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Abstract—This study analyzes seismicity within the shelf of the Barents Sea and the Knipovich and Gakkel
ridges that surround it, and compares the spatial distribution of seismicity with the fault network as identified
by seismic prospecting data. Kinematic characteristics have been obtained for the spatial migration of seismic
activity. It is shown that the seismic events recorded by NORSAR, the Norwegian regional network, as occur-
ring within the Russian part of the Barents Sea shelf make linear clusters along strike slip faults. The fault net-
work displaces Mesozoic seismic sequences and emerges at the bottom surface by displacing Quaternary
deposits. This clearly indicates a present-day age of the faults along which the linear clusters of low magnitude
seismicity aligned. The computation of the total seismic moment in the space-time domain showed the pres-
ence of a seismic activity migration along short fault segments in the shelf at rates of 10.5 to 25.7 km/year.
A burst of general activity in the shelf area beginning in 2012 could be noted. Comparison of the time-depen-
dent evolution of seismic activity in the shelf to fragments of the Atlantic–Arctic Rift System suggests that the
evolution is due to tectonic deformation waves that are initiated along the geodynamically active plate bound-
ary and are propagating to the shelf at a rate of 20‒22 km/year. Another alternative, namely, that the rate of
migration can reach 77 km/year, is less likely. The increase in the rate of seismic activity in the shelf after 2012
might be, not emission due to the excitation of a slow deformation wave, but rather resulted from direct trig-
gering impact on the shelf by the Knipovich and Gakkel ridges.
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INTRODUCTION
The subject of our research in neotectonics within

the eastern part of the Barents Sea shelf is related to
the presence of a geodynamically active frame of the
sea and the continent–ocean transition zone (Fig. 1).
There are two nearly perpendicular segments of the
Atlantic–Arctic Rift System (AARS) to the northwest
near passive continental margins and shelves in Eur-
asia, namely, the Knipovich Ridge (with the Lena
Trough) and the Gakkel Ridge. According to (USGS …,
2022), the ridges are characterized by intensive seis-
micity that is typical for tensional mid-oceanic ridges.
Quaternary volcanoes have been identified in the
Spitsbergen Archipelago (Sirotkin and Sharin, 2000)
along with lateral movements at lithosphere top as
seen from GPS data (Heflin et al., 2020; GPS …, 2022)
occurring at a rate of 17.9 mm/year at azimuth 36° (see
Fig. 1). There is another evidence for active geody-
namics within the shelf, namely, the presence of an
anomalously hot mantle beneath the Spitsbergen

Archipelago and environs (Gac et al., 2016), which is
not typical for continental shelf areas in the Arctic
region (Yakovlev et al., 2012). This is confirmed by rif-
togenic values of heat f low as measured in the Orly
Trough during the 25th cruise of the R/V Akademik
Nikolai Strakhov; the heat f low is 550 mW/m2, which
is by ~8 greater than the background values for shelves
(Khutorskoi et al., 2009). According to regional seis-
mic tomography studies (Bungum et al., 2005), the
northwestern angular part of the Barents Sea shelf has
beneath it a depression in the isosurface of P-wave
8.3 km/s value (Sokolov et al., 2023a), which too indi-
cates an uncommon rheologic state of the mantle
beneath the continental region.

