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Neotectonic Dislocations on the Barents Sea Shelf and Their Origin
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Abstract—A comprehensive analysis of the morphometric attribute “general curvature” for the Barents Sea
bathymetry and reports on the seismic and seismoacoustic data on tectonic dislocations in a wave field, the
fault network of the sedimentary cover, and seismotomographic data on the heterogeneous deep pattern of
the distribution of seismic wave velocities in the upper mantle are provided. The analysis showed that mobile
blocks of the upper mantle, exhibiting heterogeneous rheological properties, are associated with the consol-
idated part of the Earth’s crust fault network of deep-seated origin. The fault network emerges on the seafloor
and, becoming a relief-forming factor, forms specific domains with different textures displayed in the mor-

phometric attribute “general curvature.”
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The geodynamics makes an impact in the north-
western framework of Eurasia on the Arctic shelves of
Russia. It is manifested in seismicity and neotectonic
dislocations of the sedimentary section, especially its
upper part, and in many other factors [1—3]. The most
recent and modern tectonic displacements of the sea-
floor in the deep framework of the Barents shelf can be
reliably detected on the basis of the seismic survey data
and, especially, by high-frequency seismoacoustic
profiling with a vertical resolution of less than 1 m. In
the deep parts of the water area, the density of this type
of geophysical observations is low. In the process of
the identification of faults on the sections, significant
spaces between them remain unrepresented by data;
thus, tracing dislocations in these zones is problem-
atic.

Modern digital elevation models (DEM) of the
Arctic seafloor on the International Bathymetric
Chart of the Arctic Ocean (IBCAO) [4] of medium
scale (1 : 250000 and smaller) do not contain these
spaces. This feature makes it possible to trace faults on
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the basis of the morphometric characteristics of the
relief. This approach gives reliable results only
together with seismic data, confirming the relation-
ship between the morphometric anomalies with dislo-
cations. The density of seismic data and of the results
of their interpretation for the Barents Sea shelf is quite
large. On this basis, we compared them with the relief
through morphometrical analysis for the Russian part
of the water area. This makes it possible to validate the
application of this approach to studying neotectonics
in water areas that have been poorly studied by seismic
surveys.

Most lineaments in the relief are surface manifesta-
tions of near-surface and deep faults and structural
formations of different origins, sizes, ages, and depths.
At present, there are a limited number of works related
to the morphometric analysis of the landforms, which
are typical of tectonic structures and processes [5—8].
Single works are devoted to the identification of the
tectonic structures in the seafloor relief with the use of
morphometry [9, 10].

We used the actual DEM IBCAO [4] on a 200-m
grid. The morphological attributes of faults are linear
structures and structural differences in relief on the
neighboring domains bounded by the fault network.
The most likely fault structures, identified from the
morphometric attributes of the seafloor relief, are
compared with the faults confirmed by direct seismic
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observations. Figure 1 demonstrates the General Cur-
vature map calculated in the SAGA software [11] using
the DEM IBCAO, smoothed in a 5-km moving win-
dow. The need for smoothing arises because this DEM
is a combination of ordinary measurements, the data
of navigation maps, and altimetry with individual frag-
ments of the detailed multibeam bathymetry. This cre-
ates artifacts on a map with spatially inhomogeneous
accuracy of data, which must be excluded from the
interpretation. Figure 1 also demonstrates the fault
networks on the basis of the data with a scale of
1:5000000 [12] and from data of the T-37-40 sheet of
a geological map with a scale of 1 : 1000000 [13] with
differentiation by the kinematic type, constructed
from 2D seismic data.

The analysis of various attributes, which were pro-
cessed in the SAGA software, showed that, in compar-
ison with faults, the variant of calculation with the
greatest contrast is the general curvature, which is a
combination of the second derivatives of the topogra-
phy for both spatial coordinates.

Comparison of the general curvature with fault
network reliably established from the seismic data and
shown on the published maps (Fig. 1) demonstrates
that the latter delimits the seafloor into domains with
different patterns of the attributes. Domains with an
intense chaotic texture are observed; most of them are
concentrated in the zones between the northwest-
striking left lateral strike—slip faults, from the central
part of the Barents Sea to the head of the St. Anna
Trough in the northeast. Domains with a lighter tex-
ture are manifested to a lesser degree. The intersection
of the strike—slip fault and chaotic domains is shown
in a section in Fig. 2. This section contains two nega-
tive flower structures, the near-surface fault paragen-
esis of which emerges onto the seafloor surface. The
main strike—slip rupture runs deeper than the Triassic
reflecting horizon A;(T;). In the central part of the
section, multiple dislocations are visible in the upper
800—900 ms between the two strike—slip structures.
These dislocations not only emerge to the surface, but
also form small positive landforms on the seafloor
with an amplitude of 10 to 25 m. This points to the
modern age of the dislocations, which displace the
Mesozoic sedimentary complexes in the transten-
sional mode and play a relief-forming role. The sec-
ondary dislocations may be manifested in the entire
chaotic domain between long strike—slip faults (Fig. 1).
Deposits of seafloor flows, adapted to the fault net-
work, may enhance their relief-forming effect.

