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Structural analysis of the Devonian Basin of northem Svalbard shows that the basin lill is alfected by large-scale, N-S trending
folding and thrust faulting. This folding can be attributed to both the Late Devonian Svalbardian and the West Spitsbergen Fold
Belt deforrnation tectonic events. Each of these events corresponds to E-W compression and there is no evidence for Late
Devonian transpression. The basin lill is presently limited by N-S trending extensional faults which parallel those controlling the
post-Eocene structure of the western margin of Svalbard. The older basin sediments reflect extensional fault activity at the time of
deposiiion, while deposition of the younger rocks was not accompanied by any signilicant faulting. Simplilied modelling of the
subsidence history of the Devonian Basin suggests that most of the tectonic subsidence occurred during the 8 Ma Gedinnian period
by extension which produced a lithospheric thinning with a stretching factor of about 1.82. The tectonic subsidence was followed
by therrnal subsidence from Siegenian to Famennian time (41 Ma). The Svalbardian tectonic event can be correlated with the
Mid-Devonian to Early Carboniferous Ellesmerian orogeny which alfected large areas of the North American-Greenland Block.
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Devonian red bed sequences of Spitsbergen, like those of
East Greenland, Norway and northwe�t Scotland, repre
sent the same sedimentary responses to the extensional
collapse of the overthickened Caledonian orogen (e.g.
Dewey 1982; Norton et al. 1987; McClay et al. 1986;
Seranne & Seguret 1987). The Devonian Basin of Sval
bard (Fig. l) is one of the !argest and best exposed of
these basins. Although the lithostratigraphy, sediment
dispersal patterns and biostratigraphy of the Devonian
Basin infill of Svalbard is known in some detail (Gee &
Moody-Stuart 1966; Friend & Moody-Stuart 1972; Reed
et al. 1987; Murasov & Mokin 1979), the general geome
try, the distribution of deformation structures and the
mechanics of their formation are only poorly under
stood. Nevertheless, large-scale tectonic models involving
Late Devonian megashearing for the North Atlantic
Arctic Ocean region (Harland & Wright 1979; Ziegler
1982, 1988) have been proposed on the basis of available
knowledge of the structures developed in the Devonian
Basin of Svalbard.
Svalbard is characterized by the presence of the West
Spitsbergen Fold Belt which affects the Caledonian base
ment and the Late Palaeozoic-Mesozoic sequences (Fig.
1). The formation of this fold belt in Late Cretaceous
Late Palaeocene time by the Greenland-North America
convergence (Lyberis & Manby, this volume) was fol
lowed by Eocene dextral strike-slip motion during the
opening of the North Atlantic-Arctic Ocean Basins.
From the Oligocene to the present-day northwards prop
agation of the Knipovich Ridge gave rise to significant
extension and crustal thinning of the Western Margin of
Svalbard. Befare the Late Cretaceous Greenland-North
America convergence Svalbard was linked to Greenland

and the earlier evolution of Svalbard must be considered
together with that of Northern Greenland and the Cana
dian Arctic.
The N-S trending extensional faults, of kilometric
scale, which control the present-day configuration of the
Devonian Basin parallel those on the Western Svalbard
Margin (Fig. 1). These faults are believed to be a conse
quence of post-Eocene extension, accompanying the ac
cretion along the Knipovich Ridge (e.g. Talwani &
Eldholm 1977), which reactivated pre-existing structrues
(Manby et al., submitted). The most important of these
faults are the Billefjorden Fault Zone, which presently
limits the Devonian Basin to the east and the Raudfjor
den Fault Zone which forms the western boundary of the
Basin (Figs l , 2). Detailed field studies (Manby et al.,
subrnitted) have shown that since Late Silurian time the
Billefjorden Fault Zone has been reactivated by a se
quence of extensional and contractional events. Although
these fault zones separate the present-day Devonian sed
iments from the basement blocks (Hecla Hoek), it is
known for certain whether they correspond to the pri
mary basin faults.
lnternally, the Basin consists of two major lithostrati
graphic units representing successive stages of its evolu
tion and which are exposed, from oldest to youngest, in
an easterly direction. The oldest part of the basin infill
(the Siktefjellet Group and Red Bay Group, Fig. 2)
occurs only in the narrow elongate basin bounded by the
Raudfjorden and the Breibogen Faults. The youngest
part of the basin infill (Wood Bay Group ) is bounded to
the west by the Breibogen Fault and to the east by the
Billefjorden Fault Zone. The two parts of the basin
sequence are for the most part separated by a narrow,
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N-S trending, horst-like block (Fig. 2) of high grade
metamorphic basement rocks (Hecla Hoek).
Whilst previous authors (Friend & Moody-Stuart
1972; Harland et al. 1974) have noted that the Devonian
sediments are locally folded, details of the extent and
geometry of the folds are lacking. Here we show that the
folds, rather than being local features, affect the entire
basin infill. Recent field work, including a detailed struc
tural analysis, has been carried out over a large part of
the Devonian Basin of Northern Svalbard and its mar
gins. This work has provided the basis for presenting a
comprehensive structural overview of the basin deforma
tion and for proposing a more complete tectonic model
for the evolution of the basin in a wider regional context.