The eastern part of the shelf has a feature of its own,
namely, a fault network (Harrison et al., 2008) which
was confidently identified based on data of structural
seismic prospecting and is completely displayed in the
state geological maps to scale 1 : 1000000 for the east-
ern Barents Sea (Karta …, 2004). The network con-
64
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Fig. 1. The seismicity of the northwestern framing of the Barents Sea shelf based on data from (USGS …, 2022) for events with
magnitudes greater than 2.5, separately for the depth ranges 0‒13 and 13‒40 km; the fault network is after (Harrison et al., 2008),
the Quaternary volcanoes were borrowed from (Sirotkin and Sharin, 2000), and the parameters of motion for the GPS NYA1
station are based on data from (Heflin et al., 2020; GPS …, 2022). Also shown are the area of calculation for the space–time evo-
lution of total moment release due to low magnitude seismic events as reported in (NORSAR …, 2022) for the period 2001‒2020
(the dark blue triangle) and segments of sections (red lines). The topographic base is from IBCAO data (Jakobsson et al., 2020).
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tains left lateral faults striking at an angle of ∼45° with
respect to the continental margin (see Fig. 1). The
faults are not shown in the Norwegian part of the sea
owing to insufficient information incorporated in the
international geological map (Harrison et al., 2008).
Comparison of the strike slip faults with deep mantle
cross sections in the tomographic model (Bungum
et al., 2005) carried out by Sokolov et al. (2023a)
demonstrates a relationship between their geometry
and mantle inhomogeneities. An analysis of fault data
given in more detail (Nikitin et al., 2018) revealed that
the faults are accompanied by a “dense” feather net-
work which is not shown in maps to scale 1 : 1000000.
Studies of the upper sedimentary section for the Bar-
ents Sea and of its seismicity (Musatov, 1998; Krapiv-
ner, 2007; Antonovskaya et al., 2021) showed that the
sea area contains numerous elements of neotectonics
and seismic activity occurring far beyond the divergent
plate boundaries (see Fig. 1), and is subject to the
impact of tectonic deformation waves. These facts
JOURNAL OF VOLCANOLOGY AND SEISMOLOGY  V
together with the data (Sokolov et al., 2023b) on the
eastward spatial migration of the junction zone
between the Knipovich and Mohn ridges indicate a
geodynamic impact of active structures on the shelf
and its possible tectonic activation developing east-
ward and northeastward. The present paper is devoted
to an analysis of interrelationships shown by shelf
faults, teleseismic data, and regional seismicity based
on the data of (NORSAR …, 2022).

REGIONAL SEISMICITY AND FAULTS

The Barents Sea seismicity as inferred from data of
the regional network (NORSAR …, 2022) (Fig. 2) indi-
cates the existence of intraplate events with epicenters
clustering parallel to the shelf break with strike slip
source mechanisms; the slip planes are oriented nearly
north–south (Olesen et al., 2000) and there is a nearly
east–west tension (Keiding et al., 2018). These data
indicate tectonic activation of the shelf close to its
ol. 18  No. 1  2024



66 SOKOLOV et al.

Fig. 2. Seismicity of the Barents Sea shelf based on data of (NORSAR …, 2022) for the period 2008 to 2012 for events with mag-
nitudes greater than 2.5. The fault network is based on GIS data of the State Geological Map of the Russian Federation, scale
1 : 1000000 (the New Series) with faults indication by kinematic type (Karta …, 2004).
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western margin, and a possible eastward migration
(Sokolov et al., 2023b). Data visualization (NORSAR …,
2022) for magnitudes greater than 2.5 for the period of
observation between 2008 and 2012 shows that the epi-
centers in the northeastern Barents Sea are grouped
into linear chains striking northwest (see Fig. 2). This
is the only location in the eastern part of the sea where
NORSAR data (NORSAR …, 2022), which largely
come from detection of random noise spikes, showed
clustering of these events to make linear clusters (see
Fig. 2), which are radically different from a chaotic
distribution. Comparison of their spatial distribution
to the fault network inferred for the project of the State
Geological Map of the Russian Federation to scale
1 : 1000000 (the New Series) (Karta …, 2004) shows
that the events are confined to left lateral strike-slip
faults and the accompanying feather faulting, which
can well fail to be shown in a map of this scale. The
well-pronounced western cluster is not merely located
along a fault, but also experiences the same bend in
strike near the area with coordinates ∼44° E and ∼77° N.
In the case under consideration, a large statistics upon
the background of detections with a chaotic spatial
distribution reveals the same weak events, but which
exhibit a clear spatial correlation; this is absent from
JOURNAL OF VOLCAN
events generated by a really random process; the cor-
relation is also found to be confined to a present-day
tectonic feature. We note that the rate of events asso-
ciated with faults increases as one approaches the
Novaya Zemlya fold–thrust structure and decreases to
the south of the sea area. We believe that the associa-
tion between clusters and faults is not sporadic, and it
is fault structures which host the tremor source.

The northern continent–ocean transition zone in
the Barents Sea manifests itself in seismicity as
recorded by the Arkhangelsk seismological network
(Morozov et al., 2014, 2015). These data are repre-
sented by events that align themselves along the shelf
break, which A.N. Morozov and coauthors inter-
preted as resulting from the isostatic response to the
load at the continent–ocean boundary. In addition,
Morozov et al. (2014, 2015) identified events related to
crustal destruction in the area of the northern troughs,
which are associated with heat f low showing riftogenic
values (Khutorskoi et al., 2009). The process is related
to the presence of an anomalously hot mantle in the
northwestern framing of the Barents Sea shelf
(Bungum et al., 2005), which is also invoked to explain
the Quaternary volcanism in the Spitsbergen Archi-
pelago (Sirotkin and Sharin, 2000) and the high seis-
OLOGY AND SEISMOLOGY  Vol. 18  No. 1  2024
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Fig. 3. A fragment of the reference seismic section 4-AR in the northern Barents Sea crossing the northwestern zone of strike slip
faults (see Figs. 1 and 2). Solid red lines represent reliably identified faults and the feathering of negative and positive f lower struc-
tures emerging at the bottom surface. Dashed red lines mark main strike slip faults. The violet line shows the reference Triassic
horizon A2(T2). The location of the fragment is displayed in Fig. 1.
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micity at its southern framing (ISC …, 2023), which is
analyzed in the present study.

