

















Lithospheric structure of the western part of the East European Craton investigated by deep seismic profiles
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variability of the arrival times (exceeding 2 s), which reflects differentiation of the crustal and uppermost mantle structure;
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Fig. 5. Crustal and uppermost mantle models along the EUROBRIDGE transect (EB’94, EB’95 and EB’96) and profiles EB’97, VIII, XXIV,
the POLONAISE’97 profiles P4 (northern part), PS5 and P3, CELEBRATION 2000 profiles CEL01 and CELO0S5 and Coast Profile

P-wave velocities are given in km/s; NSUSh — Northern Slope of Ukrainian shield; arrows — positions of shot points; the crossing points with other pro-
files are marked in blue; in all models the vertical exaggeration is 3:1; other explanations as on Figure 3

crust is disturbed in its marginal part, beneath the Lublin
Trough, where unusually high velocities of 7.1 km/s are ob-
served at a depth of 17 km. This anomaly seems to be a contin-
uation of a high velocity/high density body located farther to
SE, detected by previous seismic and gravity modelling
(Grabowska and Bojdys, 2001).

THICKNESS OF THE CRUST AND SEISMIC WAVE VELOCITIES
IN THE UPPERMOST MANTLE

The southwestern part of the EEC has a thick continental
crust, ranging mostly between 40 and 50 km. Moho depths of
ca. 55 km have been found in the Podolian Domain, while the

shallowest Moho is in the Volyn Domain, where its depth is
only ca. 30 km. Within some regions, such as for example, the
Volyn Domain, there are large, distinct Moho elevations of a
few or more kilometres, but most often such elevations coin-
cide with the boundaries between the different crustal domains,
e.g. the Podolian Domain, the West Lithuanian Domain, and
the East Lithuanian Belt. Mantle P-wave velocities immedi-
ately beneath the Moho are 8.2—8.35 km/s, which is higher than
the world average. Velocities of 8.0-8.15 km/s have been
found only in the marginal zones of the East European Craton
such as, for instance, in the Dobrzyn Domain. The average
Vp/Vs ratio for the uppermost mantle, determined from Pr and
Sn waves, is 1.75; Fennoscandia has a lower extreme of about
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Fig. 6. Two-dimensional seismic models along the EUROBRIDGE’97 profile developed by forward ray tracing

A — example of seismic record section for SP06 with P- and S-waves; SmS and Sn — Moho phases for S-waves (for shot point loca-
tion see Fig. 1); B— S-wave velocity model with thick lines marking those parts of the discontinuities that have been constrained by
reflected and/or refracted S-waves; C — Vp/Vs ratio distribution with thick lines marking those parts of the discontinuities that have
been constrained by reflected and/or refracted P- or S-waves; in both models the vertical exaggeration is 3:1; other explanations as
on Figure 5

MANTLE REFLECTORS
1.72 and Sarmatia a higher extreme of ca. 1.80. High Vs and
Vp velocities in the upper mantle down to 200400 km depth The uppermost mantle features numerous sub-horizontal
were found earlier also in other regions of the EEC (see e.g.  reflectors beneath both the Baltic Shield and the East European

Zielhuis and Nolet, 1994; Swieczak et al., 2004). Platform (e.g. Grad, 1992; BABEL Working Group, 1993;
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Table 2

Seismic characteristic of the rapakivi and anorthosites plutons

Pluton Mazury Korosten NovKoOr;silrlg(;ro d
(Km) (KP) (KNP)
depth to the top [km] 2-3 0-1 0-1
depth to the bottom [km] 5-8 >10 11-12
Vp velocity [km/s] 6.4-6.7 6.35-6.7 6.1-6.7
Vp/Vs 1.75 1.77-1.79 1.73

EUROBRIDGE Working Group, 1999; Sroda er al., 1999;
Czuba et al., 2001; Lund et al., 2001; Grad et al., 2002b;
Yliniemi et al., 2004). These reflectors often occur ca. 10 to
15 km below the Moho. A major, southwards dipping reflector
has been interpreted in the uppermost mantle beneath the
EUROBRIDGE’97 profile, extending from the Moho down to
depths of ca. 75 km (Thybo et al., 2003). That reflector dips
SSW and coincides with a sub-horizontal reflector on the
EUROBRIDGE’96 profile, close to its crossing point with the
EUROBRIDGE’97 profile in Sarmatia.

The Moho depth determined with high confidence from the
EB’97 profile does not coincide with the poorly determined
Moho depth along the EB’96 profile at their crossing point,
which is located at the SE end of the EB’96 profile. Because of
that, it will be necessary to remodel this part of the EB’96 pro-
file in the future.