Geological setting
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Fig. I. Simplified geological map of Svalbard. BFZ, Billefjorden Fault Zone.
BBFZ, Breibogen Fault Zone. RFZ, Raudfjorden Fault Zone. LFZ, Lomfjorden
Fault Zone.

The collapse of the Caledonian Orogen in Devonian time
led to the formation of several localized terrestrial to
marginal marine basins in the North Atlantic-Arctic
Ocean region. In the Arctic Ocean region, sedimentation
in these basins, which continued into early Carboniferous
time, was replaced in the Late Carboniferous by platfonn
conditions that extended across the whole Barents Sea
Shelf, Northern Greenland and the Canadian Arctic
Islands. These conditions persisted through to the Late
Cretacteous without any significant tectonism.
The main part of the Devonian Basin of northern
Svalbard is characterized by 8-9 km of fiuviatile red
beds interbedded with occasional marine cabonates and
brackish water or lagoonal sediments (Friend & Moody
Stuart 1972; Reed et al. 1987; Murasov & Mokin 1979).
Southwards the basin plunges beneath the late
Palaeozoic to Mesozoic and Cenozoic successor basins
which dominate southern Svalbard. Faults such as the
Billefjorden Fault Zone are known to coincide with
Caledonian structures (Manby et al., subrnitted; Lyberis
& Manby, this volume) but later reactivation has made it
diffi.cult to assess the extent to which these faults have
influenced Devonian sedimentation.
The early Carboniferous shallow marine quartz-sand
stones with local coal deposits are locally succeeded by
thick sabkha-like sequences. The Carboniferous to Per
mian sequences are dominated by carbonates representing
a passage from restricted basins, separated by basement
highs, to shallow marine sedimentation which spread
across the whole Barents Sea platform in this interval.
Localized disconformities within the Carboniferous se
quences show that this period of sedimentation was
associated with minor faulting related to gradual subsi
dence of the Carboniferous platfonn. Although this fault
ing was associated with basaltic igneous activity of
continental affinity, there is no evidence of any significant
tectonsim at that time. The platform sedimentation contin
ued into Late Permian to Jurassic time. In the Triassic to
Jurassic interval the platfonn deepened and argillites and
black shales were deposited. The Cretaceous sedimentation
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2. Sketch map of Northern Svalbard indicating broad stratigraphic divisions and structures within the Devonian Basin. Major structural features of the West
Spitsbergen Fold Belt are also illustrated for comparison. P, Pyramiden. K, Krosspynten. KK, Kapp Kjeldsen.

Fig.

is characterized by increasing terrigenous input reftecting
the progressive basin instability fore-shadowing the Late
Cretaceous Greenland-Svalbard convergence and forma
tion of the West Spitsbergen Fold Belt (Lyberis and
Manby, this volume).

Devonian stratigraphy and sedimentology

The stratigraphic sequence of the Devonian Basin of
Svalbard (Table l ) is well known from the lithostrati-

graphic and biostratigraphic descriptions by Gee &
Moody-Stuart ( 1966), Friend & Moody-Stuart ( 1972),
Blieck & Heintz (1979) and Murasov & Mokin (1979).
Here, we present, on the basis of these descriptions and
our field work, an interpretative outline of the sedimento
logical and tectonic evolution of the basin.
In the Raudfjorden, Liefdefjorden and Blomstrand
halvøya (Kongsfjorden) areas (Fig. 2) the basal uncon
formity between the basin infill and the basement can be
observed. The base of the 1800 m thick Siktefjellet
Group consists of a subrounded, polymict conglomerate
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Table /. Stratigraphic synthesis of the Devonian sediments given by Murawv & Mokin (1979).
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followed by grey-green sandstones, in the Raudfjorden
to Bockfjorden area. Gee & Moody-Stuart ( 1966) have
suggested that the boundary between the Siktefjellet and
the overlying 2300 m thick Red Bay Group (Late Gedin
nian) is marked by an angular unconformity correspond
ing to the Haakonian tectonic event. However, our study
of the contact between these two Groups has shown that
it is not an angular unconformity but an erosional sur
face, and both groups are equally deformed.
The basal conglomerates of the Siktefjellet Group and,
more particularly, those at the base of the Red Bay
Group (Fig. 2, 3) evidence periods of important fault