The project of geological mapping at scale
1 : 1000000 involved a considerable amount of data
supplied by structural 2D seismic prospecting the sec-
tions of which show absolutely reliable faults. Figure 3
shows a segment of the section where one can see a set
of faults emerging at the bottom surface. This short
segment contains positive and negative f lower struc-
tures indicating the existence of a complex mosaic
consisting of transtension and transpression regimes
near the strike slip fault zone. Similar discontinuities
have been identified near strike slip faults further south
in the northeastern Barents Sea (Sokolov et al.,
2023a). The faults can be traced as far as the sea bot-
tom, hence very likely indicate a present-day age of
these discontinuities and their ongoing activity pro-
ducing a relief-forming effect (see Fig. 3). The detailed
study of the uppermost sediment section (USS) (Fig. 4)
carried out during the 51st cruise of the R/V Akademik

Boris Petrov clearly shows faults emerging at the bot-
tom surface as identified from combinations of relief
roughnesses and displacements of a high-amplitude
bottom reflector, and which show differently directed
kinematics. If the resolution of seismic data and the
effective length of the bottom reflection are ∼40–50 ms
(see Fig. 3), then the effective length on a seismogram
with dislocations as shown in seismoacoustic sections
(see Fig. 4) quite fits this interval. This demonstrates
the character of emergence for deep-seated faults onto
the surface in high frequency sections without mask-
JOURNAL OF VOLCANOLOGY AND SEISMOLOGY  V
ing by intensive bottom reflections as recorded by deep
2D seismic prospecting.

The USS of the sedimentary rock sequence in dif-
ferent parts over the Barents Sea (Solheim et al., 1998)
is characterized by strong variability in composition,
thickness of unconsolidated Quaternary deposits, and
diamicton (Krapivner, 2018; Dunaev et al., 1995).
These overbed eroded Mesozoic complexes (Shipilov
and Shkarubo, 2010) displacements of which along
the deep-seated fault network are transmitted to the
USS. Frozen rocks (Krapivner, 2018) and BSR (a bot-
tom simulated reflector, which is a pseudo-bottom
reflector at the bottom of gas hydrates) is a trap for f lu-
ids in the form of free gas, and enhance the dynamics
of bottom reflectors near deep-seated faults emerging
at the surface along which degassing is occurring.
Accumulations of gas enhance the amplitude contrast
of displaced reflectors and the reliability of fault iden-
tification. The data tremor is obviously confined
(NORSAR …, 2022) to these fault structures (see Fig. 2),
but the interpretation of its origin is not so obvious.

THE DATASET

The illustration of the AARS seismicity is based on
data from the catalog at (USGS …, 2022) obtained for
the region of study using an oceanic velocity model
showing the location of the epicenter cloud without
displacement away from the axis of the rift system (see
Fig. 1). Calculations of characteristics of the seismic
process for the western Barents Sea were based on data
from the catalog (ISC …, 2023). The events of the
ol. 18  No. 1  2024
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Fig. 4. A fragment of the seismoacoustic section ABP51_2209212244 obtained by a ParaSound P-35 high frequency profiler
during the 51st cruise of the R/V Akademik Boris Petrov (October‒November 2022, Institute of Oceanology RAS, Geological
Institute RAS) in the middle of the Barents Sea. The section crosses the northwestern zone of strike slip faults. Red lines show normal
and reverse faults that disturb the section top and emerge at the sea bottom. The location of the fragment is shown in Fig. 1.

