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Abstract

This study describes the Lithosphere-asthenosphere system in the region of Balkan Peninsula is obtained by non-linear
inversion of the results from the tomography of surface-waves dispersion data. The three-dimensional model is constructed as a
set of 133 cellular models, sized 1°x1°. The preferred cellular solutions, obtained by local smoothing optimization, are refined
taking into account information from other independent geophysical studies. Several features are evidenced by the study: the
lithospheric roots in southern Carpathians and Rhodope, high-velocity rigid lithosphere in the outer part of Eastern Carpathians,
low-velocity zones under Pannonian basin with extension to the Serbian-Macedonian rift area, low-angle subduction under the
Pindus (Greece) with high-velocity slab, low-velocity uppermost mantle under Aegean Sea, accompanied by significant
seismicity.
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Pe3iome

ToBa wm3cienBane omucBa JHUTOCHEPHO-aCTEHOCHEpHATA CHCTEMa B pailoHa Ha bajakaHCKHS MONyOoCTpOB, TOJy4YeHa 4pes3
HEJWHEWHAa WHBEPCUS Ha pe3yiATaTHUTe OT Tomorpadusara Ha JUCTIEPCHOHHHWTE J@aHHU 3a TOBBPXHOCTHHUTE BBIIHH.
TpunsMepHUAT MOJeN Ha paliOHa € KOHCTpyHpaH Kato Habop oT 133 kiersunu Monena ¢ pasmepu | © x 1 °. IlpenqnounTtannre
KJIETHYHU CTPYKTYpH, H30paHU Ype3 JIOKaTHA M3TJIaX/aaa ONTUMHU3AIus, ca ONTUMHU3UPAHN U3IOJI3BAKA WH(GOPMANUATA OT
JIpYyrd  HE3aBUCMMU TeO(QU3WYHM W3CJIEABaHusA. VI3CleBaHETO TMOKa3Ba HSAMOJKO CTPYKTYPHH XapaKTCPUCTHKH:
muTocepudHuTe KopeHu B roxaUTe Kapmatu u Pomonwmre, TBBpaaTa nutocdepa ¢ BHCOKAa CKOPOCT BHB BBHIIIHATA YacT Ha
Uzrounure KapnaTu, 30Hu ¢ HECKa cKopocT mox [TanoHckust 6acelH ¢ mpexo KbM CpbOcko-MakeTOHCKUSI paiioH, MaIBK BI'bJl
Ha cyOomykiust oj paiiona Ha [Tunmy (I"'bpIms) ¢ BHCOKOCKOPOCTEH CIad, Hali-ropHaTa MaHTHsI C HUCKa CKOpOCT moj Ereiicko
MOpe€, HO MPUAPY>KEHA ChC 3HAYUTEIHA CEU3MUYHOCT.

Introduction

Estimations of Earth’s structure have been performed using various methods and data sets: body wave, surface
waves, noise correlation. The main problem remains the inversion methods since it is a strongly non-linear problem
and consequently leads to no solution, solutions in local minima, multiple solutions, etc. To have a realistic three-
dimensional model of the Earth's structure some additional information is necessary in order to constrain the
solutions obtained by inversion.

This study describes the lithosphere-asthenosphere system in the region of Balkan Peninsula as obtained by non-
linear inversion of surface-waves tomography data (absolute tomography). The three-dimensional model is
constructed as a juxtaposition of representative cellular models, sized 1°x1°. The preferred cellular solutions,
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obtained in Raykova and Panza (2015) by local smoothing optimization, are refined taking into account information
from other independent geophysical studies.
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Figure 1. Shear-wave velocity section along longitude 26.5°E. The velocity range is given for each layer. The uncertainties
of layer thickness are given by filled rectangles. Location of the cells is given in the right graph.
Methods