Lil1jeborgfjellet
up

to 400

activity. The Red Bay conglomerate, between Raudfjor
den and Liefdefjorden, overlies the Siktefjellet sandstones
but to the north and south of this area it Iies directly on
the basement. The basement shows a progressive increase
in hydraulic fracturing and veining (dilation) and possi
bly large-scale brecciation in the vicinity of the contact.
In many localities, detached basement blocks are injected
by sands and fine-grained sediments. Occasionally, large
scale blocks ( decametric) of basement marbles are incor
porated within more rounded pebbly conglomerates of
the Red Bay Group (cf. Murasov & Mokin 1979). The
linear distribution and large clast size of these breccia
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Fig. 3. Field sketch of the Hecla Hoek-Red Bay unconformity at Rivieretoppen, NW Raudfjorden (for location see Fig. 2).

conglomerates combined with increasing hydraulic frac
turing strongly suggests that the sediments were gener
ated by active faults. The pebble beds overlying the basal
breccia conglomerates are strongly cleaved in the Raud
fjorden, Liefdefjorden and Blomstrandhalvøya areas. In
the Liefdefjorden area these deposits are also repeated by
east directed small-scale thrust faults (Fig. 4). The cleav
age developed in these areas does not appear to be
associated with any folding but is the result of shortening
within the horses during the thrusting.

Fig. 4. Small-scale east-directed imbricate thrust faults in the basal conglomerates
of the Red Bay Group, below Hannabreen (Liefdefjord). Conglomerates exhibit
pressure solution cleavages.

The upper part of the Red Bay Group, exposed be
tween Raudfjorden and Liefdejorden, consists of coarse
grained red sandstones interbedded with calcareous silts
and mudstones followed by quartz-pebble conglomer
ates. Abundant fish and ostracod fossils have been found
throughout the Red Bay sequence, confirming their
Lower Devonian (Gedinnian) age and littoral-marine
origin (cf. Murasov & Mokin 1979). The youngest rocks
of the Red Bay succession are found to the north of
Liefdefjorden, where they are described (Friend &
Moody-Stuart 1972; Murasov & Mokin 1979) as passing
conformably into the lower part of the Wood Bay
Group. The greater part of the Wood Bay Group is
exposed to the east of the Breibogen fault zone (Fig. 2).
It is not known to what extent the older parts of the
succession are developed to the east of the fault zone.
Multichannel seismic profiles (unpublished report), grav
ity and field studies (Harland et al. 1974 and this study)
indicate that at least 4.5 km of sediments is preserved in
the eastern part of the basin.
In the northern part of the basin, from Liefdefjorden
to eastern Andree Land, three mappable lithostrati
graphic units coinciding with the faunal divisions (Friend
& Moody-Stuart 1972) can be traced (Fig. 2). The lower
part of this succession is dominated by red sands, silts
and mudstones often containing abundant fish, ostracod
and plant remains, indicating a Siegenian to Emsian age
(Murasov & Mokin 1979). Across Reinsdyrftya and
northern Andree Land the lighter (Lykta faunal division,
Friend & Moody-Stuart 1972) is succeeded by the darker
grey, brackish water, Gråhuken Formation. However, to
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the south, in Dickson Land, the lighter coloured
sediments are succeeded by grey sandstones and silt
stones with abundant plant remains indicating a Late
Devonian to Early Carboniferous age for these rocks
(Mimerdalen-Munindalen Formations). The base of the
Mimerdalen Formation is described as an erosional sur
face (Friend & Moody-Stuart 1972; Murasov & Mokin
1979) explaining the lack of Gråhuken (Grey Hoek)
Formation rocks in the southeast of the basin.
The detailed sedimentological analysis of the Wood
Bay rocks by Friend and Moody-Stuart (1972) indicates
that throughout the basin the sediment dispersal pattern
was determined by three, northward flowing, river sys
tems. The !argest of these river systems was located along
the present-day eastern margin of the basin, close to the
Billefjorden Fault Zone. Following these authors, it is
apparent that the southeastern margin of the Devonian
Basin was emergent, whilst to the north the basin was
close to sea levet. Red bed sequences are not found west
of Raudfjorden, but many small outcrops occur to the
southwest, between Krossfjorden and Kongsfjorden
(Blomstrandhalvøya, Loven Islands; Burov & Semevskij
1979). In many cases these small outcrops are character
ized by developments of large boulder breccias, similar to
those at the base of the Red Bay Group. Although
subsequent contractional and extensional deformation
has partially masked the original geometry, the presence
of the basal breccias along several distinct lines suggests
that internally the main Devonian Basin may have con
sisted of a number of sub-basins.
The extent to which the basin was developed to the west
remains speculative, some limited Mid-Devonian sedi
ments are known to crop out in the Hornsund area of
southern Spitsbergen. Although, Friend and Moody-Stu
art (1972) and Harland et al. ( 1974) suggest that the
Hornsund and Andree Land sequences were developed in
close proximity and subsequently displaced by sinistral
strike-slip motion along the Billefjorden Fault Zone, our
structural and sedimentological analysis does not support
this hypothesis (for discussion cf. Manby et al., submit
ted). The distribution of the basal conglomerates in
narrow linear beits, suggests that at the beginning of the
Devonian subsidence they accumulated along fault lines,
probably corresponding to reactivated older (Caledonian)
fault zones. A similar basin geometry has been described
for the formation of the Devonian Basin of Scotland (e.g.
Brewer & Smythe 1984; Coward et al. 1989).

