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Abstract⎯This part of the paper addresses the geotectonic interpretation of the velocity model obtained from
the results of seismic studies under the DOBRE-4 project in Ukraine. The velocity field does not show dis-
tinct lateral changes from the Precambrian platform towards the younger tectonic structures in the southwest.
Hence, based on the seismic data alone, it is not possible to recognize the tectonic units that are known on
the surface. The Moho has an undulating pattern over an interval with a length of ~150 km. The amplitude of
the undulations reaches 8 to 17 km. The similar wavelike behavior, although on a shorter spatial scale and
lower amplitude, is also typical of the upper crust and upper mantle. The presence of several separate horizons
in the folded crust revealed by the velocity model is consistent with the presence of the folded systems which
have different extensions on the different depth levels in the Earth’s crust. This situation is believed to be typ-
ical of folding on the lithospheric scale and to reflect the rheological stratification of the crust. The DOBRE-4
velocity section of the crust and adjacent part of the mantle promotes a clearer view of the geodynamical
model describing the formation of the southwestern part of East European Platform in the Early Precambrian
from the plate’s tectonic standpoint.

DOI: 10.1134/S1069351317020136

1. INTRODUCTION
This work is devoted to the geotectonic interpreta-

tion of the results of wide-angle seismic observations
under the DOBRE-4 project, which were considered
in the first part of this paper (this issue, (Starostenko
et al., 2017a)). The structure of the lithosphere of the
East European Platform (EEP), together with the adja-
cent Paleozoic platform and Meso-Cenozoic Carpath-
ian-Pannonian orogenic system in Central Europe, has
been systematically studied over decades by the
method of deep seismic sounding (DSS) (Sollogub,
1986; Litosfera …, 1988; Chekunov et al., 1992; Grad

et al., 2006b; Guterch et al., 2008; Bogdanova, 1996).
The aim of the present study was to obtain a picture of
the general structure of the Earth’s crust and upper
mantle in the southwestern part of the EEP, including
its transition to the Trans-European Suture Zone
(TESZ) (Fig. 1).

Previously (Starostenko et al., 2013), in the analysis
of the physico-geological nature of the velocity
boundaries obtained in the DOBRE-4 experiment,
the interpretation was based on the key hypotheses of
the biharmonic uncoupled folding (Cloetingh et al.,
1999) which relies on the linear folding model (Biot
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et al., 1961) for the constant wavelength regular undu-
lations and the empirical data (Sokoutis et al., 2005).
Using this model and the data (Burov et al., 1993;
Cloetingh et al., 2011), we described (Starostenko
et al., 2013) the Moho undulations with a wavelength
of 125–150 km together with the folds of the upper
crust having a significantly shorter spatial period,
which were revealed along the profile. The Moho
topography was accounted for by the hypothetical
folding of the cold lithosphere with a relatively strong
mantle. The known geodynamical scenario of the
Mesozoic evolution of the Black Sea region (Stampfli
and Borel, 2002; Golonka, 2004; Kalvoda and Babek,
2010; Seghedi, 2001; 2012; Hippolyte, 2002) consid-
ered by us was also used for substantiating the idea of
the significant crustal and mantle compression with
the SW–NE axis, presumably related to the Cimme-
rian folding in the Dobruja region, which could have

also promoted the formation of the lithospheric-scale
folds in the studied territory.

In the present work, we also use another approach
to analyzing the geological nature of the velocity sec-
tion along the DOBRE-4 profile. This approach is
more intimately related to the plate’s tectonic model
of the evolution of the lithosphere, particularly con-
cerning the Ukrainian Shield (USh) which, together
with the slope and a part of the South Ukrainian
Monocline (SUM), occupies more than half of the
profile. The approach suggested below relies on both
the data of the DOBRE-4 experiment and on the
results of the DSS on geotraverses IV and VIII (Sol-
logub, 1986a; 1986b), as well as on the other geological
and geophysical data of the Ukrainian experts for the
studied region (Il’chenko, 1987; Chekunov et al.,
1989).

