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Abstract—The deep structure of the crust and the upper mantle of the Kola Peninsula and adjacent territories
is studied using representative data on the dispersion of group velocities of surface waves in the period range
of 10–250 s. The distributions of group velocities of Rayleigh and Love waves with their estimated horizontal
resolution are calculated by surface wave tomography. The velocity sections of SV- and SH-waves to a depth
of 500 km are calculated from the maps for the western and eastern parts of the Kola Peninsula. The results
of this study are characterized by higher horizontal resolution relative to the current surface wave models and
allow tracing the main peculiarities of the structure of the crust and the upper mantle of the study territory.
Our results indicate possible differences in the structure of the crust and the value of radial anisotropy of the
upper mantle for the western and eastern parts of the Kola Peninsula.
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At present, the deep structure of the Kola Penin-
sula has been studied on the basis of data on body ([1])
and surface [2–5] waves in relatively large-scale detail
in contrast to the western part of the Baltic Shield [6].
Thus, the main task of this work is study of the deep
structure of the crust and the upper mantle of the
Kola Peninsula and adjacent territories (60°–80° N,
15°–54° E) from the dispersion of group velocities of
Rayleigh and Love waves.

The primary data included the records of surface
waves from remote earthquakes on broadband stations
of international seismic networks. The total amount of
stations was 144 and 128 for Rayleigh and Love waves,
respectively. In total, 45 earthquakes (Mw > 5.6, 2000–
2021) that occurred within the considered region were
processed. The range of distances from the epicenters
to the registering stations was 2000–10000 km. In
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most cases, this allowed us to distinguish the funda-
mental mode of surface waves at periods T of 10–250 s.

The dispersion curves of group velocities were cal-
culated along epicenter–station paths using fre-
quency–time analysis [7]. In total, 1194 and 743 dis-
persion curves of Rayleigh and Love waves, respec-
tively, were calculated. This sampling was
supplemented by data of previous studies of the Arctic
deep structure [2]. As a result, the total amount of seis-
mic paths was 2751 and 2014 for Rayleigh and Love
waves, respectively.

The calculation errors of dispersion curves were
estimated by their mean square deviations (MSDs)
calculated for curves along close paths [2]. As a result,
the minimum MSDs (0.02–0.03 km/s) are confined
to the range of periods of 20–200 s and 30–100 s for
the Rayleigh and Love waves, respectively, and are
slightly higher for other periods. At small periods, a
large scattering in the values of group velocities can be
caused by both the calculation errors and the high
degree of heterogeneity of the crust.

The distributions of the group velocities of surface
waves were calculated using 2-D tomography for the
case of a spherical surface [8]. Their horizontal resolu-
tion was estimated by calculation of the effective
radius of averaging [8]. The best resolution was
achieved for the Kola Peninsula and almost the entire
0
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Fig. 1. Effective averaging radius (R, km) for (a) Rayleigh and (b) Love waves. Each map shows the corresponding period (T, s). 
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basin of the Barents Sea (Fig. 1). The effective radius of
averaging for this territory is 350–450 km (T = 15–150 s)
and 400–500 km (T = 20–100 s) for Rayleigh and
Love waves, respectively. At shorter and longer peri-
ods, the resolution regularly decreases, which is
related to using a lower amount of seismic paths
(Figs. 2, 3). Our resolution is higher in comparison
with the current surface wave models for the entire
Arctic [2–5]. At periods of 20–40 s, our results are
characterized by a resolution similar to the BARMOD
model [9] and exceed it with increasing period due to
the use of a larger (almost two times) amount of seis-
mic tracks.

The analysis of the distributions of variations in the
group velocities of surface waves at individual periods
(Figs. 2, 3) allows the following conclusions on the
deep structure of the considered territory. Taking into
account the sensitivity of group velocities of Rayleigh
and Love waves to the velocity structure of the
medium, the maps at a period of 20 s should reflect the
variations in the thickness of sedimentary rocks [8].
The most striking correlations between the velocity
anomalies and the thickness of sediments are typical
DOKLADY EARTH SCIENCES  Vol. 504  Part 2  2022
for Rayleigh waves (T = 20 s, Fig. 2). The minimums
of the group velocities are observed in the eastern part
of the basin of the Barents Sea, where, according to
the EUNAseis model, the thickness of sediments
reaches 12–18 km [10]. The velocities of Rayleigh
waves are lower in its western part with the thickness of
sediments of 4–8 km. Most of the Baltic Shield is
characterized by high velocities of surface waves,
which is in agreement with the almost complete
absence of a sedimentary layer for this territory. In the
eastern part of the Kola Peninsula, the velocities of sur-
face waves decrease slightly, which can be related to the
presence of a thin (up to 2 km) sedimentary layer [10].