Deformation pattern

The Devonian sediments of Northern Svalbard are
affected by N-S trending folds and associated cleavages,
thrust faulting and imbrication resulting from E-W
compression. The N-S trending extensional faults which
disjoint the basin sediments form natural structural sub
area boundaries; the structures developed in these areas
are described separate!y.
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Analyses of populations of fault planes and slickenside
lineations from field measurements of strike, dip and
pitch have enabled us to reconstruct the orientations
(trends and plunges) of the principal stress axes (maxi
mum compressional stress a1, intermediate stress a2 and
minimum stress a3 ) during the faulting. The methods
used have already been described in detail by Etchecopar
et al. (1981). The fault measurements have been com
bined with mesurements of fold axes, intersection lin
eations, axial planar cleavages and tension gashes to
define the geometry of the structures and the mechanisms
of deformation.

Raudj}orden-Liefdej}orden
The fault systems which define the sub-area (Fig. 2) have
been formed in post-Devonian time. The N-S trending
Raudfjorden, Hannabreen and Breibogen faults are asso
ciated with second-order faults oriented NE-SW and
NW-SE which have accommodated the post-MA 13
(36 Ma) E-W extension. In this sub-area synsedimentary
deformation has been recognized only locally. Along the
western border of Raudfjorden, basal conglomerates
(Siktefjellet Group) exhibit centimetre scale, conjugate,
NE-SW and NW-SE trending extensional faults. Simi
lar structures are developed in the Red Bay conglomer
ates exposed on the islands situated in northwestern
Liefdefjorden. These conjugate fault patterns indicate
synsedimentary N-S extension.
The basal conglomerate of the Red Bay Group, as
described above, is interpreted to have developed in
proximity to a major basin controlling fault. The
small-scale synsedimentary faults also described above
may therefore represent local accommodation of the
more regional E-W oriented post-orogenic extension.
Throughout the area where the Siktefjellet Group is
exposed the rocks are seen to be affected by folds with
N-S trending axes (Gee 1972). These structures have
wavelengths and amplitudes of a few tens of metres and
were formed by flexural slip mechanisms. The folds are
characterized by non-penetrative pressure solution and
fracture cleavages, numerous small-scale accommodation
thrusts but no evidence of limb flattening. The Red Bay
conglomerates, whether overlying the Siktefjellet Group
or seen directly in contact with the basement, exhibit in
contrast very few folds, but they are invariably affected
by a well-developed pressure solution cleavage and are
frequently imbricated (Fig. 4). The remainder of the
overlying Red Bay Group shows only small-scale con
tractional structures but a large apen synclinal fold is
found in southern Raudfjorden to Liefdefjorden. It is
evident that the whole of the Devonian succession crop
ping-out in this area was affected by the same E-W
compressional event (Fig. 5). Furthermore, the Devonian
sediments to the east are everywhere affected by large
scale folds and the existence of any earlier deformation
event in the interval of time between the deposition of
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the Siktefjellet Group and the Red Bay Group (Haakon
ian event, Gee 1972) is not supported by these observa
tions. The N-S trending Raudfjorden and Breibogen
fault systems which post-date the folding and thrusting
are characterized by pure E- W extension (Fig. 6).
In western Liefdefjorden, the underlying basement can
be seen to be affected by a number of post-metamorphic
brittle structures (Fig. 7a) which have the same vergence
but are much more intensely developed than the contrac
tional structures affecting the overlying Devonian sedi
ments. The post-metamorphic structures within the
basement consist of imbricated thrust faults, conjugate
shear zones with associated steeply plunging minor folds.
These E-W shortening structures within the basement
may be related to the deformation observed in the over-

lying Devonian sediments. The heterogeneous distribu
tion of the deformation may be accounted for by some
decoupling of the cover basement and in several localities
the contact zone is sheared.