Fig. 1. The tectonic scheme for the region of study on the DOBRE-4 profile. PdMb is the Podol’sk megablock; MCDMb is the
Middle Cis-Dnieper Megablockl; CD is Central Dobruja; GSZ is the Golovanevskaya suture zone, IKRSZ is the Ingulets–
Krivoi Rog suture zone. Fault zones: 1, Kagul–Izmail; 2, Odessa; 3, Gvozdavskaya; 4, Pervomaiskaya; 5, Zvenigorodsko–Brats-
kaya; 6, the Kherson–Smolensk transregional tectonic suture (KhSTRTS); 7, Kirovogradskaya; 8, Konkskaya; 9, West Ingulets;
10, Krivoi Rog–Kremenchug; 11, Tal’novskaya; 12, Pechenega–Kamena.
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2. GEOLOGICAL INTERPRETATION
OF THE MODEL

The most remarkable peculiarity of the velocity
section of the DOBRE-4 profile is the fact that this
model contains three strikingly consistent syncline
and anticline bends of the Moho with a wavelength of
about 125–150 km and amplitude ranging from 8 to
17 km (Fig. 4 in Starostenko et al., 2017a). Hence, the
crustal thickness strongly varies along the profile from
33–38 km in the interval between the shot points
(SPs) 15104 and 15111 to 44–49 km between SPs 15108
and 15109 and in the region of SP 15106. Besides
undulations in the Moho topography, a similar wave-
like behavior, although on a smaller scale, is also char-
acteristic of the velocity boundaries in the model of
the upper crust and upper mantle.

2.1. Sedimentary Cover
The seismic data obtained on the DOBRE-4 pro-

file allow us to somewhat refine, at places, the struc-
ture of the sedimentary cover and the pattern of the
main tectonic boundaries traced in the near-surface
horizons.

Judging by the behavior of the surface of the Riph-
ean–Lower Paleozoic basement beneath the Lower
Prut Horst of Northern Dobruja (LPHND) (Vp ≈

5.8 km/s), the boundary between the horst and the
Pre-Dobrujian Depression (PDD) (which is placed by
the geological data at the base of the Neogene-Quater-
nary cover in the area of SP 15100 + 30 km) manifests
itself on the basement by the f lexure-like bend with an
amplitude as small as 100–200 m. At the same time,
the basement itself at a depth of 5.5 km continues to
SP 15101 + 20 km, sharply deepening northeast from
SP 15101 at an angle of ~9°. In principle, this may tes-
tify to the different behavior of the sedimentary-volca-
nic Upper Paleozoic cover (Vp ≈ 2.7–3.82 km/s) and

Riphean–Lower Paleozoic basement at the boundary
of the Northern Dobruja and EEP: the first is thrust
over the PDD cover and the front of thrusting is noted
in the region of SP 15100 + 30 km, whereas the sharp
boundary between the basements of Dobruja and the
EEP (the transition from 5.8 to ≥6.0 km/s) lies at a
depth of 5 km along the marginal suture of the EEP in
the region of SP 15101 + 30 km.

The DOBRE-4 velocity section of the sedimentary
cover provides good data about the depth distribution
of geological complexes of different age, although it
does not always reflect, due to the intrinsic peculiari-
ties of the technique, their structural-facial distinc-
tions which play the key role in the tectonic zoning of
the cover.

For instance, the layers with Vp ≈ 4.70–2.60 km/s,

corresponding to the Paleozoic–Mesozoic (Ordovi-
cian–Jurassic) terrigenous-clay and carbonate PDD
formations, stretch throughout the entire SUM in the
velocity section and do not trace its boundary with the

PDD. However, the topography of the layers mono-
clinally subsiding southwest and their thickness are
fairly distinct: the thickness varies from a few hundred
meters in the northeast to 3000 m near the marginal
suture.

The Baikalian basement of the PDD (Vp ≈ 5.15 km/s),

composed of a granitized terrigenous formation with a
thickness of ~2000 m, according to the seismic data,
has a very complicated, keyboard structure with the
amplitude of the vertical displacement between the
neighboring blocks reaching 1 km. This distinguishes
it from the other sedimentary boundaries and suggests
the northeastern boundary of the depression is in the
region of SP 15104 + 10 km, i.e., along River Gurun-
chuk.

