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The West Spitsbergen Fold-and-Thrust Belt of western Spitsbergen is 
an important piece of the puzzle for the understanding of the relation 
between plate tectonics and the structural geological history of the NE 
Atlantic. The formation of the fold-and-thrust belt corresponds to the 
Eocene transpressional deformation induced by shear along the 
Greenland and Eurasian plates during the North Atlantic opening 
(Talwani & Eldholm 1977; Srivastava 1985; Olesen et  al. 2007; 
Engen et al. 2008; Faleide et al. 2008; Gaina et al. 2009). The core of 
the West Spitsbergen Fold-and-Thrust Belt is exposed along a 300 km 
long segment in western Spitsbergen, stretching from Brøggerh-
alvøya in the north to Sørkapp in the south. The exposed width for the 
belt’s most intensively folded part is c. 30 km in Oscar II Land and 
decreases to 10–15 km southward (Fig. 1; Dallmann et al. 1993).

Many researchers have described the tectonic structures and geo-
logical evolution of the fold-and-thrust belt based on onshore geo-
logical observations (e.g. Holtedahl 1924; Ohta 1985; Andresen et al. 
1992; Braathen & Bergh 1995; Braathen et al. 1995, 1999; Harland 
1997; CASE Team 2001; Mazur et al. 2009). An outline of the major 
structural units involving the Caledonian basement (Hecla Hook; 
Kulling 1934) as well as the younger sedimentary cover around 
Isfjorden has also been given in a series of geological maps (Major & 
Nagy 1972; Lauritzen et al. 1989; Ohta et al. 1992; Bergh et al. 2003). 
Offshore studies of the West Spitsbergen Fold-and-Thrust Belt based 
on seismic data were described in a seismic atlas (Eiken 1994) and 
utilized in the Isfjorden structural study by Bergh et al. (1997). The 
marine seismic reflection data, however, cover only parts of the shelf 
and some of the fjords along the western coast of Spitsbergen.

The present analysis is based on 2D multichannel seismic (MCS) 
lines that cover most of Isfjorden, which is the largest fjord of west-
ern Spitsbergen. Its central part crosses the core of the West 
Spitsbergen Fold-and-Thrust Belt, including a section through Oscar 
II Land to the north as well as the less deformed Tertiary sediments 
of the Central Basin of Nordenskiöld Land (Fig. 1). In this paper we 

present an analysis of the fold-and-thrust structures as seen in sedi-
ments at three distinct tectonostratigraphic levels, namely (1) the top 
of the metamorphic basement, (2) the base of the upper Carboniferous 
Nordenskiöldbreen Formation, and (3) the base of the Lower 
Cretaceous Helvetiafjellet Formation, as identified in available 2D 
seismic reflection lines in the study area. The seismic reflection lines 
are consistent so that the stratigraphic units can be confidently 
mapped across the study area, permitting the correlation of the struc-
tures with those already documented from onshore mapping. 
Analysis of shallow structures of Isfjorden and their expression on 
the sea floor has been described by Blinova et al. (2012).

Seismic data

A map of all available multichannel seismic data, comprising sev-
eral 2D seismic surveys, is shown in Figure 2. The data acquisi-
tion was performed by Statoil (Norway) in 1985 and 1988, and by 
the University of Bergen (Norway) during the Svalex seismic 
surveys in 2004, 2005, 2006 and 2007. The data acquired by 
Statoil are open source data providing both stacked and migrated 
seismic lines.

The seismic lines acquired by Statoil in 1988 and Svalex 2006 
and 2007 are the data of best quality. These data show strong and 
consistent reflections through the full stratigraphic section down to 
the top of the metamorphic basement. One exception to this is an 
area in the western part of Isfjorden, which is situated close to the 
area of basement-involved fold-and-thrust complexes.

Geology and tectonic setting

The basement of western Svalbard (Hecla Hook) incorporates igne-
ous and metamorphic rocks of late Proterozoic to Silurian age 
(Peucat et al. 1989; Ohta 1994; Balashov et al. 1995; Gee et al. 
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2008; Majka et al. 2008). During the mid-Silurian–early Devonian 
Caledonian Orogeny the basement rocks were highly deformed as 
a result of the collision of the North American and European conti-
nental plates (Hjelle 1993; Dallmann 1999; Gee et al. 2008). An 
8000 m thick post-orogenic Old Red sandstone unit was deposited 
during the late Silurian–Devonian. These sediments are mainly pre-
served in a major graben structure within the basement in NW 
Spitsbergen and they were involved in Late Devonian contraction 
of the ‘Svalbardian phase’ (Dallmann 1999; Fossen et  al. 2008; 
Gee et  al. 2008; Bergh et  al. 2011). Most of the Carboniferous 
(Mississippian to middle Pennsylvanian Epochs) was characterized 
by the formation of several fault-bounded basins. However, sinis-

tral transpressional shear caused localized inversion in early to 
mid-Carboniferous times (Bergh et  al. 2011), whereas the latest 
Carboniferous records the transition to a period with stable plat-
form conditions (Worsley 1986, 2008; Dallmann 1999; Worsley & 
Nøttvedt 2008). The later Carboniferous to mid-Permian period 
was characterized by the accumulation of carbonates and evapo-
rites in a shelf setting (Samuelsberg & Pickard 1999; Worsley & 
Nøttvedt 2008). The deposition of the Gipshuken Formation took 
place simultaneously with a mild extensional faulting (Harland 
1997; Dallmann 1999), and the deposition of marine siliciclastic 
deposits with interbedded carbonates (Tempelfjorden Group) 
occurred during the late Permian. Regional uplift with the development 