Woodfjorden- Wijdefjorden
In this sub-area, to the east of the Breibogen Fault
system, no basement is exposed and only the upper
part of the Devonian succession (Wood Bay Group to
Mimerdalen Formation) is found. This area is character
ized by kink-like folds with kilometric scale wavelengths
amplitudes and thrust faults (Figs. 2, 7). Unlike the older
Red Bay rocks the Wood Bay and younger Devonian
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Fig. 7. E-W cross-section across the northem part of the Devonian Basin (X-Y is located on Fig. 2). Field sketches a-c are described in the text.

rocks contain little or no evidence of synsedimentary
tectonic activity.
In the northern part of the basin (Fig_ 7), three large
anticline-syncline pairs can be recognized. The best ex
posed of these structures can be seen on the south side of
Liefdefjorden, where a large east-facing monocline is
present. Southwards, along strike from the monocline, at
Kapp Kjeldsen (Fig. 2, KK), fine-grained lithologies are
strongly cleaved and the more competent sandstones are
frequently cut by E-W trending tension gash arrays. The
folds developed at the entrance of Liefdefjorden (Fig. 2)
are upright and more symmetrical but plunge steeply to
the south. These folds are again associated with a strongly
developed, closely spaced pressure solution cleavage.
The Wood Bay and younger sequences exposed on
Andree Land are also affected on a gross scale by
well-developed kilometric scale, N-S trending, kink-like
folds which can be traced along the entire length of the
peninsula (Fig. 8). The distribution of the younger Devo
nian rocks reftects this deformation pattern. A succession
of three first-order anticline-syncline pairs can be fol
lowed from Gråhuken in the north to Dickson Land in
the south. Geometrically, these folds plunge gently
southwards, the anticlines have steep to overturned west
ern limbs, long shallow east dipping limbs with steep east
dipping cleavages. Throughout Andree Land the first
order folds are usually accompanied by minor folds with
chevron to rounded profiles and slickenside lineations
perpendicular to fold axial directions are frequently de
veloped on bedding surfaces. In the long shallow dipping
limbs the second-order folds are invariably accompanied
by numerous small-scale internat thrusts and duplex
structures accommodating further shortening after the
folds locked up (Figs. 7b, 7c). Everywhere the folds are
accompanied by pressure solution and fracture cleavages
which fan and refract through the folds according to the
lithological arrangements.

Fig. 8. Second order (subsidiary) folds on the long, east-dipping limb of the large
anticline cropping-out SW of Jackobssenbukta.

Shortening estimates from balanced sections are
difficult to determine as the Devonian sequences Jack
distinctive marker horizons. However, the tight anticlinal
kink-like character of the folding and the extensive inter
nal accommodation thrusting indicating locking-up of
the folds imply that stratal shortening in these areas has
exceeded 45%, by folding alone. Some repetition of the
succession is evident in SE Woodfjorden, where a major
west-directed, N-S trending thrust is developed (Figs. 2,
7). Other thrusts with an unknown amount of displace
ment cut the Wood Bay Group in central-western An
dree Land and Kronprinshøgda (Fig. 2). The general
character of the folds and the amount of shortening they
represent indicate the presence of other thrusts, possibly
blind, at depth.
The eastern margin of the Devonian Basin, between
Billefjorden and Austfjorden, is marked by the Billefjor
den Fault Zone, which is a complex of contractional and
extensional faults (McWhae 1953; Harland et al. 1974;
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Lamar et al. 1986; Manby et al. submitted). The latest
faulting along the Billefjorden Fault Zone is extensional
and may be contemporaneous with the major extensional
basins characterizing the western margin of Svalbard.
This extensional deformation has overprinted significant
E-W contraction structures affecting both Devonian and
Permo-Carboniferous sediments and which formed dur
ing the West Spitsbergen Fold Belt deformation event
(Manby et al. submitted). Multichannel seismic profiles
from northern Svalbard (unpublished report) show that
the Billefjorden and Raudfjorden Faults can be traced in
the offshore areas where they border deep asymmetric
basins. In the central part of the basin (Bockfjorden, Fig.
2) a Plio-Quaternary volcanic cone, centred on an intra
basinal fault, consists of lavas with nodules of upper
mantle origin (Gjelsvik 1963). In the same area two
active extensional faults, trending N-S and N l l 0° re
spectively, cut the cover of glacial debris. These observa
tions show that extensional tectonic activity occurred
from the Oligocene to the present day.
Westwards from the Billefjorden Fault Zone the Devo
nian sediments are affected by mesoscopic, N-S trending
folds with wavelengths and amplitudes on the scale of a
few tens of metres which are invarably inclined or over
turned to the west. The axial planar cleavages of these
folds are again of pressure solution type which are most
intensely developed in the binge regions and best seen in
the finer grained sediments. In less competent shale-silt
horizons fold limbs may show thinning and binge regions
thickening, implying some flattening. The intensity of
this deformation decreases westwards. Nowhere have
structures such as transecting cleavages and en echelon
arrays of folds and faults typically associated with trans
pression been observed.
To the east of the principal fault trace in the Billefjor
den Fault Zone, a narrow horst-like block of the base
ment gneisses overthrusts the Devonian sediments. The
gneisses exposed close to the fault line are extensively
affected by extensional brecciation, dolomite veining and
much of the rock is penetrated by red-brown iron stain
ing. The earlier extension may reflect normal faulting
along the Billefjorden Fault Zone during the Early Devo
nian basin formation.

