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Structural evolutlon of the northern Viking Graben and controls on sedimentatlon. M. E. BAD LEY, J. D.
PRICE, C. RAMBECH DAHL & T. AGDESTEIN.

This is an extended abstract of a paper (Badley et al. in press) in which the evidence for the conclusions
presented here is discussed. The paper presents a detailed analysis of the structural evolution of the
northern Viking Graben between 6fY' and 61°N which is summarised in Fig. l. Two rifting episodes, each
followed by a period of thermal subsidence, have determined the structural evolution of the northern
Viking Graben since the late Palaeozoic. Dating of the early rifting episode is imprecise, but it probably
occurred during the late Permian to early Triassic. The ensuing thermal subsidence lasted until the
Bathonian, when it was halted by the second rifting episode. Thermal subsidence was accommodated
primarily on major planar normal faults, indicating that the lithosphere bad little mechanical strength at
the end of the first rifting phase. There is insufficient subsurface control to allow the calculation of
stretching factors. The Jurassic Dunlin and Brent Groups exhibit thickening from a few tens of metres
at the basin margins, to more than 1000 and 800 m respectively in the basin centre.
The second rift episode began in the early Bathonian over much of the area but did not affect the
northern Horda Platform until the Kimmeridgian. No updoming accompanied the extension, except for
local footwall uplift, and subsidence was immediate. Greatest subsidence and stretching occurred over
the early rift phase axis and the disposition of the tilted fault blocks was controlled by the pre-existing
fault pattern. An infiux of coarse clastics from the east was deposited on the tectonically quiet northern
Horda Platform during the Callovian and Oxfordian, while to the NW and W the basin was extending
by block rotation on listric normal faults. Rifting (individual block rotation) ceased synchronously over
the whole of the graben during the Ryazanian, when marine conditions prevailed.
The switch to thermal subsidence was marked by the cessation of block tilting. Thermal subsidence
began in the early Cretaceous. Initially, it was confined mainly to the basin axial region and was fault
controlled. The resulting angular unconformity (very small in some instances) between post-rift and older
sediments provides a good means for the recognition of the base of the thermal subsidence sequence.
During the mid and late Cretaceous the locus of active faulting moved towards the basin margins and
ftexural subsidence became more important. Flexural subsidence was asymmetric across the basin, and
was accommodated in the northwest by faulting. Footwall uplift and erosion of crestal zones were
common. Only the basin margin faults remained active during the Tertiary when ftexural subsidence
affected the whole basin. The recognition of the relative significance of fault-controlled subsidence in the
thermal subsidence phase is important. Extension on the faults is possibly largely cancelled at depth
by compression below the binge zone associated with fiexural subsidence. Jnferred rapid basement
subsidence accompanied by planar normal faulting accommodating thermal subsidence does not constitute
a 'rift phase' (contra Beach et al. 1987).
Two types of unconformity with a primary tectonic cause are recognised. First!y, there are extensively
developed unconformities characterised by angular discordance and caused by either the onset, or
cessation, of extensional block tilting. Secondly, there are local unconformities, often erosive and
developed in footwalls adjacent to major faults. These are caused by footwall uplift near the crests of
fault blocks. The tempora! and spatia! relations between these fault-block-related unconformities and
the structural evolution of the area in the extension and thermal subsidence phases is clear evidence of
their underlying tectonic cause. Sea-leve! changes may, however, have played an important, if subordinate,
role in determining the development and magnitude of these unconformities. It is misleading to ascribe
the origin of local unconformities, especially those triggered by asymmetric subsidence during thermal
subsidence to 'tectonic pulses' such as the late Kimmerian, sub-Hercynian, Austrian, Laramide, etc. (e. g.
Ziegler 1982). Their development is intimately related to local conditions such as timing of the rift onset,
duration and cessation of extension, distance from the zone of maximum crustal thinning, etc. , and has
no relation to a regional (intercontinental) scale implied by worldwide usage of terms such as the
Kimmerian. Continued usage of such inappropriate terminology can only further hinder our understanding
of the complex stratigraphic and structural relations and imply an unfounded unity in localised tectonic
events. Neither the unconformities caused by differential block tilting nor footwall uplift have significance
beyond the basin in which they occur as both types are dependent on the situation, the onset, duration,
amount, timing and cessation, of extension relative to the area or feature being studied.
Vertical stacking of the relative amounts of subsidence between the different stages of basin devel
opment constrains models that can be applied to the area. For example, the thickest Brent (850 m) and
Dunlin Group sediments (> 1000 m), deposited under the infiuence of the thermal subsidence following
the first rift phase, are overlain by the thickest second rift phase sediments (> 1000 m), which are in turn
overlain by the thickest development of sediments deposited during the second thermal subsidence phase
(>4000 m). This pattern precludes the application of non-uniform stretching models (Wernicke 1985)
which predict an offset of rifting and thermal subsidence phase basins.
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Fig. l. Approximately E-W cross-sections showing the structural evolution of the Viking Graben. Sediment thicknesses have been sequentially decompacted using the appropriate
compaction relations from Sclater & Christie (1980). The cross-sections, based on well data and a composite of seismic lines, attempt to show the structural style and main structural
features. Local detailed structure has been omitted.
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values by two independent methods for the second rifting episode shows a variation