Farther northeast, this layer has a velocity of Vp ≈

5.10 km/s and corresponds to the Caledonian base-
ment of the Moldavian Plate (Tectonic …, 2007)–the
Vendian–Lower Devonian complex of the carbonate-
terrigenous and terrigenous-clay formations with a
thickness of up to 1 km.

The area of the Ingul megablock between SP 15109–
15111 with velocity Vp ≈ 5.45 km/s, which stretches

from the surface to a depth of ~1.5 km in the vicinity
of SP 15110 is fairly interesting. This is the region of
the outcropped granitoids of the Kirovograd and
Dnepropetrovsk complexes, as well as the Ingul-
Ingulets gneisses; therefore, the Vp velocities here

should not be lower than 5.8–6.0 km/s. However, the
Ingul megablock is part of the USh, which is most
fractured by the faults. The width of the Kirovograd,
West Ingulets, and other fault zones reaches 10–20 km.
Therefore, the segment of the Earth’s crust with
velocity Vp ≈ 5.45 km/s is most likely to be associated

with the decompaction of the crystalline rocks in the
fault zones.

2.2. Crystalline Crust, the Moho, and Upper Mantle

The subhorizontal crustal compression is revealed
in the Neo-Archaean and the first half of Early Pro-
terozoic (from ≥2.6 to 2.1 Ga) from the tectonophysi-
cal data (Gintov and Mychak, 2011b). The horizontal
reflectors at a depth from 10 to 30 km (Sollogub and
Il’chenko, 1986b) correspond to the detachment sur-
faces which emerged as a result of the differential dis-
placements of separate crustal horizons in the
Archaean and Proterozoic (see Discussion).

It cannot be asserted that during such a long time
period the crust only experienced compression.
During the time interval of 2.6–2.1 Ga, the sedimen-
tary basin of the Ingul-Ingulets rock series had been
formed, which testifies to the presence of the exten-
sion phase as well. However, the compression phases
are always better reconstructed from the tectonophys-
ical data than the extension phases because the com-
pression deformations are more manifest.
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In addition to the overall deepening of the Pre-
Jurassic and Precambrian EEP basement towards
Dobruja, the detailed crustal velocity section up to a
depth of 7 km along the DOBRE-4 profile also
reflects two other important features. Between the
shot points SP 15101 and SP 15102 there is an abrupt
V-shaped trough in the velocity horizons ranging from
2.30 to 5.80 km/s, which clearly marks the marginal
fault zone of the EEP and more accurately delineates
the boundary of the latter. The similar steep subsid-
ence of the velocity horizons ranging from 5.43 to
6.14 km/s is observed between SP 15108 + 30 km and
SP 15110. It maps onto the axial zone of the Kherson-
Smolensk Transregional tectonic suture (KhSTRTS).
Overall, the entire crustal block between the Zvenig-
orod-Bratsk and Kirovograd fault zones down to a
depth of 15 km is distinguished in the profile by rela-
tively low velocities (by 0.05 to 0.10 km/s lower than
the neighboring areas), which may testify to the dila-
tant decompaction of the crust in the fault zones.

The velocity section of the lower part of the crust
and adjacent mantle also gives new interesting results.

(1) On the DOBRE-4 profile, a distinct Moho
depression is identified between SP 15108 and SP 15109
(the crustal thickness reaches 45 km), which should be
related to KhSTRTS. This depression has a different
nature than the known Moho depressions between
SP 15105 and SP 15106 (the crustal thickness on the
profile is 47 km) and the depression observed north-
east of SP 15111. The last Moho depression (crustal
thickness up to 53 km) is established on geotraverses
VIII and V in the interval that had not been captured
by the DOBRE-4 profile. Both Moho depressions
were previously considered by V.B. Sollogub (Sol-
logub, 1986) as the “mountain roots” associated with
the Early Proterozoic Golovanevsksys and Ingulets-
Krivoi Rog “protogeosynclines.” Subsequently, they
were named the suture zones, which does not contra-
dict the plate tectonic mechanism of their formation.