Timing of deformation

Following the Caledonian orogeny in Svalbard exten
sional faulting in the Gedinnian was responsible for the
onset of sedimentation in the Devonian Basin between
the west coast basement high and the Ny Friesland block
to the east (Murasov & Mokin 1979). This extensional
faulting, at least along the Billefjorden Fault Zone, par
allels and coincides with a major Late Caledonian shear
zone (Harland et al. 1974).
Younger strata are not preserved over the northern
part of the basin, so only in the south and east where the
Carboniferous rocks overlie the Devonian can evidence
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for age of the deformation be found (Fig. 2). It has been
demonstrated here that the N-S trending folds and
thrusts which affect the whole of the basin fill were the
result of significant E-W compression. The Carbonifer
ous to Permian strata across and to the east of the
Billefjorden Fault Zone record post Permian E-W con
tractional motion followed by extension along the fault
zone (Manby et al., submitted). An expression of the
contractional deformation can be found in the Pyrami
den area (Fig. 2, P), where N-S oriented folds with
east-dipping axial planes are associated with pressure
solution cleavages striking parallel to the fold axes. E-W
striking tension gashes are also observed on the limbs of
the folds. Whilst the structures affecting the Permo-Car
boniferous rocks have the same general orientation as
those described for the Devonian basin fill, the folds and
thrusts in the latter are much more intensely developed.
Vogt (1928) first described the deformation of the
Devonian sediments cropping out to the south of Pyra
miden. In this area strongly folded and cleaved Devonian
sandstones and siltstones are overlain by horizontal
Permo-Carboniferous carbonates. The overlying Permo
Carboniferous rocks in this area are affected by vertical
N-S oriented pressure solution cleavages in chert layers
and layer-parallel shear structures in the carbonates. In
addition to this, the contact between the Devonian and
the Carboniferous rocks is, at least in one locality, thrust
faulted and the junction is marked by a 0.5 m 'thick
crush-breccia consisting of both Carboniferous and De
vonian fragments (Manby et al. subrnitted). Elsewhere,
this contact is knife-sharp. The contact between the
strongly folded and thrust-faulted Devonian rocks and
the flat-lying Permo-Carboniferous rocks is apparently
an unconformity which has been subjected to some dis
placement by thrust faulting.
In the Krosspynten area (Fig. 2, K), a suite of Mid
Carboniferous (309 + 5 Ma) monchiquite dykes (Gayer
et al. 1966) cut the Devonian sediments. These dykes are
a metre or so in thickness and are generally N-S trend
ing and steeply dipping or vertical. The Krosspynten
dykes generally cut the Devonian sediments at a high
angle and the cleavage is concentrated close to the dykes.
One of these dykes is necked and the cleavage within the
Devonian sediments curves into the neck region (Fig. 9).
On an istand to the south of Krosspynten a similar
intrusion runs parallel to the steeply inclined strata near
a fold closure and the cleavage cuts both the intrusion
and the sediments at a high angle.
The relationships exhibited by the Krosspynten dykes
and Devonian rocks, and the deformation of the Permo
Carboniferous rocks, in the Austfjorden-Billefjorden
area, strongly suggest that part of the deformation of the
Devonian sediments was accomplished in post-Carbonif
erous time. In summary, it appears that in the late
Devonian E-W contraction affected the Devonian sedi
ments and a second, post-Palaeozoic, E-W contractional
event gave rise to shortening of both the Devonian and
the Permo-Carboniferous rocks.
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Fig. 9. Monchiquite dyke, !50 m N of Krosspynten Hytta, SE Andree Land (see
Fig. 2 for location). Dyke is necked and the S1 foliation which increases in
intensity towards the dyke curves into the necked part of the dyke. View looking
north, dyke is ca. 1.5 m thick.