in extension across the basin, ranging from
east. Corresponding

±1.05

in the west to

in the centre and

±1.15

� values for the thermal subsidence phase are ±1.38, ±1.49 and ±1.14

±1.03

in the

respectively.

This major discrepancy precludes application of a uniform pure shear model. Rowley and Sahagian

(1986)

proposed a non-uniform, depth-dependent stretching model which can accommodate features

observed in the evolution of the northern Viking Graben.
The discrepancy between � factors for stretching and thermal subsidence brings into question the
calculation of stretching factors and fitting of subsidence curves to theoretical models based solely on
data from the thermal subsidence phase of basin evolution. Do the results presented here and by Wood
& Barton

(1983), Steckler (1985)

and Sclater & Celerier

(1987)

indicate something more significant than

simply a variation on the McKenzie model by some mode of depth-dependent stretching? Was mechanical
extension the only process involved, or was extension accompanied by an active thermal mechanism? If
this were the case it would have important implications not only for models of basin evolution, but also
for their thermal history.
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Numerical modelling of deformation processes in jointed and faulted sedimentary rocks. N. BARTON, L.
HÅVIK & A.

MAKURAT.

Recent numerical modelling of deformation processes in the subsiding Ekofisk reservoir are described
as an illustration of the potential of discontinuum modelling in the understanding of shallow crustal
deformations. The joints, bedding planes and faults represented in the assumed modelled structures may
follow complex load-deformation paths which can include shear, dilation, asperity damage, shear reversal,
cyclic closure and tensile opening. The combined effect may be radical changes in joint aperture and
joint conductivity. Understanding the large scale deformations above the Ekofisk reservoir involved the
modelling of some

150 km3

of discontinuous overburden, and indicated close coupling between com

paction magnitudes and snrface subsidence magnitudes. Continuum models generally show less surface
sensitivity to deep-seated compaction due to the enforced Jack of slip on bedding planes and faults.
Detailed modelling of pore pressure drawdown effects on the heavily jointed chalk reservoir rocks
indicate matrix shrinkage, and ultimately pore collapse in the case of highly porous zones. The effective
stress induced shrinkage of the matrix gives space for joints to shear. This shearing and any associated
dilation may explain the excellent maintenance of productivity in the Ekofisk field despite several meters
of compaction.

N. Barton, L. Håvik & A. Makurat, Norsk geoteknisk institutt, Postboks 40, N-0801 Oslo 8, Norway.
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On the contact relations of the Hornelen Basin.

l.

67 (1987)

BRYHNI.

Recent developments in the study of Devonian basins in Norway have resulted in several models (Bryhni

1964; Steel 1976; Ziegler 1982; Bryhni 1983; Roberts 1983; Hossack 1984; Steel et al. 1985; McOay et
al. 1986 and others) which bea� on waning compressional stages, transcurrent faulting or extensional
collapse within the Scandinavian Caledonides. For the Hornelen district, there are faults which cut the
entire sequence, with strong development of mylonites or cataclastites at the northern, eastern and

southern contacts. This can be interpreted in terms of either eastwards thrusting of the Devonian rocks
and their substrate (Middle and Upper Allochthon) or westwards slippage of mainly Devonian rocks by

repeated listric faulting. At the present stage it is hard to choose between the alternatives which both
may be illustrated by the figure below, and detailed field study is still imperative.

Basin migration by repeated listric
faulting,

(1983).

modified

from

Bryhni

Relative movements are not

given for the listric faults here.

I. Bryhni, Mineralogisk-geologisk Museum, Sarsgt. l, N.()522 Oslo 5, Norway.

Fault picking and seismic stratigraphy: North Sea appllcations. C. CRAMEZ, J. M. FONCK & J. LETOUZET.
In extensional tectonic regimes the seismic picking of normal faults may be used as a tool in seismic
stratigraphic studies and reservoir prediction. In heterogeneous and anisotropic sedimentary sequences
the normal faults are not planar due to differential compaction and rheological behaviour of each layer.
The volume accommodations associated with these non-planar faults occur mainly in the downthrown

block at different scales (rollovers, hanging-wall synclines) and they are a consequence of the geometry
of the fault plane. The picking of the small-scale deformation (small rollovers, and drags) not only gives
a better definition of the fault plane but also shows:
• the prediction of lithological changes within the upthrown block (sand reservoir, limestones, etc.)
• the correlation of the seismic sequences between faulted blocks.