360

380

400

420

440

460

480

50.118
75.768

50.105
75.767

50.092
75.767

50.079
75.766

50.066
75.766

50.053
75.765

50.040
75.765

50.027
75.764

50.014
75.764

50.001
75.763

49.988
75.763

49.975
75.762

49.961
75.762

49.948
75.761

49.935
75.760

49.923
75.760

49.909
75.759

49.897
75.759

49.884
75.758

49.871
75.758

49.858
75.757

49.845
75.757

49.832
75.756

49.819
75.756

3 km

45
 m

Tw
o-

w
ay

 tr
av

el
 ti

m
e,

 m
s

EW
regional catalog (NORSAR …, 2022) (see Fig. 2) were
obtained by automatic detection of time and coordi-
nates using the detailed velocity model NORSAR3D
(Ritzmann et al., 2007), which is characteristic for the
continental structure of shelves and incorporates the
delamination of the crust into the sedimentary and the
crystalline layers. The interval 2008‒2012 for Fig. 2
was selected with a purpose, since an event with Mw =
6.1 occurred in the southern Spitsbergen on February
21, 2008, which triggered a considerable microseismic
response within the archipelago. This activity within
the shelf is unique; the geodynamic aspects of its
occurrence in the area are discussed in (Sokolov et al.,
2023a, 2023b). The regional NORSAR network
records events with magnitudes upwards from –2
within the entire area of the Barents Sea by automatic
detection, which mostly produces false detections.
The occurrence of a spatial correlation (see Fig. 2)
shows that the array of automatically detected chaotic
events contains a fraction of equally weak events, but
which are geometrically confined to faults with neo-
tectonic activity, events that can be interpreted as
resulting from the processes going on along these
crustal discontinuities. As well, as will be shown later
on, these faults exhibit a tendency of space–time dis-
placement that is totally absent from the bulk of the
study area. Linear clusters of events are identified over
time, as well as over spatial coordinates. This rules out
the possibility of a random configuration for the
(NORSAR …, 2022) seismicity for the part of the sea
area studied here.

For our study we selected events between 2001 and
2020, with the total number of events recorded by two
or more stations being ~550 thousands. This amount
of automatically detected events makes the results of
their linear spatial location statistically significant, in
spite of the presence of wrong detections. The emer-
JOURNAL OF VOLCAN
gence of deep-seated faults at the bottom surface is
illustrated using materials from the Russian Geologi-
cal Foundation. The illustration of faults in the USS
relied on data which were acquired using a ParaSound
P-35 high frequency profiler during the 51st cruise of
the R/V Akademik Boris Petrov (October–November
2022, Institute of Oceanology and Geological Insti-
tute, Russian Academy of Sciences).

COMPUTATIONAL TECHNIQUES

Available data on seismic events (a total of about
550 thousand) for 20 years can be used to produce a
statistically significant picture of their spatial distribu-
tion in the Barents Sea area, including its Russian part.
We calculated the total seismic moment both for the
AARS axial part (separately for the Knipovich and
Gakkel ridges) based on USGS data and for the events
occurring within the shelf area based on NORSAR
data using the well-known empirical moment–magni-
tude Gutenberg–Richter formula. For these calcula-
tions we used the coefficients after (Boldyrev, 1998)
who studied the seismic process in the North Atlantic.
We calculated total released moment for each year
starting in 1950 for the AARS segments as indicated.
The calculation for the shelf area was carried out for
that which was mostly in the Russian part as shown in
Fig. 1. The totals were calculated for spatial 10 × 10-km
squares at intervals of one year from 2001 to 2020. The
result was to obtain a three-dimensional data array
(cube), which allowed us to represent the total
moment in 3D form with possible options of making
2D vertical slices in its orthogonal sections. The verti-
cal slices of the cube are shown in Fig. 5. The NOR-
SAR catalog, which contains ∼240 thousand events
with magnitudes upward of –2 in the calculation region
(see Fig. 1) was processed using a FORTRAN-90 pro-
OLOGY AND SEISMOLOGY  Vol. 18  No. 1  2024
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gram module compiled specially to deal with the prob-
lem. We summed moments of all events to make a 3D
array where the X and Y axes are coordinates in the
UTM37 projection with the option of adjusting the
discretization step, while the Z axis is the third dimen-
sion with a time discretization step of one year. The
results of these calculations were uploaded into the
software module to do a 3D data visualization, as well
as to get an integrated sample along one of the axes
and to average it in a moving window.