The major N-S trending extensional faults controlling
Neogene sedimentation in the offshore areas west of
Svalbard are linked with the post 36 Ma extension associ
ated with the accretion along the Knipovich Ridge (Ly
beris & Manby, this volume). The N-S faults controlling
the present-day configuration of the Devonian Basin
extend northwards into the offshore (unpublished report),
where they delimit asymmetric sedimentary basins.

Early history of the basiri

From the Early Devonian widespread detrital sediments
in Svalbard covered the Caledonian belt in a series of
localized basins governed by N-S trending faults. Fol
lowing the crustal thickening the collapse of the Caledo
nian orogen may be attributed to relaxation and
associated extension. The extension and the associated
subsidence gave rise to the formation of the Devonian
Basin. In an attempt to understand the dynamic evolu
tion of this basin, we apply here the simplest stretching
model of McKenzie ( 1978). This model links subsidence
and thinning of a continental lithosphere. Two of the
assumptions of this model are the conservation of mass
in the lithosphere and the initial crustal thickness exceed
ing 18 km.
Assuming that the formation of the Devonian Basin
took place under conditions of local isostatic equilibrium
(Airy hypothesis), it is possible to estimate the geody
namic parameters of the basin formation. The presence
of shallow marine sediments within the Siktefjellet
Group indicates that the overthickened Caledonian oro
gen had already been thinned and reduced to near sea
level in Early Devonian time. During the ca. 48 Ma
(408-360 Ma) of Devonian sedimentation the average
basin altitude remained near sea level, suggesting that the
continental lithosphere was of normal thickness ( 125 km)
with 30 km of continental crust. The total thickness of
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the Devonian basin fill is estimated to be 8.6 km (Mu
rasov & Mokin 1979) and the average density of the
sediments, during the Devonian, to have been
2.4 gr cm-3•
The total subsidence (S) corresponding to the entire
Devonian sequence, in local isostatic equilibrium, is (af
ter backstripping) 3.4 km. This subsidence (S) results
from the initial tectonic subsidence (S;) and the subse
quent thermal subsidence (St) corresponding to the cool
ing of the thinned lithosphere (McKenzie 1978).
On the basis of the lithostratigraphic succession estab
lished by Gee & Moody-Stuart ( 1966) and Murasov &
Mokin ( 1979), the Siktefjellet and Red Bay (Gedinnian)
sediments have an average thickness of 4. 1 km and repre
sent a period (8 Ma) of rapid subsidence. The tectonic
subsidence (SJ calculated for the Gedinnian sediments is
S; 1.62 km. The rapid accumulation of these sediments,
associated with fault activity, was followed by a pro
longed (Siegenian to Famennian, 400-360 Ma) period of
more stable sediment accumulation. The post-Gedinnian
sedimentation reflects the absence of significant fault
activity. Thus, the eight million year period (408400 Ma) over which the Gedinnian sediments accumu
lated represents the initial subsidence of the stretched
lithosphere (S).
Using the simplified equations for determining the
lithospheric thinning parameter (p) given by Le Pichon &
Sibuet ( 198 1), an initial subsidence of S; 1.62 km can
be calculated which corresponds to a p value of 1.82.
This p value indicates a thickness of 69 km for the
stretched lithosphere (with 16.5 km of continental crust)
at the end of the Gedinnian (400 Ma). The uplift of the
1333°C isotherm representing the lithosphere-astheno
sphere interface during the initial stretching was followed
by thermal cooling which produced the thermal subsi
dence (S1h) of the basin. The thermal subsidence has been
shown (e.g. McKenzie 1978) to decrease exponentially
with time and the re-equilibration of the 1333°C isotherm
takes place principally in the ca 120 Ma following initial
stretching. The total thermal subsidence is S1h l.78 km.
The above discussion susggests that the main tectonic
extensional event responsible for the formation of the
Devonian Basin, by lithospheric thinning, took place in a
short period of time (408-400 Ma) and the subsequent
sedimentation throughout the rest of the Devonian pe
riod (400-364 Ma) was controlled mainly by the later
thermal subsidence.
=