This methodology has been used successfully in reservoir prediction by TOTAL-CFP in different basins
and is very u seful in North Sea exploration problems.

C. Cramez & J. M. Fonck, Total C. F. P. , 24 Cours Michelet, La Defense JO, 92800 Puteaux, France;
J. Letouzet, Institut Franfais du Petrole, B.P. 3II, 92506 Rueil Malmaison, Cedex, France.

Tectonic controls of thick sedimentation. J. C. CROWELL.
The deposition of thick sedimentary sequences involves the interplay through time of mechanical and
thermal processes in the lithosphere below and marginal to basins. Nearby continental source areas are
required to provide large sediment volumes. At passive continental margins thick stratal sequences build

oceanwards from continental sediment sources. In some other environments, dealt with here, stratal
prisms build

toward

source regions as depocenters migrate, perhaps accompanied by lateral shifting.

Beds are therefore laid down in shingled or overlapping sequences and reveal the style of tectonic controls

within mobile beits. Two examples from California and one from Norway are described here in order to
illustrate principles.

Within forearc depocenters of the Great Valley Group of California, laid down during oblique plate
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convergence, Mesozoic and early Tertiary stratal successions include slope, deep-sea fan, and basin-floor
deposits. These lap eastward upon a basement floor consisting of the eroded arcrocks of the Sierra
Nevada and aggregate about 12 km in thickness. In this forearc setting, subsidence is in part controlled
by a sinking cold slab and cold basin floor so that heat flow is minimal through the accumulating
sedimentary pile.
Within the San Andreas transform belt of middle and late Cenoroic age, transtensional pull-apart
basins contain both marine and nonmarine strata characterized by rapid facies changes. The basins are
the consequence of crustal attenuation and fragmentation associated with block rotation within a broad
strike-slip regime. At places hot mantle material rose high into the crust during stretching so that heat
flow was high. Rapid subsidence and deposition of deep-water turbidites was succeeded by rapid basin
filling. In Ridge basin, for example, over 10 km of beds were laid down in a shingled stack as the basin
stretched and enlarged through time.
Continental depositional sites involving great lithospheric stretching and thinning associated with Iow
angle normal faults are documented in many regions. In western North America nonmarine deposition
of coarse continental beds has resulted, locally associated with volcanism and high heat flow. The beds
were tilted and rotated vertically as the basins opened. In western Norway, the 25 km thickness of
shingled beds within the Devonian Hornelen basin may have accumulated in a somewhat similar fashion.
Perhaps the floor of the basin slid relative)y westward upon one or several gently inclined Iistric faults so
that a depocenter continued to open at the basin's eastern end. Most of the sediment entered the basin
at this end, carried in from eroding Caledonian Mountains adjacent on the east. As the scoop-shaped
block moved relatively westward and slightly downward, conglomerates were also spewed into it from
both the northern and southern basin margins. These margins are tectonically controlled by a dextral
fault system with low-angle oblique slip on the north, and a sinistral fault system on the south. These
structures and events may well have overprinted and followed Caledonian ramp thrusts, as suggested by
J. R. Hossack (J. Geo/. Soc. London, Vol. 141, pp. 629-637, 1984), and have also been later overprinted
by post-Devonian folding and faulting.

J. C. Crowe/1, Department of Geo/ogy, University of California, Institute of Crustal Studies, Santa Barbara,
California 93106, USA.

Different migration techniques to solve tectonic problems.

J. P. DIET.

Complex tectonic problems are still a challenge to geophysicists who have to provide geologists with
trustworthy images of the subsurface using the seismic method. The key stage in sequential processing
of seismic data is migration, which aims to recover the reflectivity structure from a tangle of reflections.
The different migration techniques available nowadays rely on different assumptions about the degree
of complexity of the geology. Smooth media can be imaged with simple and robust migration algorithms
(post-stack time migration), whereas complex structures require the most sophisticated techniques ( pre
stack depth migration) which unfortunately depend critically on the velocity parameters. Between the
two, there are a wide variety of techniques to solve particular problems such as imaging of steeply dipping
reflectors or imaging through a rough interface. In all cases the important point for the geologist is to
check that the final image obtained is consistent with the assumptions which had to be made for the
migration.