Fig. 1. Geological map of Spitsbergen (modified from Hjelle 1993; Harland 1997). KHFZ, Kongsfjorden–Hansbreen Fault Zone; BFZ, Billefjorden 
Fault Zone; LAFZ, Lomfjorden–Agardbukta Fault Zone; FG, Forlandsundet Graben; OL, Oscar II Land; IF, Isfjorden; NB, Nordfjorden block; NL, 
Nordenskiöld Land; EB1, boundary of the West Spitsbergen Fold-and-Thrust Belt structures; EB2, eastern boundary of observed Tertiary folding and 
thrusting (Dallmann et al. 1993; Dallmann 1999). Cross-section of the study area (outlined by black rectangle) is shown in Figure 3.
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of an associated regional unconformity took place at the Permian–
Triassic transition. A thick sequence of Mesozoic sediments was 
deposited in stable platform conditions and was characterized by 
sea-level fluctuations. The Lower–Middle Triassic sediments com-
prise the Sassedalen Group, which consists of marine shales pass-
ing upwards into sandstones. The Upper Triassic to Middle Jurassic 
strata of the Kapp Toscana Group consist mainly of deltaic sand-
stones, whereas the Middle Jurassic to lowermost Cretaceous 
deposits pertaining to the lower part of the Adventdalen Group con-
sist of open-marine shales and thin sandstones. The upper part of 
the Lower Cretaceous sequence is dominated by shallow water and 
fluvio-deltaic sandstone evolving upward to open-marine shales 
and sandstones (Nemec et  al. 1988). Intrusions of dolerites took 
place in Svalbard in the latest Jurassic and Early Cretaceous (Major 
& Nagy 1972; Steel & Worsley 1984; Lauritzen et al. 1989; Ohta 
et  al. 1992; Harland 1997; Dallmann 1999; Worsley 2008). 
Regional uplift took place during the Late Cretaceous, generating a 
hiatus in the sedimentary succession. The uplift resulted in the gen-
eration of a land bridge between Svalbard and the adjacent North 
Greenland. This bridge remained throughout much of the Palaeocene 

(Steel & Worsley 1984; Harland 1997; Dallmann 1999; Worsley 
2008).

The generation of the West Spitsbergen Fold-and-Thrust Belt is 
related to the Eocene opening of the Norwegian–Greenland Sea 
(Talwani & Eldholm 1977; Srivastava & Tapscott 1986; Eldholm 
et  al. 1990; Tessensohn & Piepjohn 2000). Its development has 
been explained as a result of a time-constrained head-on collision 
between the Greenland and the Eurasian plate (Lyberis & Manby 
1993a,b; CASE Team 2001; Saalmann & Thiedig 2002), whereas 
many researchers have advocated a mechanism related to transpres-
sion (Harland 1969; Lowell 1972) combined with strain partition-
ing (Faleide et  al. 1988; Maher & Craddock 1988). The latter 
model has gained support from Leever et al. (2011a,b). Formation 
of the West Spitsbergen Fold-and-Thrust Belt was associated with 
uplift and erosion along the western coast of Spitsbergen and con-
temporaneous accumulation of clastic sediments in the Central 
Tertiary Basin to the east. This basin is a foreland basin (Steel et al. 
1985; Dallmann 1999) filled by the deltaic deposits of the Van 
Mijenfjorden Group (Steel & Worsley 1984; Ohta et  al. 1992; 
Harland 1997).

A cross-section of the West Spitsbergen Fold-and-Thrust Belt is 
displayed in Figure 3, showing that three main décollements were 
active during the top-to-the east Tertiary tectonic transport. 
Evaporites of the Permian Gipshuken Formation, shales of the 
Triassic Bravaisberget Formation and the organic-rich shales of the 
Jurassic–Cretaceous Janusfjellet Subgroup served as lubricants of 
the principal detachment in agreement with that documented by 
outcrop data (Braathen & Bergh 1995; Braathen et al. 1995; Bergh 
et al. 1997).

Seismic interpretation

The correlation of the stratigraphic and seismic units of Isfjorden 
(Fig. 4) is based on seismic reflection interpretations published by 
Nøttvedt (1994) and Bergh et  al. (1997). A composite transect 
crossing Isfjorden from west to east was used as a key-line in the 
present interpretation (Fig. 5), which also gives an example of the 
typical seismic signature of the main units. Some of fold-and-thrust 
belt structures that are observed in outcrops of Spitsbergen close to 
the western hinterland show steep to vertical orientation of bedding 
(Fig. 3). Interpretation of such geometries from seismic data could 
be challenging, as they are not imaged by standard processing of 

Fig. 2. Overview map of available seismic data. Continuous lines, 
surveys Svalex 2004, 2005, 2006 and 2007 (UIB); dashed lines, surveys 
ST8815 and ST8515 (Statoil). IF, Isfjorden; NF, Nordfjorden; ED, 
Ekmanfjorden; DF, Dicksonfjorden; BF, Billefjorden; SF, Sassenfjorden.

Fig. 3. Generalized cross-section of the West Spitsbergen Fold-and-Thrust Belt (Braathen et al. 1999). FG, Forlandsundet Graben; OL, Oscar II Land; 
IF, Isfjorden; NB, Nordfjorden block; BFZ, Billefjorden Fault Zone. D, Devonian; Ca, Lower–mid-Carboniferous; C-P, Carboniferous and Permian; Tr-J, 
Triassic and lowermost Jurassic; J-C, Jurassic and Cretaceous; T, Tertiary.
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the data. For instance, the seismic reflectivity pattern observed in 
the Isfjorden area becomes weaker and more diffuse as it approaches 
the mouth of Isfjorden (Festningen section) (Bælum & Braathen 
2012). The unclear seismic image at the western end of profile 
ST8815-222 (Fig. 5) may indicate intense deformation and rotation 
of the rocks to very steep positions.

The lowermost two units, metamorphic Caledonian basement 
and Devonian to mid-Carboniferous sedimentary strata, are charac-
terized by a scattered and discontinuous seismic signature of differ-
ent signal intensity. The metamorphic Caledonian basement is 
characterized by a chaotic seismic character of stronger signal. This 
unit is overlain by a Devonian sedimentary section characterized 
by less pronounced reflections. Although the reflectivity pattern 
within the two deepest units is scattered and relatively weak, the 
top of the metamorphic basement is well imaged in the Statoil 1988 
survey. The appearance of strong short reflectors within the seismic 
reflectivity picture of Devonian sedimentary filling might be 
related to dolerite sill intrusions.