THE RESULTS

The space–time trends of the seismic moment can
be traced only in some parts of the cube, namely, in
the northern part of the area near northwest-trending
strike slip faults and in the eastern part where the strike
slip faults join the Novaya Zemlya structures (see Fig. 2).
Figure 5 shows an east–west and a north–south sec-
tion across the total moment cube where we can easily
discern trends of this space–time migration of
moment maxima at a rate of ∼10.5 km/year away from
the Knipovich Ridge eastward (see Fig. 5a) and at a
rate of ∼12.0 km/year from the Gakkel Ridge south-
ward within the Novaya Zemlya area (see Fig. 5b). The
remaining space of the cube mostly shows a chaotic
distribution of individual total moment peaks. We note
the increase in seismic moment compared with the
background values since 2015. The increase is best
expressed near the northwestern framing of Novaya
Zemlya where the archipelago is in contact with the
system of strike slip faults (see Fig. 2).

As to the sea area, the best-pronounced linear clus-
ter of events (see Fig. 2) is that alongside the longest
strike slip fault in the northeastern Barents Sea; further
north it becomes a set of faults of undefined type of
kinematics and with an azimuth change of 10° –15°
northward. We highlight, in Fig. 6, the area of that
cluster for which we made a special selection from the
total data array for the period from 2001 to 2020. The
space-time distribution of events in the area is shown
in Fig. 7. One notes two zones of seismic activity mov-
ing southeastward at rates of ∼22.8 and ∼25.7 km/year.
The components of these rate vectors when projected
onto the X axis would have the values similar to those
highlighted in the orthogonal east–west section in Fig. 5a.
There is a silent interval in seismicity near the south-
ern zone lasting ∼4 years within which activity decays.
A synchronous burst of activity is seen in 2012 within
the entire fault zone, with the burst coinciding with
the event of June 22, 2012 whose magnitude is 4.18
(see Fig. 6). Since 2016, the synchronous activity
along the entire fault zone became more frequent. As
is shown in Fig. 6, several events of magnitude greater
than 3.8 were recorded in 2016, 2018, and 2020 which
are related to the occurrence of synchronous activity
(see Fig. 7).
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DISCUSSION OF THE RESULTS
The trends derived by our analysis, namely, the

movement of seismic activity east of the Knipovich
Ridge and south of the Gakkel Ridge (see Figs. 5a, 5b)
nicely fit the hypothesis of a superposition of tectonic
deformation waves due to two geodynamically active
AARS segments framing the northwestern Arctic shelf
(Antonovskaya et al., 2021). At the same time, the
geometry of the active AARS segments at the two
ridges is such as to make these two segments join
almost at an angle of 90° (see Fig. 1). Assuming that
the ridge push is one of the three main driving forces
for the plate tectonic mechanism (Khain and
Lomidze, 2005), we must conclude that this situation
must have produced a special pattern of the structural
tectonic compression elements in the shelf quadrant
confined within the two AARS segments, striking at
angles of ∼45° with respect to both of the ridges (Fig. 8).
Actually however, we see no such deformations pro-
ceeding from the AARS segments at identical direc-
tions. The geodynamic setting in the Knipovich Ridge
area is transtension (tension combined with shear)
(Verba et al., 2000; Crane et al., 2001; Gusev and
Shkarubo, 2001; Zykov and Baluev, 2008; Kutinov et al.,
2015; Sokolov et al., 2017; Zaraiskaya, 2017; Sokolov
et al., 2023b), indicating different forces that are due to
the Gakkel and Knipovich ridges and which act on the
Barents Sea shelf. We have the fact that the spreading
at the Knipovich Ridge has an oblique direction with
respect to the tension axis and its f lanks involve defor-
mation occurrences of shear origin. Therefore, the
simplified pattern of the force directions that are com-
monly assumed for active rift structures is inapplicable
in this case. The geodynamics of the region acquires a
more realistic interpretation involving a right lateral
component in the displacement of the plate east of the
Knipovich Ridge (see Fig. 8). This easily explains the
left strike-slip kinematics of northwest striking faults
in the eastern Barents Sea. The system of left lateral
strike-slip displacements (see Figs. 1, 2, 8) oriented
northwestward at an angle of ∼45° with respect to both
ridges is quite reliably identified throughout the Bar-
ents Sea, and the seismicity is associated with it (see
Fig. 2). According to (Shipilov, 2004, 2015; Vinogra-
dov et al., 2005), the Devonian–Triassic rift system
and its Jurassic–Cretaceous activity have a system of
transform faults whose spatial orientation is identical
with that of the faults identified to exist in the maps
(Karta …, 2004). This indicates an inheritance rela-
tionship of areas of present-day neotectonics to Paleo-
zoic and Mesozoic structural inhomogeneities, but
also raises the issue of the geodynamic mechanism
that is driving the block-structured plate. The trends as
identified here can be due both to movements on faults
owing to asymmetrical pressure on the part of the
AARS segments or to emission as the deformation
waves pass through a fault inhomogeneity. It would be
more likely to hypothesize a combination of the two
factors. It seems impossible at present to separate
ol. 18  No. 1  2024
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Fig. 5. Total seismic moment (between 0 and 155 × 1013 J) in the eastern Barents Sea in (10 × 10 km) × (1 year) grid meshes
based on NORSAR data (NORSAR …, 2022) for the period 2001‒2020. We used events with magnitudes upward of –2. The
1 : 1 000 000 fault network is based on Sheet T-37-40 (Karta …, 2004]). Arrows indicate trends of space–time movement of energy
release at apparent velocities along the vertical slices through the three-dimensional array. (a) View from the south to north, an
east–west cross section of total seismic moment, (b) view from east to west, a north–south cross section of total seismic moment.
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them, but the available data enable us to find some
quantitative characteristics and likely cause-and-
effect relations among them. As well, we might try to
compare the rates of space–time migration of seismic
JOURNAL OF VOLCAN
activity due to the tectonic deformation waves within
the shelf toward the AARS segments.