=

=

Discussion and conclusions

It has been shown that a large part of the Devonian
Basin fill is affected by N-S trending folds which parallel
the principal Billefjorden and Raudfjorden fault traces.
Nowhere in the basin have rotated folds, arrays of en
echelon folds, transecting cleavages or any other struc
tures usually associated with transpression been ob
served. On the contrary, the orientations of fold axial
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traces, cleavages, cleavagejbedding intersections, tension
gashes and fault planes microstructures from across the
whole basin are consistent with significant E-W short
ening. These observations confirm the conclusion by
Lamar et al. ( 1986) and Manby et al. (submitted) that
there has been no significant sinistral strike-slip motion
on the Billefjorden Fault Zone since its inception. The
angular unconformity between the highly deformed
Devonian and the succeeding flat-lying Permo-Carbonif
erous rocks on the SE margin (Billefjorden area) of the
basin suggests that at !east part of the shortening was
accomplished during the Late Devonian Svalbardian
event. It is not yet clear how much of the total shorten
ing that can now be observed was produced in the Late
Devonian.
Several studies ( Ringset & Andresen 1988; Haremo &
Andresen 1988; Manby et al. submitted) have shown that
the contractional tectonics affecting the Permo-Carbonif
erous rocks along the Billefjorden Fault Zone have a
common origin with those affecting the Late Palaeozoic
to Mesozoic sequences in the West Spitsbergen Fold Belt
(sensus stricto). The concentration of fold-related cleav
ages around the Krosspynten dykes, cleavages cutting
the dykes, necking of the dykes and the abundance of
shear fractures all indicate that a part of the E-W
compression affecting the Devonian rocks took place in
post-Palaeozoic time.
The widespread development of pressure solution
cleavages also has a bearing on when and under what
conditions the deformation of the basin fill occurred.
Experimental studies (Rutter 1976) suggest that the
minimum conditions for the formation of pressure solu
tion cleavages are about 2 Kb and 150°C. This seems to
imply that at the time of cleayage formation the basin
fill was at a depth of 8 km or more. It follows that
the cleavage formation is unlikely to have formed in
the Late Devonian when the basin sediments were near
to the surface. Cleavage development and therefore a
part of the folding and thrusting is more likely to have
occurred after the deposition of the Late Palaeozoic
Mesozoic sequences and during the West Spitsbergen
Fold Belt deformation event. The marked post-meta
morphic east-vergent imbrication of the basement
observed in western Liefdefjorden may reflect the base
ment involvement in the Late Devonian and West Spits
bergen Fold Belt deformation events.
Cutting the compressional structures are a number of
major N-S trending extensional faults which limit the
Devonian rocks. These faults give the basin its present
day appearance of a large-scale linear asymmetric trough
containing smaller sub-basins (Fig. 2). The N-S orienta
tion of these faults parallels those controlling offshore
sedimentary basins along the western margin of Svalbard
which are attributed to the post-Eocene extension ac
companying spreading along the Knipovich Ridge (Tal
wani & Eldholm 1977; Eiken & Austegard 1987).
The dimensions of the original Devonian Basin are
difficult to determine because of the complex subsequent
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Actlve fold belt

Fig. JO. Tectonic sketch map of the Arctic for Late Devonian time. Greenland
Siberia/Svalbard convergence implies a dextral relative motion between Green·
land and Norway.

tectonic events. From the preserved sedimentary record
it is apparent that a major part of the subsidence was
produced by lithospheric thinning in the Gedinnian. The
amount of Gedinnian extension is equivalent to a f3
value of 1.82 which, from the Emsian to Famennian,
gave rise to the thermal subsidence. The Siktefjellet and
Red Bay Groups were deposited during a period of
active extensional tectonics related to the lithospheric
thinning. The later Wood Bay to Wijde Bay Groups
were mainly deposited during a period when the litho
sphere was subsiding by thermal cooling.
Lower Devonian clastic red beds in Ellesmere, Axel
Heiberg and Banks Islands of the Canadian Arctic have
been affected by widespread and intensive deformation
in the Mid-Devonian to Early Mississippian Ellesmerian
Orogeny (Christie 1979). If we consider the location of
the Svalbard region in Late Palaeozoic time, the Devo
nian Basin of Svalbard would appear to represent an
extension of the Devonian Basin of the Canadian Arctic
Islands. It seems reasonable therfore, following Christie
( 1979), to correlate the Late Devonian (Svalbardian)
tectonic event with the Ellesmerian (lnnutian) orogeny
of the Canadian Arctic (Fig. l0). The Svalbardian,
Canadian and North Greenland Ellesmerian structures
show dose correspondence and are part of a more ex
tensive deformation which can be traced around the
whole North American-Greenland Block. This defor
mation is considered to be the result of convergence
between Siberia and North America and suggests that
the global motion between Greenland and Scandinavia
was dextral rather than sinistral.
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