Qualifying the Golovanevskaya suture zone (GSZ)
and Ingulets-Krivoi Rog suture zone (IKRSZ) as the
protogeosynclines or suture zones was explained by
the extensive presence of the classical geosynclinal
formations in them: the association of the deep-water
siliceous-clayey, ferruginous-siliceous, and carbonate
sediments with the basic and ultrabasic lava products.
Both zones have been finally formed under the trans-
pression conditions which determined the specific
features of their structure noted before.

For the KhSTRTS zone, these rock associations
are untypical; besides, this zone was formed in the
conditions of transtension. Therefore, the Moho
depression in this region is likely to have a different
origin. The ubiquitous presence of magmatogene and
anatectic granites in the KhSTRTS zone testifies to
the strong differentiation and stratification of the
upper lithosphere, more contrasting separation of the
crust and mantle without the formation of the crustal-

mantle mixture. In the DOBRE-4, it can be seen that
between SP 15108 and SP 15109, the Moho clearly sep-
arates the crustal layer with the velocity of 6.70 km/s
from the mantle where the velocity is 8.40 km/s.

The mantle area with a velocity of 8.35–8.40 km/s,
which is the crustal base in the KhSTRTS zone, far-
ther southwest deepens by almost 20 km to a depth of
63 km. The reflecting boundary which limits it from
above subdivides the lithospheric mantle into two lay-
ers: the upper layer with mean velocity 8.20 km/s and
the lower layer with mean velocity 8.39 km/s. This
sharp splitting of the mantle is associated with the geo-
dynamical processes (see Discussion). In respect of
this, we note that in the opinion of N.I. Pavlenkova
and G.A. Pavlenkova (N. Pavlenkova and G. Pavlen-
kova, 2014, p. 110), velocities of 8.4 km/s in the top
portions of the mantle are hard to explain because
among the mantle rocks no samples with such charac-
teristics have been found.

(2) A direct correlation of the GSZ and IKRSZ,
which were identified by the geological and geophysical
methods with the intervals of crustal thickening, despite
their imperfect (incomplete) coincidence in the plane
which will be discussed below, is undoubted. Firstly, they
have common fault zones: the Tal’novskaya and Vradie-
vskaya fault zones in the western part of the GSZ and
the Krivoi Rog–Kremenchug fault zone in the eastern
part of IKRSZ. Secondly, they share the strike of the
suture zones and Moho depressions. Moreover, even
the variations in the strikes are identical: for example,
the bend in the GSZ at a latitude of 48° is accompa-
nied by a similar bend in the Moho depression.
Thirdly, one should take into account that the GSZ
and IKRSZ were formed under the conditions of
transpression, which can be considered as a combina-
tion of the deformations of a simple and pure shear
with the subhorizontal position of the plane σ1σ3. In

these conditions, the lengthening of the crustal prisms
composing both suture zones should have occurred
both submeridionally and vertically.

The structural-tectonophysical studies within the
GSZ and IKRSZ (Gintov and Isai, 1988; Gintov
et al., 1990; 2011c; Starostenko et al., 2013a) also sug-
gest the presence of both the horizontal and vertical
components in the displacement of the rock masses.
The lateral displacement of the material along the
shear zones is reflected in the horizontal plane by the
elongation of micas, lenses of quartz grains, feldspar
recrystallized into the lenses of quartz grains, cordierite,
etc. Vertical displacement manifests itself by the elonga-
tion of micas, quartz tables, and feldspar along the dip.
Several stages (Pervomaiskii, Krivorozhskii) and phases
of the deformation (Tal’novskaya, etc.) are identified as
normal faults with a strike-slip component.

These data suggest that the formation of the Moho
depressions beneath the GSZ and IKRSZ is associ-
ated with the crustal thickening beneath them due to
the downward displacement of the crustal material.
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(3) Both Moho depressions are shifted relative to
the suture zones traced on the surface: beneath the
GSZ, by ~40 km in the west azimuths, and beneath
the IKRSZ by ~40 km in the east azimuths. In (Gintov
and Mychak, 2011b) it was shown that at the end of the
Early Proterozoic the upper part of the Ingul mega-
block has diverged by at least 70 km. Hence, if we
combine these two processes, we obtain that during
the interval 2.1–1.75 Ga ago, both suture zones
diverged near the surface (in this case, the erosional
downcut can be disregarded) by 70 km; at the Moho
depth, the divergence was 150 km.