The Devonian to mid-Carboniferous unit is overlain by a 
sequence characterized by strong and continuous reflections, repre-
senting the upper Carboniferous–Permian succession of mainly 
carbonates. On top of this, the shales of the Sassendalen Group are 
found. This unit displays weak and discontinuous reflections, but 
the sandstones of the Kapp Toscana Group stand out as a pile of 
strongly folded and overthrust reflections, well expressed to the 

east. A strong reflection indicating a sharp impedance contrast is 
observed between the low-velocity shales of the Janusfjellet sub-
group, which is characterized by a chaotic and discontinuous seis-
mic reflectivity pattern, and the overlying high-velocity sandstones 
of the Lower Cretaceous Helvetiafjellet Formation, which is seen 
as a sequence with strong and continuous reflections. A thin trans-
parent seismic sequence below the strong double reflector and 
above the strong and continuous reflectivity pattern of the 
Helvetiafjellet Formation is related to the base of the Tertiary.

Three décollements were identified in the key section, within the 
Carboniferous–Permian, Triassic and Jurassic–Cretaceous sequences 
(Fig. 5). The seismic signatures of the décollements are characterized 
by separate sequences with contrasting styles and intensity of defor-
mation and by the definition of surfaces from which thrust faults 
splay. The study of the shallow tectonic structures and their morpho-
logical expressions on the sea floor in Isfjorden (Blinova et al. 2012) 
suggests that thrust faults in the Isfjorden section are mainly foreland-
directed in-sequence thrusts with mainly NW–SE strike directions.

The three well-pronounced and continuous seismic reflections 
identified in the available seismic data (the top of the metamor-
phic basement, base of the upper Carboniferous Nordenskiöldbreen 
Formation and base of the Lower Cretaceous Helvetiafjellet 
Formation) were chosen to produce time–structure maps for anal-
ysis of the structural architecture and tectonostratigraphy of the 
Palaeozoic–Cenozoic units of Isfjorden. The traces of the three 

Fig. 4. Stratigraphic column tied with 
seismic units. Example of seismic 
line, ST8815-227. D1, D2 and D3 are 
formations comprising detachment layers. 
Correlation and lithology are based on 
stratigraphical tables published by Ohta 
et al. (1992), Nøttvedt (1994), Bergh et al. 
(1997) and Dallmann (1999).
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main thrust faults and geological boundaries (Figs 5 and 6) were 
superimposed on the time–structure maps of the interpreted 
reflectors for correlation of trends of the deep and shallow parts 
of the sections.

Top of the metamorphic basement

The top of the metamorphic basement was identified and mapped 
(Fig. 7a) over nearly the entire study area. However, the interpreta-
tion is somewhat uncertain for the westernmost part owing to more 
intense deformation in the central zone of the West Spitsbergen 
Fold-and-Thrust Belt (Leever et  al. 2011a,b). Figure 7b shows 
examples of the seismic reflectivity along three seismic lines in the 
southwestern, central and northern part of Isfjorden. It is notewor-
thy that pronounced graben topography with a dominant north–
south trend is clearly seen at top basement level. The normal faults 
delineating the grabens are well defined in the seismic sections and 
are marked by an abrupt change in the continuity of the seismic 
reflector (Fig. 7b). An interpretation of the geological boundaries 
and traces of the main thrust faults cropping out on the sea floor 
was superimposed on the map of the basement relief with the aim 
of comparing the geometry of deep and shallow structures (Fig. 
7a). It is also noteworthy that the observed graben structures of the 

metamorphic basement and thrust structures of the shallow section 
have contrasting trends.

Base of the upper Carboniferous 
Nordenskiöldbreen Formation

The base of the upper Carboniferous Nordenskiöldbreen Formation is 
also associated with a reflection that can be correlated with certainty 
over the study area (Fig. 8a and b). This level corresponds to the 
unconformity between Devonian–mid-Carboniferous deposits and 
upper Carboniferous–Permian sedimentary cover. The base of the 
succession generates a well-pronounced reflection in most of the lines 
(Fig. 8b), whereas the top of the unit is difficult to define in the west-
ern part of Isfjorden owing to disturbance by thrusting above the 
décollement within the Gipshuken Formation. Uncertainties in the 
interpretation of the base of the upper Carboniferous Nordenskiöldbreen 
Formation occur particularly in the northeastern part of Isfjorden. The 
time–structure map demonstrates the gentle southwestward dip of the 
interpreted surface (Fig. 8a). The trend of isochrons on the map coin-
cides with the direction of the sea-floor traces of the main thrust faults 
and geological boundaries. Furthermore, the base of the upper 
Carboniferous unit parallels the lowermost décollement, implying 
that the general inclination of the strata existed prior to the initiation 

Fig. 5. Example of the seismic reflectivity along a transect line and line drawing of its interpretation. BFZ, Billefjorden Fault Zone; Q, Quaternary; T1, 
T2, T3, major thrust faults; bold lines, décollement layers; fine lines, thrust faults; dashed line within interpreted Jurassic–Cretaceous strata corresponds 
to base of the Helvetiafjellet Formation.
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of the master thrusts. The presence of the Isfjorden–Ymerbukta Fault 
Zone in the SW part of the fjord may cause a relatively abrupt change 
in structural trend that is observed at the SW end of the horizon inter-
pretation. Detailed discussion of the structures is difficult owing to the 
absence of clear signs of the transfer faults in the seismic data along 
with a poor reflectivity picture in that area.

Base of the Lower Cretaceous Helvetiafjellet 
Formation

The base of Lower Cretaceous Helvetiafjellet Formation coincides 
with the third easily identifiable décollement of the West 
Spitsbergen Fold-and-Thrust Belt of Isfjorden. The map view of 
the base of the Helvetiafjellet Formation and typical seismic cross-
sections for these sequences are shown in Figure 9a and b. The 
surface defines the base of a foreland basin delineated by NW–SE-
trending boundaries to the west and east, which are affiliated with 
the thrust faults cropping out on the sea floor. In some places the 
surface is disturbed by thrust faults emerged from the underlying 
décollement in shales of the Janusfjellet Formation (Fig. 9b).