J. P. Diet, Compagnie Generale de Geophysique,

l. Rue Leon Migaux, 91341 Massy Cedex, France.

N. North Sea.
Tectonic control on sedimentation in the Statfjord Formation, Statfjord Field,

L.-M. FÅLT.

The Statfjord Formation in the Northern North Sea spans the Triassic-Jurassic boundary, and forms a
transition from non-marine to marginal marine deposits. It was deposited in response to a tectonic pulse,
related to an early stage of rifting in the Viking Graben.
Detailed studies of the Statfjord Formation in the Statfjord Field have been performed, based on cored
sections and wire-line log correlations, in order to establish a depositional model.
The major part of deposition took place in an alluvial environment. In the Eirikson Member of the
Statfjord Formation, depositional sequences may be identified which are believed to be related to tectonic
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activity. These sequences commence with fine-grained ftood-plain deposits, overlain by mouth bar or
Gilbert type delta deposits, laid down in shallow aqueous basins. The sequences are completed with
relatively thick and complex associations of fluvial channel and overbank deposits. The development is
interpreted to reftect tectonic pulses and subsequent progradation of coarse clastic depositional systems
infilling the basin.
The identification and correlation of the depositional cycles can provide important support for the
successful modelling of sand bodies and permeability barriers within the reservoir.

Complex association of fluvial
channel and flood-plain deposits.
20-40m

SEQUENCE WITHIN THE
STATFJORD FORMATION

�bert t y pe

3-6m

delta. Progradation

of

coarse

clastics into shallow
aqueous basin.
-AGTIVE FAULTING ------Extensive shale with root struc
tures and caliche.

5-15m

L.-M. Fiilt, Geological Laboratories, Statoil, P. O. Box 300, N-4001, Stavanger, Norway.

The Scandinavian alum shales- depositlon in response to early Caledonian thrustlng?

D. G.

GEE.

Kerogen-rich shales of Mid Cambrian to earliest Ordovician age occur extensively in Scandinavia. Their
deposition on the Baltoscandian platform extended from Finnmark in northemmost Norway to Skåne in
southem Sweden and beneath Denmark. The youngest member of this, the so-called Alum Shale
Formation, are of Tremadoc age and extend eastwards to the Baltic states and southwards into Poland.
The formation can be traced beneath and within the lower Caledonian nappes of the Seandes as far west
as the present Norwegian coast.
The transition in the Mid Cambrian from the older, shallow marine successions of shales and sandstones
into deeper (100m+), anoxic environments has been generally interpreted to reftect small changes in
the passive margin evolution of this western part of continent Baltica. An alternative hypothesis is
entertained here - that the deepening of the basin in the Mid Cambrian was related to early Caledonian
(Finnmarkian) subduction along the outer Baltoscandian margin and initial loading of the latter by some
of the rock units now preserved in the Upper (and Middle?) Allochthon(s) of the Scandes.
Evidence for Early Caledonian deformation of the Baltoscandian margin has been based, until recently,
on isotopic age-determination studies in the Finnmark area of northem Norway. Pre- and syntectonic
intrusions of the alkaline Seiland Igneous Province have yielded whole rock Rb/Sr ages of c. 620-500 Ma.
These have been interpreted to be related to early Caledonian (Finnmarkian) orogenesis; alternative!y,
they have been ascribed a pre-Finnmarkian origin during opening of the Iapetus Ocean and development of
the Baltoscandian passive margin. Independent of these alternatives in Finnmark, there has accumulated a
large body of isotopic age-determination evidence elsewhere in the mountain belt, favouring early
Caledonian subduction (W-dipping) and medium to high grade metamorphism of the outer margin of
Baltoscandia, followed by early Ordovician uplift and cooling. Much of this uplift history is documented
by 40Arj39Ar hornblende ages of c. 460-510 Ma which clearly reach back into the Tremadoc. Subduction
of the Baltoscandian margin to allow metarnorphism at depths of over 30 km must have started at )east
20 Ma earlier. It seems therefore probable that the alum shale deposition reftects the onset of this early
Caledonian tectonothermal activity and thus provides critical evidence relevant to the timing of the
initiation of subduction.

D. G. Gee, Geological Institute, University of Lund, 22362 Lund, Sweden.

The Fennoscandlan llthosphere, extent and structure on the basis of selsmic topography and other
geophysical studies.

E. S.

HUSEBYE, H.

E. Ro

&

B. 0.

RUUD.