The rate of tectonic deformation waves accompa-
nied by seismic tremor can reach 10–15 km/year at
OLOGY AND SEISMOLOGY  Vol. 18  No. 1  2024
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Fig. 6. The area of seismicity analysis based on data of (NORSAR …, 2022) along the zone of a linear epicenter clustering (see Fig. 2) on
the fault network as depicted in the State Geological Map of the Russian Federation, scale 1 : 1000000 (the New Series) with the
faults indication by kinematic type of movement after (Karta …, 2004). The epicenters are shown for magnitudes greater than >3.8.

13 Jul 2012 12:12:56.00

80� N

79� N

78� N

77� N

76� N

75� N

74� N

34� E 36� E 38� E 40� E 42� E 44� E 46� E 48� E 50� E 52� E 54� E 56� E 58� E

28� E 30� E 34� E 38� E 42� E 46� E 50� E 52� E 54� E 56� E 58� E 60� E 62� E 64� E 66� E 68� E 70� E

km

kinematics

300 60 120 180 240

NORSAR (>3.8)
28 Jul 2010 12:54:33

13 Aug 2006 16:15:39.00

21 Aug 2018 21:41:18.00
18 Feb 2020 07:31:02.00

22 Jun 2012 09:25:46.00

22 Aug 2014 08:51:45.00
29 Jun 2012 14:21:23.00

30 Jan 2016 03:30:52.00

29 Jul 2016 13:24:17.00

24 May 2016 22:29:04.00
14 Aug 2012 11:45:47.00

Fault area

Geol. map 1 million

reverse

undefined

normal

strike slip
short fault segments (Bykov, 2005, 2018), and can
increase attaining a few hundred kilometers per year
on long tectonic features like subduction zones. The
basis for the determination of rates is a space–time
representation of the seismic process which, when
within the fault zone of the shelf (see Figs. 5a, 5b),
gives ∼10.5 and ∼12.0 km/year when projected onto
the X and Y axes, respectively, while the values along
the fault are ∼22.8 and ∼25.7 km/year (see Fig. 7). One
notes a higher release of seismic energy in 2012 and
during the time between 2016 and 2020. We have cal-
culated total moments from yearly values for the shelf
fault zone from data of (NORSAR …, 2022), and com-
pared these with the total moments for the Knipovich
and Gakkel ridges based on data from (USGS …, 2022)
and for the area of intrashelf seismicity off the Spits-
bergen Archipelago from data of (ISC …, 2023) (with-
out the Novaya Zemlya data) (Fig. 9) using the proce-
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dure for comparing minima displaced over time as
described by Antonovskaya et al. (2021), with the only
modification that minima have been replaced with
maxima.

The plots show both yearly sums and averaged val-
ues in a moving window of 3 years. One can see the
evolution of moment release in a smoother form. It
would have been unreasonable to use a longer window,
5 years of still more, because that would produce spu-
rious minima in those time intervals where local max-
ima of the moment occur in the original data. One of
the chief features noticeable in the plotted moments
for the nearly orthogonal AARS segments consists in
synchronicity in the occurrence of maxima (see Fig. 9).
The shaded bands mark the segments of synchronous
peaks for the Knipovich and Gakkel ridges. One espe-
cially notes the silent interval during the period from
1968 to 1988, identical in both plots. This character of
ol. 18  No. 1  2024
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Fig. 7. The space-time structure of seismicity based on data of (NORSAR …, 2022) along the area of analysis (see Fig. 6) in a band
near the fault having a linear clustering of epicenters. The horizontal longitude scale is supplemented with the distance along the
area in kilometers. Arrows and numerals indicate the trend lines and the rates of energy release movement along them.
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seismic energy release indicates the presence of a plan-
etary factor serving as a trigger for the release of tec-
tonic stresses (or for magma ascent) in the AARS seg-
ments located ∼1000 km apart without a time lag.