DISCUSSION

Features of the structures of the southwestern part of EEC
related to the tectonic units of Fennoscandia and Sarmatia,
based on both P- and S-wave velocities, show many similari-
ties. The crustal thickness in the entire area investigated is large
(between 40 and 50 km, maximum about 55 km) and relatively
uniform. Beneath the thin sedimentary cover the crystalline
crust has velocities of 6.1-7.2 km/s, mostly low velocity gradi-
ents and small velocity contrasts at the seismic boundaries. The
crystalline crust can be generally divided into three parts, with
P-wave velocities of 6.1-6.4, 6.5-6.8 and 6.9—7.2 km/s for the
upper, middle and lower crust, respectively; the ratios of Vp/Vs
are 1.69, 1.70 and 1.76, respectively. The models of the south-
western part of the EEC show similarities with the models of
Scandinavia and other Precambrian cratons. In the area investi-
gated, anomalously high velocity features in the upper, middle
and lower crust were found, which can be related to processes
that took place in the past during, for example, accretion and
craton growth. Besides the typical crustal velocity distributions
described above, there are extensive areas characterized by rel-
atively low P-wave velocities (6.75-6.9 km/s) in the lower
crust. It would be interesting to speculate on the relationships
between these velocities and other physical properties, heat
flow and tectonic history.

Plutons in the upper crust are characterized by high P-wave
seismic velocities and high Vp/Vs values. Such high values of
Vp/Vs were also measured in samples of biotite-bearing gneiss-

es and amphiboles from similar depths in the deep borehole on
the Kola Peninsula in the NE part of the East European Craton
(Kern et al., 2001). High Vp/Vs values usually indicate a low
quartz content of the rocks or the presence of pore fluids at high
pressure. These values suggest a basic composition of the
rocks. The highest Vp/Vs ratio is compatible with a mafic,
gabbroic rock with a high content of plagioclase, pyroxene or
amphibole (Christensen, 1996), consistent with the presence of
a magmatic body composed of anorthosite and gabbro-norite
with remnants of granite-gneiss. This may be explained by the
presence of a plutonic body that was formed by mantle-derived
melts with additional melts originating from a gabbroic lower
crust (Dovbush et al., 2000).

An interesting feature of the Central Belarus Belt (CB) mid-
dle crust is a high velocity domain of 6.6—6.7 km/s. We inter-
pret the high velocities below the CB as an indication of the tec-
tonic emplacement of high pressure metamorphic rocks. Corre-
lation of the seismic structure with near-surface geology tenta-
tively suggests that the contact zones between the East Lithua-
nian Domain (EL), the Belarus—Podlasie Granulite Domain
(BPG), the CB and the OMIB all dip slightly to the north-west,
wich could be related to successive docking of these terranes
during craton growth. We consider that this characteristic of the
CB is most likely due to uplift of this terrane during the
collision of Fennoscandia and Sarmatia.

SUMMARY OF LITHOSPHERIC STRUCTURE

The analysis of crustal and uppermost mantle seismic mod-
els along profiles in the southwestern part of the EEC show
some characteristic features.

The crustal thickness over the entire investigated area of the
southwestern part of the EEC is relatively uniform, being be-
tween 40 and 50 km (maximum about 55 km).

The crystalline crust in the southwestern part of the EEC
has mostly low velocity gradients and small velocity contrasts
at the seismic boundaries. The crystalline crust can be gener-
ally divided into three parts: with P-wave velocities of
6.1-6.4, 6.5-6.8 and 6.9-7.2 km/s for the upper, middle and
lower crust, respectively and with Vp/Vs ratios of 1.69, 1.70
and 1.76, respectively.

The Fennoscandian part of the craton has a characteristic,
distinctly three-layered crust. In contrast, in the Sarmatian
part the investigated transition between the middle and lower
crust is smooth, practically transparent, with a transition zone
of high velocity gradient. The high velocity gradient in the
middle/lower crust may indicate a gradual change from felsic
to mafic composition. For both parts of the EEC, generally
high P-wave velocities (>7.0 km/s) were observed in the
lower crust, however in some areas velocity is relatively low,
6.75-6.9 km/s.

An interesting feature of the Central Belarus Belt (CB) mid-
dle crust is a high velocity domain of 6.6—6.7 km/s. We consider
that this characteristic of the CB is most likely due to uplift of this
terrane during the collision of Fennoscandia and Sarmatia. Other
unusually high velocities (Vp = 7.1 km/s) in the middle crust are
observed beneath the Lublin Trough at a depth of 17 km.
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Rapakivi-granitic and anorthositic plutons in the upper
crust are characterized by high P-wave seismic velocities and
high Vp/Vs values.

The areas nearest to the contact zone between Fennoscandia
and Sarmatia, from the Central Belarus Belt (CB) to the Volyn
Domain (VB), are characterized by high reflectivity zones, espe-
cially for the middle and lower crust and the upper mantle. The
high velocity lower crust (HVLC) of the VB seems to be a transi-
tion zone between the lower crust and the upper mantle.

Along most of the profiles relatively high seismic velocities
of the sub-Moho mantle (~8.2-8.3 km/s) were observed.

Uppermost mantle reflectors often occur ca. 10 to 15 km
below the Moho. Similar sub-horizontal lithospheric reflectors
were observed also in the TESZ (Grad et al., 2002b). A steeply
southwesterly dipping mantle reflector present below the
OMIB and VB correlates with a subhorizontal reflector in the
NW-SE-striking EUROBRIDGE’96 profile.
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