Mapping of lateral heterogeneities, in particular within the lithosphere and asthenosphere, is an integral
part of the seismological research providing ever more detailed information on the structural mosaic of
the earth's interior. Such anomalies reftect imprints of both continuing and past geodynarnic processes,
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and in this context may serve as boundary conditions/physical constraints for such modelling. An
additional problem is that the life span of geophysical anomalies may be only a few hundred million
years, while the correspi>nding geological imprints may easily persist back to Archean times.
In this presentation the current knowledge on the extent and structure of the Fennoscandian lithosphere
would be outlined. For example, tomographic studies based on P-travel time anomalies indicate that the
thickest/coldest (highest velocities) part of the Baltic Shield is beneath the central part of the Baltic Sea.
The Tørnquist-Teissyre time represents a major lithosphere discontinuity, dipping northeastwards, as it
can be 'traced' well beneath a depth of 100 km. Although the Oslo Graben does not exhibit a seismic
image below Moho, the rift serves as a boundary between the two Sveco-Norwegian provinces of ages
1500 and 1700 Ma respectively. Within the graben, however, both gravity and seismic investigations imply
a 3-layered structure with a Moho depth of about 32-34 km. The crustal thicknesses in the coastal areas
of NW Norway (say north of Sognefjord) are around 40 km, which is attributed to the Caledonide orogen.
Due to a general lack of observational data, details on the extent of deformations of the pre-Caledonide
western extent of the Baltic Shield are at best blurred.

E. S. Husebye, H. E. Ro & B. O. Ruud, Institutt for geologi, Universitetet i Oslo, P. O. Box 1047 Blindern,
0316 Oslo 3, Norway.

The Nordkapp Basln, a m�or salt feature in the

SW

Barents Sea.

E.

LIND.

In the SW Barents Sea two significant salt basins are outlined (Tromsø Basin and Nordkapp Basin), and
in addition several isolated salt structures have been located (e.g. Nøkken, Nøkkeliten, Gamvik Dome).
The Nordkapp Basin is dominated by salt walls and diapirs along the basin axis that are surrounded
by a salt withdrawal basin. Many of the diapirs penetrate almost to surface and can be traced to a depth
of more than 10,000 m. The secondary peripheral sinks contain a Cretaceous sequence that is a maximum
20% thicker than the surrounding platform and a Jurassic/Triassic sequence maximum 100% thicker
than that of the adjacent area.
The salt withdrawal basin is most clearly expressed along the south-southeastern margin of the basin,
and is often separated from the platform by normal faults with curved axial traces. Along the north
northwestern margin the salt masses have been intruded along older rejuvenated faults. It is suggested
that the formation of the salt pillow along the ftanks of the Nordkapp Basin may have resulted from
outward movement of salt from the withdrawal basin.
In the SW Barents Sea two salt source beds may be present. While Permian salt is present along the
ftanks of the Nordkapp Basin, an older pre-Permian salt layer probably underlies the regional platform.

E. Lind, Nopec Geo Services A/S, P. O. Box 1931, Moholtan, 7001 Trondheim, Norway.

Tectonic development of the SW Barents Sea with special reference to the Strategic Blocks.

S.

LIPPARD.

The tectonic development of the area can be divided into five phases:
l. Late Paleozoic. Uplift of the Loppa and Berlevåg Highs causing erosion and non-deposition of the
Upper Permian and older strata. Downfaulting of the Nordkapp Basin to the SE of the Berlevåg High
along a major NE-trending fault zone.
2. Triassic-Jurassic. Early salt movements and increased sedimentation in salt-withdrawal synclines.
Initial development of the Gamvik Dome and other salt-cored anticlines in an elongate depression
between the Loppa and Berlevåg Highs. Faults now largely inactive.
3. Early Cretaceous. Rifting, producing a multidirectional pattern of narrow grabens over the Loppa
and Nordkinn Highs. Formation of tilted fault blocks on the Tunheim Terrace. Complex movements
along major fault zones with some evidence for late wrenching producing local reversed movements
following earlier normal faulting.
4. Late Cretaceous-Early Tertiary. Halokinesis in the Nordkapp Basin and Nøkken diapirs producing
major piercements. Continued development of salt-cored anticlines such as the Gamvik Dome. Faulting
largely inactive.
5. Mid-Late Tertiary. Uplift and erosion over most of the area.

S. Lippard, Nopec Geo Services A/S, P. O. Box 1931, Moholtan, 7001 Trondheim, Norway.
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Relation of thrust tectonics and molasse sedlmentation. Example area: Northem Swiss Alps. A.