Figure 9 shows the total moment for the fault zone
(see Fig. 6) along which trends of activity migration
have been identified (see Figs. 5a, 7). One feature of
total moment behavior is a 12-year “silent” interval
until the 2012 peak, which has no analogue in the
AARS (see Figs. 9a, 9b). The 2016–2020 maximum
has an analogue in the AARS maxima and in the shelf
as can be seen from the data of (ISC …, 2023) (see Fig. 9d).
This may also be an indication of a common trigger for
all areas during the studied time period. Supposing
that the plot of total moment for the fault zone was due
to a delayed triggering from the AARS segments, then
it would be reasonable to compare it with peaks pre-
ceded by long enough silent periods. Assuming that
the peaks are those of 1963 and 1966 occurring at the
Gakkel and Knipovich ridges, respectively, we get the
rates ∼20.8 and ∼22.0 km/year, which are in good
agreement with the rate of migration in the fault zone
determinable from data at many sites (see Figs. 5a, 7).
If we compare the plot of Fig. 9c with those of 1991
and 1998, we get the rates ∼50 and ∼77 km/year, which
are reasonable values as well. Garagash and Lobkovsky
(2021) and Lobkovsky et al. (2023) determined the
JOURNAL OF VOLCAN
rate at which tectonic deformation waves travel,
namely, ∼100 km/year for the Arctic and Antarctica.
The waves were generated by great events at subduc-
tion zones. No such waves occur along the framing of
the Barents Sea, but in consideration of a planetary
character of these events and the associated deforma-
tion waves, one may well hypothesize that they also
exerted some impact on the AARS as well, and on the
shelf area.

Our calculations of the moments shown in Fig. 9b
did not incorporate the intraplate seismicity south of
the Spitsbergen Archipelago, as being irrelevant to the
AARS rift structure. The data for this region were
obtained from the catalog in (ISC ...., 2023), with the cal-
culated values for individual years being shown in Fig. 9d.
Unfortunately, this catalog does not contain large
events for the area of the northwest striking fault for
which we have used the (NORSAR …, 2022) catalog.
Applying the above approach to the 2012 peak in Fig. 9c
for comparison with the 1976 and 2003 maxima in the
ISC catalog with silent periods before them (see Fig. 9d),
we get rates of hypothetical displacement as ∼17 and
∼67 km/year, respectively, which provide a range sim-
ilar to the values based on the AARS maxima (see
Figs. 9a, 9b).

Supposing that the propagation of a deformation
wave from the AARS that triggers local seismicity on
OLOGY AND SEISMOLOGY  Vol. 18  No. 1  2024
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Fig. 8. A map showing the geodynamics of the study area with elements that are required for interpretation of tectonics within the
Barents Sea shelf. The dimensions of the vectors representing the action on the plate are conventional.
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the fault and, traversing the intraplate area where large
events occur, influences that area as well, then we infer
that the rates of propagation from the AARS to the
zone located to the south of the Spitsbergen Archipel-
ago must also be comparable with those which we have
determined by comparison with the fault zone. The
1976 and 2003 peaks do not fit the general pattern of
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synchronous energy release along the AARS, even
though the areas are close to one another geographi-
cally. From this we might infer a possible influence of
the AARS on the seismic process in the western part of
the shelf. We estimated the rates for these peaks based
on displacements of similar peaks along the AARS as
∼44 and ∼36 km/year, respectively (see Fig. 9d).
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Fig. 9. The temporal structure of total seismic moment for ridges Gakkel (a) and Knipovich (b) based on data of (USGS …, 2022),
along the area of analysis (see Fig. 6) in a band near the fault with linear clustering of epicenters (c) based on data of (NORSAR …, 2022),
and in the shelf area south of the Spitsbergen Archipelago (d) based on data of (ISC …, 2023). Dark blue lines show plots of total
seismic moment over individual years. Red lines are plots as smoothed in a moving window of 3 years. The distances from the
ridges and intraplate seismicity are measured to the middle of the fault zone perpendicularly to the spreading axes. The numerals
at the inclined lines give estimated rates of movement for moment extremums in space. Grey shaded areas show some zones of
synchronous extremums with different amplitudes.

