliffs display
sections through possible truncation traps
related to later Carboniferous and Permian
tectonism, with potential seals provided by
Permian carbonates; these provide good
analogues for geographically restricted but
similar structures such as the Loppa High.
These potential sandstone reservoirs
would in general be expected to be sourced »
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A view of Landngrdingsvika. The red exposures in the foreground cliffs and the 120 m high cliff partly covered by claud belong to t the Landngrdingsvika Fm. Lake
Ellasjgen, surrounded by exposures of the fluvial Norkapp Fm sandstones, is central in the photo. The farthest point consists of shallow marine limestones of the Kapp

Kére Fm (photo H.A. Nakrem)

by hydrocarbons derived from the adjacent
coals and coal shales in the same sequen-
ces, but more oil-prone lacustrine units
have also been described from comparable
fluviatile sequences both in the penecon-
temporaneous Emma Fjord Formation of
the Sverdrup Basin, the Billefjorden Group
of Spitsbergen and the Upper Carbonifer-
ous of East Greenland.

Bjorngya

Bj@rngya was discovered and named by Wil-
lem Barents in 1596. His expedition killed
a polar bear, giving the island its name,
although polar bears usually only sporadically
visit the island in winter. Walrus hunting and
trapping were the main activities there until
Swedish expeditions in the latter half of the
19th century made the first general survey of
the island. Upper Devonian and Lower Car-
boniferous coals were then the main objects
of geological and economic interest, although
other minerals were also investigated. Mining
operations started in 1916, but were aban-
doned as uneconomical in 1925. Since then
the island has been the site of a radio and
meteorological station, except for a break in
activity during the 2nd World War.
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Source and Reservoir Potential

The overlying conglomerates, sandstones
and limestones in the Carboniferous suc-
cession are generally tightly calcite cement-
ed in exposures on Bjerngya, reflecting the
predominantly marine diagenetic regimes
in spite of repeated uplift and erosion.
In contrast, the bioherms and associated
dolomites of the Permocarboniferous Kapp
Dunér Formation are much more porous
bodies than the surrounding and overlying
sequences, porosities resulting from early
leaching and/or dolomitisation linked to
repeated subaerial exposure. These carbon-
ate buildups are furthermore associated
with bituminous limestones with an inter-
esting source potential.

Overlying mid-Permian limestones
appear to have been formed in cooler water
transgressive regimes and are character-
ised by pervasive marine calcite cementa-
tion leaving no effective reservoir potential.
Indeed in analogous subsurface situations,
these units could have acted as an effective
seal for hydrocarbons trapped in the under-
lying truncated units. Large-scale carbonate
build-ups of this age on the Barents Shelf are
also tight, with no effective reservoir poten-
tial. Such build-ups are observed along the
tilted flanks of the Loppa High where they

were eroded and presumably karstified as a
result of repeated uplift in the late Permian,
probably giving good dissolution porosi-
ties; they were subsequently directly over-
lain and sealed by onlapping Triassic shales
with a probable source potential.

Uplift in the latest Permian was appar-
ently accompanied by regional regression
and at this time even the silica-cemented
Upper Permian sandstones and limestones
may have suffered dissolution and karsti-
fication over large areas, giving rise to an
interesting mouldic secondary porosity
development; this play is especially interest-
ing in areas such as the Finnmark Platform
or Loppa High where structuring may put
these potential reservoirs in direct contact
with possible uppermost Permian or low-
ermost Triassic potential source intervals
which have been tentatively identified in
several wells.

A synthesis of all recent work will be
presented on the excursion following
the International Geological Congress
in Oslo in August, comparing and con-
trasting the development of Bjgrngya
with the remainder of the Barents Shelf
(www.33igc.org).