G. MILNES.

Molasse in its type area has been the subject of many sedimentological and biostratigraphical inves
tigations, and the evolution of depositional environments, dispersal patterns, erosional products and
cliinatic conditions throughout its history (early Oligocene to late Miocene) has been described in great
detail. Recent work has filled out the classical picture of two major coarsening-upward megacycles; huge
subaerial aUuvial fans prograding northwards in each cycle, deposited by large rivers emerging from the
rising Alpine mountain chain and grading into a wide ftood plain with longitudinal drainage or, at the
beginning of each cycle, into a shaUow sea. The early Alps, however, were not only rising; active
orogenesis was in progress throughout the whole depositional period - large-scale overthrusting (Helvetic
and Prealpine nappes), crustal subduction (Tavetsch basement), large-scale recumbent folding and back
falding (Pennine rone), granite intrusion (Bergell, Novate) were aU taking place. The source area of the
Molasse rivers was the site of considerable, post-collisional, crustal shortening ( from 200 to 100 km
width), and the original southem margin of the Molasse basin was overridden by Alpine nappes for a
distance of 30 to 100 km at the same time. Although post-depositional deformation was intense, under
and ahead of the nappes ('Subalpine' and 'folded' Molasse), signs of unusual tectonic unrest within the
sediments have not been described. What did the interface between active compressional tectonics and
continuous basin sedimentation look like and why is evidence of it lacking? The only remains seem to
be occasional anomalous horizons, such as the 'Appenzeller granite', an aUuvially reworked major
landslide. At the end of its history (late Miocene to early Pliocene), the Molasse itself was uplifted
'tectonicaUy', i.e. by as much as 25 km up-dip movement on a decollement in the underlying Triassic
evaporites, which also led to the formation of the Jura fold-and-thrust belt.

A. G. Mi/nes, Geologisk institutt, Universitetet i Trondheim, 7034 Trondheim-NTH, Norway.

The interplay of regional tectonics and global transgression reftected by Lower Silurian sedlmentation in
the Oslo Region.

N. K. MØLLER.

The upper Aeronian to middle Telychian Rytteråker Formation is a generally transgressive sequence
deposited in storm-dominated carbonate platform environments and preserved throughout the Oslo
Region. A shallowing upward sequence in the lower part of the formation is preserved in the central and
southern parts of the region. It reftects the retreat of an offshore marginal belt of bioclastic shoals and
bioherms towards intracratonic land areas in the East in response to a global rise in sea level. The entire
development of the formation in these parts of the Oslo Region indicates a period of epeirogenic
subsidence, undisturbed by local tectogenetic events. However, estimated netto-sedimentation appears
to demand a somewhat higher rate of sea leve! rise than would be expected by a purely eustatic rise
combined with epeirogenic subsidence.
In contrast the northernmost districts of the Oslo Region display thin developments of the Rytteråker
Formation and time-equivalent units, which may be related to rapid subsidence in response to Caledonian
orogenic movements. The overall facies development in these districts points to basinal inversion around
the Aeronian/Telychian transition.

N. K. Møller, Paleontologisk Museum, Sars gate l, N-0562 Oslo 5, Norway.

Ordovician-Silurian restoration between Svalbard and Ellesmere Island.

Y. OHTA.

The high-pressure metamorphism in Motalafjella, central western Spitsbergen, has been dated older
than 470 Ma and possibly younger than Arenig. A ftyschoid succession unconformably overlies the
metamorphic complex and has fossils ranging from Cadomian to Llandovery. This ftyschoid was folded
later recumbently and the cleavages show 420 Ma. A thick molasse of latest Silurian-E-M Devonian age
covers all metamorphic and metasedimentary rocks unconformably.
A distinct sub-Cadomian unconformity occurs in northern Ellesmere Island, and the underlain meta
sediments and ophiolitic ultrabasic rocks show 452 Ma and 481 Ma, respectively. The successions from
Cadomian to Ludlow include a large amount of calc-alkaline rocks and high-K tholeiites and clearly
indicate an island are development in this period along the northwestern part of the island. The tectonic
high land formed in this period discharged as the source area for the thick clastic sediments filled the
Hazen Trough to the south, which later developed into the Ellesmerian folded belt in the Devonian
Mississipian period.
Y. Ohta, Norsk Polarinstitutt, P. O. Box 158, 1330 Oslo Lufthavn, Norway.
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A finite element approach to dynamlc modeUing or the Tertiary upUft or Western Scandinavla.
&

E. S.
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H. E. Ro

HUSEBYE.