Regional correlations

The Devonian Old Red molasse sediments are preserved in down-
faulted crustal blocks and exposed in northern Svalbard (Fig. 1; 
Dallmann 1999, 2007). Based on interpretation of one seismic line 
in eastern Isfjorden, Eiken & Austegard (1994) reported a continu-
ation of the Devonian grabens of northern Spitsbergen below 
Isfjorden. Their interpretation is supported by our observations of 
trends of basement structures as seen in the seismic lines in 
Isfjorden (Fig. 10). Thus, the westernmost normal faults in the 
Isfjorden area might represent southward continuation of the 
Raudfjorden and Breibogen faults.

Furthermore, a north–south-trending reverse fault is clearly 
defined in northeastern Isfjorden, cutting the base of the upper 
Carboniferous Nordenskiöldbreen Formation, probably correspond-
ing to the Blomesletta Fault (Figs 10 and 11). The magnitude of 
vertical throw of this fault is c. 50 ms (c. 100 m). The Blomesletta 
Fault was described in onshore outcrop as a west-vergent high-angle 
reverse fault that upcast Devonian–Carboniferous strata westward 
by c. 200 ms on top of the Permian sequence (Dallmann et al. 1993; 
Bergh et al. 1997). It is noted that the offshore expression of the 
Blomesletta Fault differs from that seen onshore in that a thick 
sequence of sediments is preserved above the upper Carboniferous–
Permian succession here. A pronounced eastward thrust is observed 
right above the inferred reverse fault. Its major décollement coin-
cides with the lower Permian Gipshuken Formation evaporites and 
it abruptly cuts the extensional fault plane of the Blomesletta Fault, 
indicating severe structural inversion across this structure.

A comparison between the Blomesletta Fault and Gipshuken 
Fault (Ringset & Andresen 1988; Haremo et al. 1990) is shown in 
Figure 11 (cross-sections 3 and 6). The Gipshuken Fault is one of 
the main tectonic elements of the Billefjorden Fault Zone and is a 
contractional duplex-structure with a shallowly dipping ramp 
developed above a listric normal fault that seems to detach in the 
middle Carboniferous sediments. Ringset & Andresen (1988) 
related the initiation of the contractional part of the structure to 
the early Tertiary shortening. Evaporites of the Ebbadalen 
Formation at Gipshuken coincide with the low-angle, mainly 
bedding-parallel floor thrust, from which the thrust faults branch. 
The westerly ramping of the thrust faults in the system was caused 
by the pre-existing fault-related stepping topography and pro-
moted by contrasts in lithology. Thus, the Gipshuken Fault was 
interpreted as a backthrust feature of general eastward-directed 
contraction. By analogy, it is therefore natural to ascribe the top-
to-the-east shortening associated with the Blomesletta Fault to a 
similar mechanism.

The isochron map of the base of upper Carboniferous 
Nordenskiöldbreen Formation shows a deviation in the pattern, 
with a SW–NE structural trend, in the SW part of Isfjorden.

Thrust kinematics

From the interpretation of the seismic data it is evident that, for the 
late Palaeozoic–Cenozoic sediments in the Isfjorden area, thrusting 
was associated with the development of three major tectonostrati-
graphic units. Each unit is characterized by a different structural 
style of deformation (Fig. 12) reflecting contrasting overburden, 
mechanical strength, layering and perhaps strain rate.

Figure 12a illustrates the earliest structural signature recognized 
in the present study, which includes normal faults affecting the meta-
morphic basement, the grabens of which became filled with Devonian 
Old Red sandstones. Down-faulted blocks of basement rocks coin-
cide with the development of the Devonian graben faults as known 
onshore Svalbard, and thus may represent a direct link to the deep 
extensional structures of Isfjorden. The orientation of the graben 
structures is parallel to the Billefjorden Fault Zone and seems to be 
entirely unaffected by the Tertiary deformation. The interpreted hori-
zon at the base of the upper Carboniferous Nordenskiöldbreen 
Formation is affected by reverse faulting (e.g. the Blomesletta Fault) 
that may be related to waning tectonic movements during the late 
Carboniferous and/or to Tertiary shortening (Fig. 12b).

Bergh et  al. (1997) divided the West Spitsbergen Fold-and-
Thrust Belt in the Isfjorden area into three major tectonic subar-
eas or zones. These include the western, basement-involved 
(thick-skinned) zone, a central, mainly thin-skinned zone where 
large-scale, open-upright to overturned folds are found above the 

Fig. 6. Sea-floor relief (depth in metres) derived from interpretation 
of a dense grid of MCS data. T1, T2, T3, interpretation of the major 
thrust faults. Interpretation of outcrops: b.T, base Tertiary; t.Tr-J, top 
of Triassic and lowermost Jurassic strata; t.C-P, top of Carboniferous–
Permian strata.
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master thrusts, particularly involving Triassic–Cretaceous shales 
and silt-dominated units, and a frontal, thin-skinned zone to the 
east, involving stacked and imbricated thrust sheets. In the central 
part, Bergh et al. (1997) identified three levels of décollements, 
similar to those reported in the present study.

The high strain associated with the Tertiary deformation is reflected 
by the thrust systems affecting the upper Carboniferous–Lower 
Cretaceous sequences (Fig. 12c). The thin-skinned central–eastern 
foreland fold-and-thrust belt evolved during the main Eocene 
transpressional event characterized by WSW–ENE-oriented shorten-
ing (Bergh & Andersen 1990; Braathen & Bergh 1995; Braathen et al. 
1995; Bergh et al. 1997), activating the basal thrust (D1), which rep-
resents the mechanically weakest layer consisting of evaporites of the 
Gipshuken Formation. By continued movements shallower detach-
ments became activated, involving the mechanically weak shales of 
the Mesozoic succession (Fig. 12c). The shortening associated with 
décollement D1 includes foreland-vergent, relatively widely sepa-
rated thrust faults, probably reflecting a moderate amount of shorten-
ing combined with relatively low friction and moderate consolidation. 
The thrusting above the middle detachment (D2) is characterized by a 
complete duplex in its central part, steeper thrust faults, and a frontal 
imbricate fan on the foreland side (Fig. 12c). This is likely to represent 
more intense contraction, and is probably associated with the thrust 
climax. Finally, the thrust sheet above the upper detachment (D3) has 
again a different architecture from that seen for the sheets below, and 
is dominated by thrusts subcropping at the present sea floor and a 
lower frequency of faults (Fig. 12d). This suggests that the uppermost 
thrust sheet was developed during a stage of waning shortening.