For Rayleigh waves at a period of 50 s, this distribu-
tion reflects the main features of variations in the
Moho depth, which decreases from 35–40 km
beneath the eastern part of the basin of the Barents Sea
to 30–35 km beneath the western part [10] accompa-
nied by the increase in group velocities (Fig. 2). For a
continent, the minimum of the velocities in the area of
27° E and 62° N corresponds to the area with a maxi-
mum (up to 56 km) thickness of the crust below the
Baltic Shield. The maps for the higher oscillation peri-
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Fig. 2. Variations in the group velocities of Rayleigh waves relative to the average values (δU/Uav, %). The average values of the
group velocities are 2.96, 3.78, 3.85, 3.77, 3.70, and 3.72 km/s for the periods of 20, 50, 100, 150, 200, and 250 s, respectively.
Here and in Fig. 3, each map shows the corresponding period (T, s) and the amount of paths used (N).
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ods (up to 150 s) reflect the distribution of horizontal
heterogeneities to a depth of ~250 km. In this range of
periods, the entire Baltic Shield is characterized by
maximum velocities of Rayleigh waves, which can be
caused by the presence of a thick high-speed litho-
sphere (the velocities slightly increase to the east). The
lower velocities of surface waves at these and longer
periods are observed below the Svalbard, which is in
agreement with the available data on the deep struc-
ture of the mantle below the archipelago [3, 5, 9]. For
periods of >150 s, where the variations in group veloc-
ities of surface waves do not exceed 3%, the character
of dispersion of surface waves is affected by the struc-
ture of the upper mantle at depths of >250 km. Thus,
the mantle in this depth range becomes less differenti-
ated by the velocities relative to the overlying layers.

For detailed study of the deep structure of the Kola
Peninsula on the basis of the obtained maps (Figs. 2, 3),
we determined the local dispersion curves in the west-
ern (68° N, 30° E) and eastern (67° N, 37° E) parts of
DO
the peninsula (Fig. 4a), and their inversion into veloc-
ity sections of SV- (from Rayleigh waves) and SH-
(from Love waves) waves was conducted to a depth of
500 km (Fig. 4b). The calculations were conducted
using joint gradients for the model of the medium with
two crustal layers with constant velocities of S-waves
and 11 mantle layers with linear variation of velocity
with depth on the halfspace similarly to [2, 5].

It was found that the thickness of the crust for the
western and eastern parts of the peninsula is 43 and
~36 km, respectively. The velocity sections of SV-waves
differ from each other to a depth of ~100 km and
become almost identical deeper (Fig. 4b), which is
also reflected in the similarity of the group velocities of
Rayleigh waves at periods of >50 s (Figs. 2, 4a). The
differences in the velocity sections of SH-waves for the
considered regions are observed to a depth of ~300 km
(Fig. 3b), which is also reflected in the differences in
the group velocities of Love waves (Figs. 2, 4a). The
difference between velocities of SV- and SH-waves,
KLADY EARTH SCIENCES  Vol. 504  Part 2  2022
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Fig. 3. Variations in the group velocities of Love waves relative to the average values (δU/Uav, %). The average values of the group
velocities are 3.22, 4.04, 4.34, 4.40, 4.44, and 4.49 km/s for the periods of 20, 50, 100, 150, 200, and 250 s, respectively. 
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Fig. 4. (a) Local dispersion curves of Rayleigh and Love waves (circles) with the errors of their determination and dispersion
curves corresponding to inverted velocity sections (solid lines). Black and gray mark curves for the western and eastern parts of
the Kola Peninsula, respectively. (b) Velocity sections of SV- (solid lines) and SH- (dotted lines) waves. 

2.9

3.1

3.3

3.5

3.7

3.9

4.1

4.3

4.5

0

100

4.7

(а) (b)

Love waves

Rayleigh waves

2.7
50 100 200

3.0 3.5 4.0 4.5 5.0

SV SH

5.5
Velocity of S-waves, km/s

250
Period, s Depth, km

Group velocity, km/s

200

300

400

5001500



384 FILIPPOVA, SOLOVEY
which characterizes the radial anisotropy of the man-
tle, is of greatest interest [8]. For example, the upper
mantle in the area of 68° N and 30° E is anisotropic in
the range of depths of 100–300 km in contrast to the
narrower range of 70–160 km for the area of 67° N and
37° E (Fig. 4b). Thus, our results indicate a possible
difference in the western and eastern parts of the Kola
Peninsula both in the structure of the crust (as was
previously indicated in [1]) and in the value of the
radial anisotropy in the upper mantle.
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