The topic of this presentation is numerical geodynamic experiments on the lithosphere deformations in
Western Scandinavia during rifting and subsequent opening of the Norwegian-Greenland seas. The
structural modelling is lied to a stratified lithosphere characterized by approximate Newtonian viscous
fluid material properties. The upper crust and sub-moho lithosphere are presumed to deform by brittle
failure, the lower crust by plastic creep and, finaUy, the lower lithosphere and asthenosphere to behave
as viscous ftuids. With this kind of model, deformation, mass ftow and heat transport in all Iayers are
strongly temperature dependent and naturally layer depth is important as weU.
Two E-W profiles at 67"N and 700N, respectively, are modelled with presumed pre-rifting structures
used as boundary conditions. The principal difference between the two models is in crustal thicknesses
of about 15 km (VøringBasin) and 35 km (Lofoten Islands), respectively. As driving force, a combination
of an active rifting model with convective upwelling of asthenospheric material and a passive rifting
model characterized by an extensional stress regime as a consequence of large-scale plate interactions.
Both mechanisms provide energy for subsequent rifting of the lithosphere.
Preliminary results of these experiments show that the ftow of light asthenosphere material (mainly
vertical) is relatively fast for the model with thin crust. On the other hand, the thick crust model is
characterized by predominantly lateral ftow and in consequence larger uplifts.

H. E. Ro & E. S. Husebye, Institutt for geologi, Universitetet i Oslo, P. O. Box 1047 Blindern, 0316 Oslo
3, Norway.

Pre-Jurassic extension in the Central North Sea.

J. G.

SCLATER,

S.

HELLINGER &

M.

SHOREY.

The post-Carboniferous subsidence history of the Central North Sea Basin can be separated into three
major periods: Permian, Triassic and post Mid-Jurassic. Prior efforts to account for this subsidence within
an extensional framework have concentrated on the post Mid-Jurassic. These efforts have ignored the
previous periods of subsidence and have predicted much greater extension than that determined by
measuring the apparent displacement on faults on industry seismic lines.
Adding two earlier phases of extension to account for the Permian and Triassic subsidence produces
a nearly constant Late Carboniferous crustal thickness and gives an excellent match to the observed post
Carboniferous basement subsidence history. It reduces the amount of post Mid-Jurassic extension
required and gives an improved lit to post Mid-Jurassic fault displacements.
There is ample evidence of Triassic rifting. However, evidence for Carboniferous and Early Permian
faulting is uncertain and may be absent. A betler understanding is needed of the tectonic events during
this time span.

J. G. Sclater, S. Hellinger & M. Shorey, Department of Geophysics, University of Texas at Austin, 8701
North Mopac Blvd, Austin, Texas 78759-8345, USA.

Development or the Upper Proterozoic sedimentary basins or Varanger Peninsula, North Norway.

A.

SIEDLECKA.

Two different Upper Proterozoic sedimentary piles occur on the Varanger Peninsula, North Norway,
and are juxtaposed along the polyphase NW-SE trending Trollfjord-Komagelv Fault Zone. Stratigraphy,
thickness and sedimentary facies sequences of these two sedimentary successions reftect the nature and
development of the two sedimentary basins in which they were accumulated. The shallow autochthonous
basin, located southwest of the fault zone, originated along the subsiding north-eastem margin of the
Fennoscandian Shield and accumulated ftuviodeltaic and shallow marine sediments; the deep northeastem
basin resulted from vertical differential movements along a major fracture zone and accumulated thick
sequences ranging from submarine fan to ftuvial deposits. This basin was formed at a considerable
distance from the margin of the Fennoscandian Shield, and was brought to its present position by a major
dextral strike-slip movement after sedimentation was completed.

A. Siedlecka, Geological Survey of Norway, P. O. Box 3006, 7001 Trondheim, Norway.
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The Trollfjord-Komagelv Fault, its tectonlc history and control on Late-Precambrian and Early Paleozoic
sedimentation.