The structural style in Isfjorden displays less intense deforma-
tion as compared with that seen onshore (e.g. in Oscar II Land 
north of the fjord; Bergh & Andresen 1990; Bergh et al. 1997). In 
Oscar II Land the complex fold–thrust geometry is characterized 
by tight folds, numerous thrusts and interaction between décolle-
ments at deep and high stratigraphic levels emplacing Permian 
strata on top of Triassic (e.g. Mediumfjellet; Bergh & Andresen 
1990). In contrast, a relatively more simple style of deformation in 
a higher level thrust sheet, which involves Triassic and Jurassic 
shales (Dallmann et al. 1993), is observed in Nordenskiöld Land 
(south of Isfjorden). Hence, the Isfjorden–Ymerbukta Fault Zone in 
the southern part of Oscar II Land (Fig. 10) is suggested to be a 
boundary between the two structural regimes found north and south 
of Isfjorden respectively (Bergh & Andresen 1990; Bergh et  al. 
1997). This picture is supported by the present analysis, illustrating 
that the Isfjorden–Ymerbukta Fault separates thrust sheets of con-
trasting strain intensity and different structural styles (Figs 5 and 
10), reflecting contrasts in lithology and tectonostratigraphic posi-
tion as described above. Such configurations are not uncommon in 
central and frontal parts of fold-and-thrust belts, such as the Alps 
and the Pyrenees (e.g. Lacombe & Mouthereau 2002) and the 
Caledonides (Bruton et al. 2010).

The shallowest tectonic unit, which is situated above detach-
ment D3 (Fig. 12d), comprises the Helvetiafjellet Formation, which 
corresponds to the Central Tertiary Basin. This unit defines a syn-
cline structure with amplitude c. 900 m and wavelength c. 23 km, 

(a)

(b)

Fig. 7. (a) Isochron, top of the metamorphic basement (TWT). T1, T2, 
T3, interpretation of the major thrust faults. Interpretation of outcrops: 
b.T, base Tertiary; t.Tr-J, top of Triassic and lowermost Jurassic strata; 
t.C-P, top of Carboniferous–Permian strata. The boundary for the 
confident interpretation is marked by a red dashed line. (b) Examples 
of reflectivity picture along seismic lines (for location see (a)). Arrows 
indicate the top of the metamorphic basement.
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and has been shortened less than the thrust sheet below it, reflecting 
its status as a piggy-back basin.

Summary and conclusions

Three horizons were interpreted along 2D multichannel seismic 
lines and were used to generate time–structure maps. The lower-
most horizon represents the top of the metamorphic basement and 
reflects graben structures that could be related to the Devonian 
grabens observed onshore in the northern part of Spitsbergen. The 

(a)

(b)

Fig. 8. (a) Isochron, base of the upper Carboniferous Nordenskiöldbreen 
Formation (TWT). T1, T2, T3, interpretation of the major thrust faults. 
Interpretation of outcrops: b.T, base Tertiary; t.Tr-J, top of Triassic and 
lowermost Jurassic strata; t.C-P, top of Carboniferous–Permian strata. 
IYFZ, Isfjorden–Ymerbukta Fault Zone. The boundary for the confident 
interpretation is marked by a red dashed line. (b) Examples of reflectivity 
picture along seismic lines (for location see (a)). t.P, top Permian; b.u.Ca., 
the base of the upper Carboniferous Nordenskiöldbreen Formation. D1, 
décollement layer in gypsum of Gipshuken Formation; D2, décollement layer 
in shales of Bravaisberget Formation (bold lines); fine lines, thrust faults.

(a)

(b)

Fig. 9. (a) Isochron, base of the Lower Cretaceous Helvetiafjellet 
Formation (TWT). T1, T2, T3, interpretation of the major thrust faults. 
Interpretation of outcrops: b.T, base Tertiary; t. Tr-J, top of Triassic and 
lowermost Jurassic strata; t.C-P, top of Carboniferous-Permian strata. 
(b) Examples of reflectivity picture along seismic lines (for location see 
(a)). Arrows indicate the base of the Lower Cretaceous Helvetiafjellet 
Formation. D3, décollement layer in shales of Janusfjellet subgroup 
(bold lines); fine lines, thrust faults.
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Fig. 10. Sketch map of basement tectonic structures and the Blomesletta Fault superimposed on a regional tectonic map of Spitsbergen (modified from 
Dallmann 1999). BFZ, Billefjorden Fault Zone; LAFZ, Lomfjorden–Agardbukta Fault Zone; SEDL, Svartfjella, Eidembukta and Daudmannsodden 
lineament; IYFZ, Isfjorden–Ymerbukta Fault Zone; BF, Breibogen Fault, RF, Raudfjorden Fault; BL, Blomesletta Fault; EB1, boundary of the West 
Spitsbergen Fold-and-Thrust Belt structures; EB2, eastern boundary of observed Tertiary folding and thrusting. Red lines on the map correspond to 
normal faults bounding graben and half-graben structures defined in the seismic data from the reflector separating metamorphic basement and Devonian 
sedimentary rocks; blue line, offshore continuation of the Blomesletta Fault.
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Fig. 11. Interpretation of the Blomesletta Fault. (a) Map view showing the Blomesletta Fault (b), Billefjorden Fault Zone (c) and locations of lines 
where the faults were observed. Onshore observations of the Blomesletta Fault ((b), cross-sections 1 and 2) and Gipshuken Fault of Billefjorden Fault 
Zone ((c), cross-section 3) are based on published data by Bergh et al. (2003, 1997) and Ringset & Andresen (1988) respectively. Examples of offshore 
continuation of the Blomesletta fault are based on interpretation of MCS data: line 4, seismic line ST88-241; line 5, ST88-141; line 6, ST88-127. JC, 
Jurassic–Cretaceous; Tr, Triassic; P, Upper Permian (Kapp Starostin Formation); CP, mid-Carboniferous to lower Permian; D, Devonian; C, Lower 
Carboniferous; B, basement; Dol, dolerite.
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interpreted structures show a different trend compared with the 
shallow part and thus seem to be unaffected by the Tertiary defor-
mation. The transition between Devonian–mid-Carboniferous 
deposits that fill the grabens and overlying upper Carboniferous–
lower Permian carbonate succession represents a second inter-
preted horizon. The southwestward dip of the base of the upper 
Carboniferous Nordenskiöldbreen Formation coincides with the 
trend of geological features that crop out at the sea floor. The 
reverse fault that cuts the horizon was interpreted as a southward 
continuation of the Blommesletta Fault observed onshore. The 
uppermost horizon was interpreted at the base of Helvetiafjellet 
Formation characterizing the syncline structures of the Central 
Tertiary Basin. The West Spitsbergen Fold-and-Thrust Belt struc-
tures evolved by means of three décollements defined within 
strata above the interpreted horizon base of the upper 
Carboniferous Nordenskiöldbreen Formation. A moderate rate of 
deformation is reflected in thrust structures above the lowermost 
décollement within evaporites of the Gipshuken Formation. 
Strata above the middle detachment developed within Triassic 
shales show structural features revealing the most intense defor-
mation of the Eocene transpression. Thrusting above the upper-
most décollement indicates a mild rate of deformation that could 
correspond to the later stage of the fold-and-thrust belt evolution. 
The sub-bottom structures observed within the Isfjorden area 
reflect the similar structural style to that defined to the south in 
Nordenskiöld Land. The Isfjorden–Ymerbukta Fault Zone located 
along the northwestern coast of Isfjorden represents a boundary 
separating the Isfjorden area from the more intense deformation 
that affected strata in Oscar II Land to the north.