This difference in the amount of the extension of
the upper part of the lithosphere of the Ingul mega-
block at two levels which differ in depth by as little as
40–50 km indicates the different rheology of the upper
and lower crust in the Precambrian. This question is
discussed below.

3. DISCUSSION

The considered mechanism of formation of the
GSZ and IKRSZ is consistent with the idea of the
kinematics of the crustal-penetrating transpressive
shear zones described in (Chardon et al., 2009). The
authors of the cited paper, based on the data about the
increased temperatures (900–1100°C and higher) on
the Moho in the Precambrian ultrahot accretionary
orogens (UHOs) and the overall weakening of the lith-
osphere and lower crust, arrive at the conclusion that
the development of the subvertical linear-schistous
texture of the rocks is associated, under compression,
with the motion of the material along the shear zone—
the f low combining the lateral advection and the pre-
dominant downward component.

In this work it is also noted that due to the
extremely thin lithosphere and high Moho tempera-
ture, within the UHO crust, there are two layers: the
upper, stiff layer and the thicker f lowable lower layer,
which are mediated by the transitional layer. The sub-
Moho lithospheric mantle has even lower viscosity
approaching that of the asthenosphere.

Due to this stratification, the upper crust responds
to the tectonic stresses as a rigid (almost rigid) body,
whereas the lower crust responds as a viscoplastic
body: in addition to the mentioned two-dimensional
deformation in the relatively narrow shear zones, a
subhorizontal f low of the rock material appears on the
separate intervals within these zones and between
them. This subhorizontal f low is fixed by the subhori-
zontal seismic boundaries and sites. The transitional
layer is most likely to manifest itself by the reflecting
boundary at a depth of 13–22 km, which separates the
crustal layer with the velocity of 6.35 km/s from the
layer with the velocity 6.53 km/s and is tracked along
the entire DOBRE-4 profile.

Clearly, the horizontal lengthening of the litho-
sphere in the lower crust and mantle is larger than the

width of the gap in the upper crust, which is just respon-
sible for the shift of the Moho depressions relative to the
boundaries of the suture zones on the surface.

The rheological peculiarity of the lower crust con-
sists in the fact that it repeats the fault zones and other
deformational structures observed in the upper crust,
although the horizontal f low of the material should
naturally change their positions and orientation.

The question of qualifying (or not qualifying) the
Ingul megablock at the end of the Archaean and in the
Early Proterozoic as a UHO is the responsibility of
petrologists. However, the geophysical data show that
many features of a UHO are characteristic of the
megablock.

The following question is another equally import-
ant point. The compression of the lithosphere sup-
ported by the CDP data, which occurred in the
Archaean and Early Proterozoic as a result of the
oblique convergence of the Western and Eastern
microplates not only implies the transpressional
deformation of their active margins with the formation
of GSZ and IKRSZ but also the subduction–obduc-
tion of the oceanic or suboceanic lithosphere that sep-
arated these microplates.

Since clear geophysical evidence of the Precam-
brian subduction or obduction of the oceanic litho-
sphere, in its classical form, has not been observed, we
suggest considering the results of the 2D thermome-
chanical–petrologic modeling (Sizova et al., 2010).
This modeling has shown that during the period
between the Archaean and the end of Early Protero-
zoic, the plate tectonic processes in the tectonosphere
of the Earth could have developed by three scenarios:
nonsubduction, presubduction, and classical subduc-
tion, depending on the Moho temperature.

The first scenario (the Moho temperature is by
200°–250° higher than at present), the melt f lows ris-
ing from the sublithospheric mantle split the oceanic
plate into small fragments which move guided by the
intraplate stresses and do not subduct, although small
underthrusts beneath the continental lithosphere
(with an amplitude of up to 50 km) may occur.

In the second scenario (the Moho temperature is
by 175°–200° higher than at present), the plates are
weakened by the intense uplifting of the melts from the
sublithospheric mantle. Under the convergence,
instead of the independent unilateral subduction,
small-scale underthrusting of the oceanic plate
beneath the continental one with a horizontal offsets
up to 100 km takes place.