C. T OWNSEND.

The Trollfjord-Komagelv Fault forms a major WNW-ESE trending Iineament along the northern
boundary to the Caledonian thrust belt of Finnmark, north Norway. It is part of a major transform
margin along the north coast of Finnmark which was active during Late-Precambrian times, the Caledonian
Orogeny, and possibly reactivated in Late Paleozoic, Mesozoic or even Cenozoic times.
The Trollfjord-Komagelv Fault is a dominantly dextral strike-slip fault which separates the Barents
Sea Group to the north from the External Thrust Belt with some 500+ km of pre- and syn-Caledonian
displacement. In the Tanafjord region the Trollfjord-Komagelv Fault has a slight change in orientation;
this forms a releasing bend during dextral displacement and consequently a nucleus for sedimentary
basins.
The Barents Sea Group forms a 1.5 km thick sequence of Riphean to Vendian sediments which are
thought to have been deposited in a rapidly subsiding basin, controlled by the Trollfjord-Komagelv
Fault, indicating that this fault was in existence in Precambrian times. To the south of the releasing bend
Riphean to Early Ordovician clastic sediments were deposited above a detachment increasing in depth
towards the Trollfjord-Komagelv Fault, prior to the onset of thrusting in east Finnmark. Detailed
stratigraphic studies have yet to be undertaken on most horizons; however, there is evidence of thickening
towards the basin on the releasing bend, especially in the Ekkerøy Formation of the Vadsø Group.
During the Caledonian Orogeny the Barents Sea Group was brought into place, possibly displaced by
over 500 km, and juxtaposed against the Riphean to Early-Ordovician sedimentary basin. The Barents
Sea Group must have undergone some extension as it went around the releasing bend. This can be seen
on some of the faults to the north of the Trollfjord-Komagelv Fault. A rejoining splay formed along the
re leasing bend. The Riphean to Early-Orovician basin was compressed by the Caledonian thrusting, and
the releasing bend became restraining, which resulted in the folding of the splay along the Trollfjord
Komagelv Fault. The thrust faults which deformed the basin can be traced northwards, changing their
orientation towards the Trollfjord-Komagelv Fault where they become oblique-slip faults. Adjacent to
the Trollfjord-Komagelv Fault they become sub-parallel and have a strike-slip displacement along them.

C. Townsend, Cambridge Arctic Shelf Programme, Dept. of Earth Sciences, West Building, Grave/ Hill,
Huntingdon Road, Cambridge, U. K.

Subsidence-rates versus tectonic position in grabens:

B. 0.

TØRUDBAKKEN &

R.

An

example from the Norwegian Continental Shelf.

GABRIELSEN.

The Haltenbanken area is situated within the southern part of the Kristiansund-Bodø Fault Complex on
the mid-Norwegian Shelf. The structural evolution, as interpreted from the seismic data, includes
Mesozoic and Cenozoic rifting. With reference to the base Cretaceous leve!, the main structural elements
are the Western Trøndelag Platform, the Haltenbank Segment of the Kristiansund-Bodø Fault Complex
and the Møre Basin. The Haltenbank Segment may be divided into four 'subplatforms'. A marginal high
limits the subplatforms to the West against the Møre Basin.
The subsidence history of the different structural elements of the graben has been studied mainly from
well data. In the Triassic and Early Jurassic, relatively similar subsidence patterns are found in the
Haltenbank Segment and the Western Trøndelag Platform. A positive correlation is present between
subsidence rates and the position of the wells relative to the graben structural elements formed during
the Late Jurassic and Cretaceous. The highest subsidence rates occur in the Møre Basin, white the
subplatforms and the Western Trøndelag Platform show moderate and low subsidence rates, respectively.
In the Cenozoic, subsidence patterns are uniform for the wells studied in the Haltenbank area.

B. O. Tørudbakken & R. Gabrielsen, Saga Petroleum, P. O. Box 9, 1322 Høvik, Norway.

The lithostratigraphic scheme for Tromsøflaket in a regional structural framework.

D. WORSLEY.

Following several years' use of informal terminologies, a Iithostratigraphical scheme for the Mesozoic
and Tertiary sequences of Tromsøflaket will be presented shortly (NPD bull. 4, 1988). The scheme
naturally reflects both eustatic and tectonic controls on sedimentation, the latter clearly displaying the
effects of movements related to the evolution of both western and northern plate margins.
Information from late Paleozoic sequences is still too Iimited to permit presentation of a formal
lithostratigraphy. However, we see clear equivalents and parallels to units already recognized on Svalbard.
The late Permian to mid-Triassic represents a period of regional basinal subsidence and progressive onlap
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of earlier structural highs. A short-lived switch in palaeogeographic style in the late Triassic suggests
large-scale nplift along northern shelf margins and partial structural inversion.
Facies and thickness patterns in the main reservoir and hydrocarbon source sequences of the Trom
søflaket and Fugløybanken groups show two main counterposed structural controls on sedimentation
before and during Kimmerian tectonism in the area: East-West basin parallel trends and North-South
trends related to development of the Ringvassøy-Loppa Fault Complex. The latter finally resulted in
clear differentation of subsidence histories between the Tromsø and Hammerfest Basins.
Post-Kimmerian stratigraphic units reftect two main phases of basinal subsidence in the early Cretaceous
and early Tertiary. These were separated by renewed tectonism, including formation of the Senja Ridge,
in the late Cretaceous. Early Tertiary deposition was followed by a phase of uplift and erosion which
removed a significant thickness of Tertiary sediments from the Hammerfest Basin.

D. Worsley, Saga Petroleum, P. O. Box 9, 1322 Høvik, Norway.