We acknowledge with gratitude financial support from the Norwegian 
Petroleum Directorate (NPD). We would particularly thank H. Brekke of 
NPD for help and support. We are grateful to Statoil and participants of the 
Svalex expeditions, the crew of R.V. Haakon Mosby and engineers from the 
Department of Earth Science (UiB) for seismic data supply, and Sevmorgeo 

(Russia) for help with data processing. In addition, we would like to thank 
O. Meyer and B. O. Ruud (UiB) for their contribution in handling of seis-
mic and navigational data. We are grateful to reviewers D. Worsley and 
A. Braathen for comments that helped to improve the paper. Also, I sin-
cerely appreciate the help of my colleagues D. Chiarella and D. Edwards at 
Weatherford Petroleum Consultants AS in improving the style and language 
of the paper.

References
Andresen, A., Bergh, S.G. & Haremo, P. 1992. Basin inversion and thin-skinned 

deformation associated with the Tertiary transpressional west Spitsbergen 
Orogen. In: Thurston, D.K. & Fujita, K. (eds) Proceedings of International 
Conference on Arctic Margins. OCS Study MMS, 94-0040, 161–166.

Bælum, K. & Braathen, A. 2012. Along-strike changes in fault array and 
rift basin geometry: the Billefjorden Trough of Svalbard, Norway. 
Tectonophysics, 546–547, 38–55.

Balashov, Ju. A., Teben’kov, A.M., et al. 1995. Grenvillian U–Pb zircon ages 
of quartz porphyry and rhyolite clasts in a metaconglomerate at Vimsodden, 
southwestern Spitsbergen. Polar Research, 14, 291–302.

Bergh, S.G. & Andresen, A. 1990. Structural development of the Tertiary fold-
and-thrust belt in Oscar II Land, Spitsbergen. Polar Research, 8, 217–236.

Bergh, S.G., Braathen, A. & Andresen, A. 1997. Interaction of basement-
involved and thin-skinned tectonism in the Tertiary fold–thrust belt of cen-
tral Spitsbergen, Svalbard. AAPG Bulletin, 81, 637–661.

Bergh, S.G., Ohta, Y., Andresen, A., Maher, H.D., Braathen, A. & Dallmann, 
W.K. 2003. Geological map of Svalbard, 1:100000, sheet B8G St. 
Jonsfjorden. Norsk Polarinstitutt Temakart, 34.

Bergh, S.G., Maher, H.D., Jr. & Braathen, A. 2011. Late Devonian transpres-
sional tectonics in Spitsbergen, Svalbard, and implications for basement 
uplift of the Sørkapp–Hornsund High. Journal of the Geological Society, 
London, 168, 441–456, http://dx.doi.org/10.1044/0016-76492010-046.

Blinova, M., Faleide, J.I., Gabrielsen, R.H. & Mjelde, R. 2012. Seafloor expres-
sion and shallow structure of a fold-and-thrust system, Isfjorden, West 
Spitsbergen. Polar Research, 31, 11209. http://dx.doi.org/10.3402/polar.
v31i0.11209.

Braathen, A. & Bergh, S.G. 1995. Kinematics of Tertiary deformation in 
the basement-involved fold–thrust complex, western Nordenskiöld-
Land, Svalbard—tectonic implications based on fault-slip data-analysis. 
Tectonophysics, 249, 1–29.

Braathen, A., Bergh, S.G. & Maher, H.D. 1995. Structural outline of a 
Tertiary basement-cored uplift inversion structure in western Spitsbergen, 
Svalbard—kinematics and controlling factors. Tectonics, 14, 95–119.

Braathen, A., Bergh, S.G. & Maher, H.D., Jr. 1999. Application of a criti-
cal wedge taper model to the Tertiary transpressional fold–thrust belt on 
Spitsbergen. Geological Society of America Bulletin, 111, 1468–1485.

Bruton, D.L., Gabrielsen, R.H. & Larsen, B.T. 2010. The Caledonides of the 
Olso Region, Norway—stratigraphy and structural elements. Norwegian 
Journal of Geology, 90, 93–121.

CASE Team. 2001. The evolution of the Western Spitsbergen Fold-and-Thrust 
belt. In: Tessensohn, F. (ed.) Intra-Continental Fold Belts—CASE 1 West 
Spitsbergen. Geologisches Jahrbuch B, 91, 733–773.

Dallmann, W.K. (ed.) 1999. Lithostratigraphic Lexicon of Svalbard. Norsk 
Polarinsitutt, Oslo.