The classical variant of the Precambrian subduc-
tion, when the oceanic plate subducts into the asthe-
nosphere beneath the continental plate, is only
observed at a Moho temperature 0°–175° higher than
at present.

For the case considered in the present work, the
second scenario—presubduction or flat subduction,
when the oceanic plate does not sink into the mantle
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Fig. 2. The simplified scheme of the geodynamical evolution for the Central part of USh in the Neo-Archaean–Early Protero-
zoic: 1, oceanic basin; 2, the deposits of the Bug (west) and Krivoi Rog (west) series; 3, the folding in the rocks of the Bug and
Krivoi Rog series; 4, the folding in the rocks of the Ingul–Ingulets series; 5, granitized rocks of the Ingul–Ingulets series, granit-
oids of the Kirovograd, Novoukrainskii, and Korsun’–Novomirgorodskii complexes; 6, the axial lines of the fault zones (numbers
in the circles): 1, Odessa; 2, Tal’novskaya; 3, Pervomaiskaya; 4, West Ingulets; 5, Krivoi Rog–Kremenchug; 6, Zvenigorodsko–
Bratskaya; 7, Kirovograd; 7, the axial line of the Kherson–Smolensk transregional divergence zone; 8, the minimal width of the
zone; 9, the direction of uplifting of the Neo-Archaean plume; 10, the direction of divergence of the microplates; 11, the direction
of the convergence of the microplate; 12, UHO lengthening in the vertical direction; 13, upper crust; 14, lower crust; 15, mantle.
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but very gently thrusts under the continental plate—is
most suitable. Here, it should be noted that since the
lithospheric mantle has low viscosity, as was shown
above, the underthrusting takes place at many depth
levels.

One of them is perhaps captured by the described
reflecting boundary which originate beneath the
KhSTRTS zone and is tracked 250 km southwestwards
where it deepens to a depth of 63 km. The mentioned
transitional layer at the depths of 13–22 km is also
likely to reflect the response of the rheologically strat-
ified Precambrian crust to the f lat subduction and its
different extension at the different depth levels.

The described data are schematically illustrated in
Figs. 2a–2c.

Figure 2a shows the hypothetical Neo-Archaean
divergent stage of the Ingul megablock evolution, the
divergence of the Western and Eastern microplates,
and the beginning of sedimentation of the Bug (in the
west) and Krivoi Rog (in the east) series of volcanic-
sedimentary deposits in the passive margins of these
microplates. The crust in the figure is represented by
two rheologically different horizons, the upper rigid
and the lower plastic ones. The inflow of the astheno-
spheric plume from below was accompanied by the
squeezing of the oceanic lithosphere sideways, leading
to its intrusion between the lithosheets and to the
divergence of microplates (nonsubduction scenario).
This stage is not captured by the tectonophysical data
but is assumed by the presence of the Bug and Krivoi
Rog series with the lower age of 2.8 Ga (Geohro-
nologiya …, 2008). The figure also shows that under
the collision, the oceanic mantle that has previously
intruded into the marginal subcrustal space can form
the body of the crustal-mantle mixture (Fig. 2b).

The Archaean turning to the Proterozoic (2.6–2.5 Ga)
was marked by the commencement of the convergent
stage in the evolution of the lithosphere of the Ingul
megablock (not shown), which is recorded in the tec-
tonophysical data by the formation of the right-lateral
(under compression) Pervomaiskaya, West-Ingulets,
and a number of smaller scale fault zones, as well as by
the beginning of folding in the rocks of the Bug and
Krivoi Rog series. This stage was accompanied by the
flat subduction of the oceanic lithosphere beneath the
Western and Eastern microplates.

Figure 2b illustrates the collision stage of the West-
ern and Eastern microplates 2.3–2.4 Ga ago (the
divergence stage associated with the accumulation of the
Ingul-Ingulets series is omitted), when they were only
separated by the collisional suture with the width unfor-
tunately unknown. At this stage, the Tal’novskaya and
Krivoi Rog fault zones had been formed; and the
development of the GSZ and IKRSZ, which subse-
quently detached from the Western and Eastern
microplates, had been finalized. The Moho depres-
sion separated by the collisional suture was formed
beneath the suture zones. The vertical arrows pointing

downwards indicate the described descending motion
of the rock material under the side compression.