The attribute of curvature on the northern frame-
work of the shelf clearly shows the sides of the troughs
reaching onto the shelf edge. In the Norwegian part of
the Barents Sea, the domains with a chaotic texture of
the feature with linear elements (Fig. 1) are oriented
northeastward and correspond to the known system of
troughs in this part of the shelf. In the northern Rus-
sian part, these elements are confirmed by the fault
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network plotted on medium-scale maps (Fig. 1). In
the southern Russian part of the shelf, domains with
different textures are also observed. In addition, the
map [13] indicates a fault network oriented northwest-
ward similar to that in the northern part of the water
area. Some of the faults shown on the map do not run
continuously through the southern part of the Barents
Sea. Nevertheless, the deep sections (Fig. 3) and high-
frequency profiles (Fig. 4) indicate tectonic disloca-
tions that emerged on the seafloor surface on an
assumed line of the fault continuation toward the
southwestern edge of Novaya Zemlya. We highlight
that the high-frequency section (Fig. 4) in the vicinity
of the fault displays an increase in the intensity of the
reflector located at a depth of ~6 meters below the sea-
floor, which probably indicates the accumulation of
free gas that enters along this fault. The increase in
intensity may also have resulted from mechanical
destruction of the subhorizontal boundary at a depth
of 363 ms in the fault zone, which, most likely, has a
permafrost origin and serves as a fluid reservoir-seal
rock.

A system of northwest-oriented faults with obvious
signs of neotectonic activity covers the entire water
area of the Barents Sea. According to [14, 15], the
scheme of the Devonian—Triassic rift system and its
Jurassic—Cretaceous activation have a system of trans-
form displacements, the spatial orientation of which
coincides with the faults highlighted in the maps [12, 13].
This indicates the genetic connection of the areas of
modern neotectonics with the Paleozoic and Meso-
zoic structural heterogeneities, but raises a question
about the geodynamic effect on the plate with the
block structure at the present time.

According to [3], the geodynamically active frame-
work of the Barents Sea shelf (Knipovich and Gakkel
ridges) with a time-varying seismic cycle forms defor-
mation waves that affect the shelf propagating from
two mutually perpendicular divergent zones. In addi-
tion, based on the postulate that one of the “engines”
of the plate tectonics is “ridge push,” two pressure
sources are superimposed on the shelf. They can affect
the intraplate dynamics by activating the fault system
located at an angle of ~45° in both directions of the
propagation of deformation waves.

Another geodynamic factor is the presence of the
anomalously hot mantle beneath the Spitsbergen
Archipelago including its vicinity. This is confirmed
by the rift-related heat flux measured in the Orli
Trough during the 25th cruise of the R/V Akademik
Nikolai Strakhov [16]. The shape of the iso-surface of
seismic velocities of 8.3 km/s in Fig. 5a illustrates that
the northwestern part of the Svalbard plate up to
depths of 250 km has a cavity oriented northeastwards
with reduced velocities. On the southwestern frame-
work of the Franz Josef Land archipelago (Fig. 5b), a
dense network of faults oriented northeastward is
manifested on the surface of this cavity. According to
Vol. 508
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Fig. 1. The map of the morphometric attribute “general curvature” of the Barents Sea, calculated from IBCAO [4] data in the
SAGA software [11], the fault networks on a scale of 1 : 5 000 000 according to [12] and on a scale of 1 : 1 000 000 according to
sheet T-37-40 [13] with classification by the kinematic type. Letters show the domains in the attribute field: A, with a chaotic tex-
ture; B, with a lightened texture. The numbers give the positions of the seismic sections in the corresponding figures.

the interpretation of the 4-AR reference section [17], mobile mantle, which additionally has an impact on
these faults also emerge on the seafloor surface. This the developed fault network, and is manifested by the
indicates that the dynamics of the plate with a block Quaternary volcanism on Spitsbergen as well [18]. The
structure, besides the standard factors of plate tecton-  iso-surface (Fig. 5a) has small depressions oriented
ics, is affected by the relatively more heated and northwestward and a distinct branch of the low-veloc-
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ented strike—slip dislocations. The solid red lines show the fault paragenesis of the negative flower structures emerging on the
seafloor surface. The dotted red lines show the main strike—slip dislocations. The position of the fragment is shown in Fig. 1.
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Fig. 3. Fragment of CDP KS103 section in the southern part of the Barents Sea according to [19], crossing the zone of the sup-
posed northwest-oriented dislocations. The solid red lines show the faults emerging on the seafloor surface. The position of the

fragment is shown in Fig. 1.

ity cavity to the Kola Peninsula under a high-velocity
“canopy” at a depth of ~75 km under the Fedynskii
Arch.

Comparison of the fault network with the velocity
slice of the mantle at a depth of 50 km (Fig. 5b) shows
that the neotectonical dislocations quite clearly divide
the velocity heterogeneities into segments in both the
northwesterly and northeasterly directions. This
points to the mobility of the plate blocks down up to
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the deep zones, resulting in neotectonic deformations
on the surface. The question of the mechanism of the
tangential impact on the plate blocks, which create
displacements at angles of ~45° to the geodynamically
active zones surrounding the Barents Sea, remains
open due to the strike—slip kinematics of many faults.

Therefore, the analysis of the deep structure of the
mantle in terms of the velocities, fault network, and
morphometry of the seafloor relief of the Barents Sea
Vol. 508
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Fig. 4. Fragment of the ANS_to_W44 section, obtained by a high-frequency profiler during the 41st cruise of R/V Akademik
Nikolai Strakhov in the southern part of the Barents Sea, crossing the zone of the supposed northwesterly oriented dislocations.
The solid red line shows the fault extending to the seafloor surface. The position of the fragment is shown in Fig. 1.
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has shown the relationship between the rheologically
heterogeneous and mobile blocks in the upper mantle
and the consolidated part of the Earth’ crust with the
deep fault network. The fault network emerges on the
seafloor surface as a relief forming factor; it forms the
specific domains with different textures displayed in
the morphometric attribute “general curvature.” The
casual relationship of the tectonic processes from the
deep lithosphere to the surface is confirmed.
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