Dallmann, W.K. 2007. Geology of Svalbard. In: Sigmond, E. & Roberts, D. 
(eds) Geology of the Land and Sea Areas of Northern Europe. Norges 
Geologiske Undersøkelse Special Publication, 10, 87–89.

Dallmann, W.K., Andresen, A., Bergh, S.G., Maher, H.D. & Ohta, Y. 1993. 
Tertiary fold-and-thrust belt of Spitsbergen, Svalbard: Compilation map, 
summary and bibliography. Norsk Polarinstitutt Meddelelser, 128.

Eiken, O. 1994. Seismic Atlas of Western Svalbard 1994. Norsk Polarinstitutt 
Meddelelser, 130.

Eiken, O. & Austegard, A. 1994. Svalbard: the lower crust. In: Eiken, O. (ed.) Seismic 
Atlas of Western Svalbard. Norsk Polarinstitutt Meddelelser, 130, 33–40.

Eldholm, O., Skogseid, J., Sundvor, E. & Myhre, A.N. 1990. The Norwegian–
Greenland Sea. In: Grantz, A. & Sweeney, J.F. (eds) The Arctic Ocean Region. 
Geological Society of America, The Geology of North America, L, 351–364.

Engen, Ø., Faleide, J.I. & Dyreng, T.K. 2008. Opening of the Fram Strait gate-
way: a review of plate tectonic constraints. Tectonophysics, 450, 51–69.

Faleide, J.I., Gudlaugsson, S.T., Eiken, O. & Hanken, N.M. 1988. Seismic 
structure of Spitsbergen: Implications for Tertiary deformation. Norsk 
Polarinstitutts Rapportserie, 46, 46–50.

Faleide, J.I., Tsikalas, F., et al. 2008. Structure and evolution of the continental 
margin off Norway and the Barents Sea. Episodes, 31, 82–91.

Fossen, H., Dallman, W. & Andresen, A. 2008. The mountain chain rebounds 
and founders. The Caledonides are worn down: 405–359 million years. In: 

Fig. 12. Line drawing of three tectonostratigraphic units. Hz1, top 
of the metamorphic basement; Hz2, base of the upper Carboniferous 
Nordenskiöldbreen Formation; Hz3, base of Lower Cretaceous 
Helvetiafjellet Formation (dashed line); D1, décollement layer in 
gypsum of Gipshuken Formation; D2, décollement layer in shales of 
Bravaisberget Formation; D3, décollement layer in shales of Janusfjellet 
Formation.



M. Blinova et al.668

Ramberg, I.B., Bryhni, I., et al. (eds) The Making of a Land. Norwegian 
Geological Association, Trondheim, 232–259.

Gaina, C., Gernigon, L. & Ball, P. 2009. Palaeocene–Recent plate boundaries 
in the NE Atlantic and the formation of the Jan Mayen microcontinent. 
Journal of the Geological Society, London, 166, 601–616.

Gee, D.G., Fossen, H., Henriksen, N. & Higgins, A.K. 2008. From the early 
Paleozoic platforms of Baltica and Laurentia to the Caledonide orogen of 
Scandinavia and Greenland. Episodes, 31, 44–51.

Haremo, P., Andresen, A., Dypvik, H., Nagy, J., Elverhøi, A., Eikeland, T.A. 
& Johansen, H. 1990. Structural development along the Billefjorden Fault 
Zone in the area between Kjellstromdalen and Adventdalen/Sassendalen, 
central Spitsbergen. Polar Research, 8, 195–216.

Harland, B.W.1969. Contribution of Spitsbergen to understanding of the tectonic 
evolution of the North Atlantic region. In: Kay, M. (ed.) North Atlantic–
Geology and Continental Drift. AAPG Memoirs, 12, 817–851.

Harland, W.B. 1997. The Geology of Svalbard. Geological Society, London, 
Memoirs, 17.

Holtedahl, O. 1924. Studier over isrand-terrassene syd for de store østland-
ske sjøer. Videnskapsselskapet Skrifter I. Matematisk-Naturvidenskabelig 
Klasse, 14.

Hjelle, A. 1993. Geology of Svalbard. Polarhåndbok No. 7. Norsk Polarinstitutt, 
Oslo.

Kulling, O. 1934. Scientific results of the Swedish–Norwegian Arctic 
Expedition in the summer of 1931, Part XI. The ‘Hecla Hoek Formation’ 
around Hinlopenstredet. Geographiska Annaler, 16, 161–254.

Lacombe, O. & Mouthereau, F. 2002. Basement-involved shortening and 
deep detachment tectonics in foreland orogens: Insights from recent col-
lision belts (Taiwan, Western Alps, Pyrenees). Tectonics, 21, http://dx.doi.
org/10.1029/2001TC901018.

Lauritzen, Ø., Salvigsen, O. & Winsnes, T.S. 1989. Geological map of Svalbard 
1:100000, sheet C8G Billefjorden. Norsk Polarinstitutt Temakart, 5.

Leever, K.A., Gabrielsen, R.H., Faleide, J.I. & Braathen, A. 2011a. A 
transpressional origin for the West Spitsbergen fold-and-thrust belt: 
Insight from analog modeling. Tectonics, 30, TC2014, http://dx.doi.
org/10.1029/2010TC002753.

Leever, K.A., Gabrielsen, R.H., Sokoutis, D. & Willingshofer, E. 2011b. The 
effect of convergence angle on the kinematic evolution of strain partition-
ing in transpressional brittle wedges: Insight from analogue modeling and 
high resolution digital image analysis. Tectonics, 30, TC2013, http://dx.doi.
org/10.1029/2009TC002649.

Lowell, J.D. 1972. Spitsbergen Tertiary orogenic belt and the Spitsbergen 
Fracture Zone. Geological Society of America Bulletin, 83, 3091–3102.

Lyberis, N. & Manby, G.M. 1993a. The West Spitsbergen Fold Belt: the result of 
Late Cretaceous–Paleocene Greenland–Svalbard convergence? Geological 
Journal, 28, 125–136.

Lyberis, N. & Manby, G.M. 1993b. The origin of the West Spitsbergen Fold 
Belt from geological constraints and plate kinematics: implications for the 
Arctic. Tectonophysics, 224, 371–391.