2000 2010 20201990198016701960
0
1950

J�
10

E
17

J�
10

E
17

J�
10

E
17

J�
10

E
17

100

150

200

50

250

2000 2010 20201990198019701960
0
1950

100

150

200

50

250 202020102000
0

0.04

0.08

0.12

0.16

2000 2010 2020199019801970
0
1960

4

8

12

Gakkel Ridge

(~600 km to fault zone)

(~1000 km to fault zone)

(~1000 km to fault zone)

USGS catalog

USGS catalog

~6
7 

km
/y

r~36 km
/yr

~22.0 km/yr
~50 km/yr

~77 km
/yr

~20.8 km/yr

~17
 km

/y
r

~44 km
/yr

(NORSAR catalog)

Knipovich Ridge

Shelf south of Spitsbergen Archipelago

ISC catalog

(a)

(b)

(d)

(c)



NEOTECTONICS OF THE BARENTS SEA SHELF EASTERN PART 75
A likely explanation of these values might consist in
the fact that the deformation wave travels over the oce-
anic part of the total path at rates that are twice as high
as those for the shelf part.

We think that, considering the case of the Barents
Sea, we should prefer the solution giving rates close to
the values 10–22 km/year, since the latter are
approved for short fault segments with continuous
tracing from year to year on a 10-km spatial grid, as,
e.g., in Fig. 5a or Fig. 7. Comparison between peaks at
structures that are far from each other may be wrong,
because no continuous tracing occurs between them.
In seismic prospecting, satisfactory correlation
between reflectors is achieved for the case in which the
Fresnel zone coverage is at least 50%. In a similar
manner, when dealing with seismically active struc-
tures, the possible progress of a deformation wave can
be reliably determined using a sequence of objects that
are more closely packed, because one can make mis-
takes in comparisons of moment maxima at a distance
of 1000 km. We believe that in the case where there is
direct push of a ridge structure on the sides of a strike
slip fault or a trigger initiation by a large event, the
seismic moment peaks in the AARS and in the shelf
must be synchronous without time shifts. Such a coin-
cidence is only observed for the period from 2016 to
2020.

CONCLUSIONS

1. Weak seismic events as recorded by the NOR-
SAR regional network within the Russian part of the
Barents Sea shelf for the period from 2001 to 2020
align to form linear clusters along strike slip faults that
have been reliably identified by structural 2D seismic
prospecting. The faults are oriented at an angle of ∼45°
with respect to the geodynamically active segments of
the Atlantic–Arctic Rift System, namely, the Knipov-
ich and Gakkel ridges that make a framing of the shelf
to the west and north.

2. The fault network that has been determined by
structural seismic prospecting and high frequency
profiling displaces Mesozoic seismic sequences and
emerges at the bottom surface, displacing Quaternary
deposits, and clearly indicating a present-day age for
the dislocations to which the linear clusters of weak
seismicity are confined.

3. Calculation of the total seismic moment in the
space–time dimension showed the presence of an
east–west seismicity migration eastward along short
fault segments in the shelf at a rate of 10.5 km/year,
with a concurrent north–south migration southward
at a rate of 12.0 km/year. The migration of seismic
activity along the fault zone to which the best-pro-
nounced linear cluster of weak events is confined
occurs at a rate of 22.8 to 25.7 km/year. One notes a
burst of general activity in the shelf area beginning in
2012.
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4. Comparison of the time-dependent evolution of
seismic activity in the shelf with similar plots for frag-
ments of the AARS, and of the active zone within the
shelf, suggests that it was caused by tectonic deforma-
tion waves initiated along a geodynamically active
interplate boundary and traveling within the shelf at a
rate of 20–22 km/year. A less likely scenario consists
in the excitation due to the rift system that travels at
rates of between 50 and 77 km/year, because the areas
being compared are far from each other, while the rate
between 22.8 and 25.7 km/year within the shelf fault
zone is reliably identified from continuous displace-
ments of the moment values at short spatial segments.

5. The increase in seismicity intensity in the shelf
after 2012 does not seem to have been emission due to
the excitation of a slow deformation wave traversing a
structural inhomogeneity identified by seismic pros-
pecting. This maximum of the moment in the fault
zone in the shelf is synchronized with analogous max-
ima in the AARS rift structures and in the shelf south
of the Spitsbergen Archipelago, thus indicating a pos-
sible direct triggering excitation by AARS structures.
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