Figure 2c illustrates the recent structure of the lith-
osphere (without the Riphean and younger deposits)
beneath the DOBRE-4 profile. This structure has an
age of 2.1–1.75 Ga. The crustal divergence in the
interval between 2.1 and 1.75 Ga is recorded in the tec-
tonophysical data (Gintov and Mychak, 2011a). The
GSZ and IKRSZ had got separated by 200 km along
the profile, whereas the Moho depressions between
them diverged by 280 km. Here, the axial zone of the
divergence is not filled by the oceanic crust (the fact
that the initial stage of the formation of the oceanic
crust is still in progress is perhaps demonstrated by the
anomalous abundance (for the USh) of basic and
ultrabasic dike rocks in the Ingul megablock (Bogdan-
ova et al., 2013). Instead, the axial zone of the diver-
gence is filled by granite plutons formed by palingene-
sis and the remelting of the Proterozoic crust. The dif-
ference in the amount of divergence indicated here
and in Section 6.2 (the width of the suture zones
should also be taken into account) is likely to be asso-
ciated with the width of the collisional suture which is
unknown (Fig. 2b).

4. CONCLUSIONS

A large-scale wide-angle experiment on studying
the deep structure of the Earth’s crust and upper man-
tle has been conducted in the southeastern part of
Ukraine. The high quality of the obtained seismic data
made it possible to document the structures of the
LPHND, PDD, SUM, and the southern slope of USh
and its outcropped part.

The boundary between the PDD and SUM has
been recognized due to the complicated keyboard
structure of the PDD basement where the amplitude
of the vertical displacements of the neighboring blocks
reaches 1 km.

The velocity section demonstrates the overall sub-
sidence of the Pre-Jurassic and Precambrian EEP
basements towards Dobruja with two important pecu-
liarities: (1) a sharp V-shaped trough with P-wave
velocities ranging within 2.30 and 5.80 km/s between
SP 15101 and SP 15102, which corresponds to the
ancient fault zone of the EEP and allows us to refine
its boundary; and (2) a very similar sharp deepening
between SP 15108 + 30 km and SP 15110 with the seis-
mic velocities varying from 5.43 to 6.14 km/s, which
corresponds to the axial zone of the Kherson–Smo-
lensk interregional tectonic suture.

Two lithospheric-scale Moho depressions were
revealed based on the seismic data. The first depres-
sion is identified between SP 15108 and SP 15109. The
crustal thickness here reaches 45 km. The crustal
velocity Vp ≈ 6.7 km/s sharply changes in the Moho to

Vp ≈ 8.4 km/s in the mantle. These works were the first

to reveal this Moho depression associated with the
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Kherson–Smolensk suture zone. The depression has a
different character than that shown on Geotraverse
VIII and on the DOBRE-4 profile itself between SP
15105 and SP 15106, where the crustal thickness is 57
km and the mantle velocities are ~8.2 km/s.

The mantle depression between SP 15105 and
SP 15106 corresponds to the GSZ. A similar depres-
sion is revealed on geotraverses IV and VIII beneath
the IKRSZ. As a result of the extension of the litho-
sphere, both these Moho depressions are shifted rela-
tive to the corresponding suture zones as tracked on
the surface. The distance between the GSZ and
IKRSZ is 70 km on the ground surface and 150 km at
the Moho depth. This difference in the amount of the
extension of the upper part of the lithosphere at two
depth levels which differ by as little as 40–50 km sug-
gests the different rheology of the upper and lower
crust in the Precambrian. The transitional layer sepa-
rating the upper and lower parts of the crust having
different rheologies are fixed in the velocity section at
a depth of 13–22 km.

The DOBRE-4 velocity section of the crust and
adjacent part of the mantle promotes a clearer idea of
the geodynamical model describing the formation of
the southwestern part of the East European Platform
in the Early Precambrian from the standpoint of plate
tectonics.
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