Maher, H.D. & Craddock, C. 1988. Decoupling as an alternate model for 
transpression during the initial opening of the Norwegian–Greenland Sea. 
Polar Research, 6, 137–140.

Majka, J., Mazur, S., Manecki, M., Czerny, J. & Holm, D.K. 2008. Late 
Neoproterozoic amphibolite-facies metamorphism of a pre-Caledonian 
basement block in southwest Wedel Jarlsberg Land, Spitsbergen: New 
evidence from U–Th–Pb dating of monazite. Geological Magazine, 145, 
822–830.

Major, H. & Nagy, J. 1972. Geology of the Adventdalen Map Area. Norsk 
Polarinstitutt Skrifter, 138.

Mazur, S., Czerny, J., Majka, J., Manecki, M., Holm, D.K., Smyrak, A. & 
Wypych, A. 2009. A strike-slip terrane boundary in Wedel Jarlsberg Land, 

Svalbard, and its bearing on correlations of SW Spitsbergen with the Pearya 
terrane and Timanide belt. Journal of the Geological Society, London, 166, 
529–544.

Nemec, W., Steel, R.J., Gjelberg, J., Collinson, J.D., Prestholm, E. & Oxnevad, 
I.E. 1988. Anatomy of collapsed and re-established delta front in Lower 
Cretaceous of eastern Spitsbergen; gravitational sliding and sedimentation 
processes. AAPG Bulletin, 72, 454–476.

Nøttvedt, A. 1994. Post Caledonian sediments on Spitsbergen. In: Eiken, O. 
(ed.) Seismic Atlas of Western Svalbard. Norsk Polarinstitutt Meddelelser, 
130, 40–48.

Ohta, Y. 1985. Geochemistry of Precambrian basic igneous rocks between St. 
Jonsfjorden and Isfjorden and central western Spitsbergen, Isfjorden, cen-
tral western Spitsbergen, Svalbard. Polar Research, 3, 49–67.

Ohta, Y. 1994. Caledonian and Precambrian history in Svalbard: A review, and 
an implication of escape tectonics. Tectonophysics, 231, 183–194.

Ohta, Y., Hjelle, A., Andresen, A., Dallmann, W.K. & Salvigsen, O. 1992. 
Geological map of Svalbard 1:100000, sheet B9G Isfjorden. Norsk 
Polarinstitutt Temakart, 16.

Olesen, O., Ebbing, J., et al. 2007. An improved tectonic model for the Eocene 
opening of the Norwegian–Greenland Sea: Use of modern magnetic data. 
Marine and Petroleum Geology, 24, 53–66.

Peucat, J.J., Ohta, Y., Gee, D.G. & Bernard-Griffiths, J. 1989. U–Pb and Sr 
and Nd evidence for Grenvillian and Latest Proterozoic tectonothermal 
activity in the Spitsbergen Caledonides, Arctic Ocean. Lithos, 22, 275–285.

Ringset, N. & Andresen, A. 1988. The Gipshuken fault system—evidence of 
Tertiary thrusting along the Billefjorden Fault Zone. Norsk Polarinstitutt 
Rapportserie, 46, 67–70.

Saalmann, K. & Thiedig, F. 2002. Thrust tectonics on Brøggerhalvøya and 
their relationship to the Tertiary West Spitsbergen Fold-and-Thrust Belt. 
Geological Magazine, 139, 47–72.

Samuelsberg, T.J. & Pickard, N.A.H. 1999. Upper Carboniferous to Lower 
Permian transgressive–regressive sequences of central Spitsbergen. 
Geological Journal, 34, 393–411.

Srivastava, S.P. 1985. Evolution of the Eurasian Basin and its implications to 
the motion of Greenland along Nares strait. Tectonophysics, 114, 29–53.

Srivastava, S.P. & Tapscott, C.R. 1986. Plate kinematics of the North 
Atlantic. In: Vogt, P.R. & Tucholke, B.E. (eds) The Western North 
Atlantic Region. Geological Society of America, The Geology of North 
America, M, 379–402.

Steel, R.J. & Worsley, D. 1984. Svalbard’s post-Caledonian strata—an atlas 
of sedimentational patterns and palaeogeographic evolution. In: Spencer, 
A.M., Holter, E., et al. (eds) Habitat of Hydrocarbons on the Norwegian 
Continental Shelf. Graham & Trotman, London, 109–135.

Steel, R.J., Gjelberg, J., Helland-Hansen, W., Kleinspehn, K., Nøttvedt, A. 
& Rye Larsen, M. 1985. The Tertiary strike-slip basins and orogenic belt 
of Spitsbergen. In: Biddle, K.T. & Christie-Blick, N. (eds) Strike-Slip 
Deformation, Basin Formation and Sedimentation. Society of Economic 
Paleontologists and Mineralogists, Special Publications, 37, 339–360.

Talwani, M. & Eldholm, O. 1977. Evolution of the Norwegian–Greenland Sea. 
Geological Society of America Bulletin, 88, 969–999.

Tessensohn, F. & Piepjohn, K. 2000. Eocene compressive deformation in 
Arctic Canada, north Greenland and Svalbard and its plate tectonic causes. 
Polarforschung, 68, 121–124.

Worsley, D. 2008. The post-Caledonian development of Svalbard and the west-
ern Barents Sea. Polar Research, 27, 298–317.

Worsley, D. 1986. The geological history of Svalbard: evolution of an arctic 
archipelago. Den norske stats oljeselskap a.s, Stavanger.

Worsley, D. & Nøttvedt, A. 2008. Carboniferous and Permian in the north. 
In: Ramberg, I.B., Bryhni, I., et al. (eds) The making of a land. Geology of 
Norway. Norsk Geologisk Forening, Trondheim, 304–329.

Received 10 September 2012; revised typescript accepted 14 March 2013.
Scientific editing by Ian Alsop.

http://dx.doi.org/10.1029/2010TC002753
http://dx.doi.org/10.1029/2010TC002753
http://dx.doi.org/10.1029/2009TC002649
http://dx.doi.org/10.1029/2009TC002649