The data set consists of Rayleigh wave dispersion curves (group velocities and phase velocities) with period ranges
from about 5-10 s to 150 s. The two-dimensional tomography (Yanovskaya, 1991) was used to determine the local
values of the group and/or phase velocities in a grid sized 1°x1°. Local dispersion curves were assembled for each
cell. The non-linear “hedgehog” inversion (Panza, 1981) of cellular dispersion curves has been applied to obtain the
shear-wave velocity models for every cell in the Balkan Peninsula region. The applied inversion method is a trial-
and-error optimized Monte Carlo search and a set of models is obtained as the solution for each cell. The number of
solutions, with the used parameterization, in general does not exceeded 15 models per cell. An optimized smoothing
method (Boyadzhiev et al., 2008), which follows the Occam’s razor principle, is used to define, with a formalized
criterion, the representative model for each cell. This method decreases the effect of the introduction of artificial
vertical discontinuities in VS models between neighboring cells and keeps the 3D structure as homogeneous as
possible, minimizing the lateral velocity gradient and the dependence of the final model from the predefined grid.
Since the non-linear inversion and its smoothing optimization guarantee only the mathematical validity of the
solution of the inverse problem, we analyzed and tuned the results from optimization (Raykova and Panza, 2015) to
additional independent geophysical constrains, such as Moho boundary depth, seismicity, heat flow, etc.

Results

In the Balkan Peninsula region 133 cells have been processed. The representative solutions, selected by
optimization, are analyzed, constructing longitudinal and latitudinal sections with the aim to tune the mathematical
model to known independent information like (a) depth of Moho boundary from Grad et al. (2009) and Tesauro et
al. (2010), (b) depth distribution of seismicity (ISC, 2006), used to resolve some ambiguities in layer’s definition
and (c) heat flow maps (Cloetingh et al., 2010), used to guide the definition of lithosphere and/or asthenosphere
layers.
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Figure 2. Shear-wave velocity section along longitude 38.5°N. See Fig. 1 for used symbols.

Two shear-wave velocity sections are shown in Fig. 1 (for longitude 26.5°E) and Fig. 2 (for latitude 38.5°N). The
shear-wave in the layers is color-coded. The Moho discontinuity is marked by a red line, while the bottom of the
lithosphere is evidenced by a green line. The middle of the asthenosphere (low velocity channel) is presented as a
yellow line and the bottom of the asthenosphere is outlined by a purple line. Dashed lines are used to denote some
alternative possibilities for the boundaries. In both figures is visible hot uppermost mantle under the Aegean Sea and
the western coast of Turkey. In almost all cells that underlie the Aegean Sea the observed seismicity is extends also
in the hot mantle layers down to depths of about 50-60 km and may indicate the presence of rigid layers with
magma intrusion associated with the ongoing process of thinning of the crust (Tirel et al., 2004). In Fig. 1 is visible
the area of the Vrancea seismic zone - cell e6. The velocity model of this cell is in accordance with registered
seismicity. Hypocenters of the earthquakes are not deeper than about 170 km and the low velocity asthenosphere is
located below the rigid, high velocity body. In Fig. 2 is notable the high velocity layer dipping from west (cell C7)
to east (cell C14). A high velocity body (Vs ~4.8 km/s) down of depths of about 10 km is detected under cells C15,
C16 and C17, in central Aegeas Sea and west coast of Turkey.

The thickness of the lithosphere is shown in Fig. 3. Well notable are rifting properties in the Aegean Sea, Serbian-
Macedonian rift and south margins of Pannonian basin (cells, marked by vertical segments). Several cells have
complex feature: hot uppermost mantle layer, followed by high velocity rigid layer that overlies low-velocity
asthenosphere layer (cells, marked by vertical and horizontal segments). The thickness of the lithosphere is not
easily identifiable in several cells where the velocity in the mantle is almost constant (about 4.4 km/s) down to depth
of about 300 km (cells, marked by horizontal segments). In some cases this feature can be interpreted as lithospheric
roots of the mountains as south Carpathians and Rhodope. The deepest lithosphere is detected under Greece - more
than 220 km deep.

Conclusions

The obtained structural model for the lithosphere-asthenosphere system of the Balkan Peninsula region is based on

the Vs-depth distribution. A multidisciplinary approach is used to constrain the obtained mathematical model using

additional geological, geophysical and petrological information. The reconstructed picture of the lithosphere-

asthenosphere system evidences the following features: the lithospheric roots in southern Carpathians and Rhodope,
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high-velocity rigid lithosphere in the outer part of Eastern Carpathians, low-velocity zones under Pannonian basin
with extension to the Serbian-Macedonian rift area, low-angle subduction under the Pindus (Greece) with high-
velocity slab, low-velocity uppermost mantle under Aegean Sea, accompanied by significant seismicity.
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Fig. 3. Thickness of the lithosphere in the Balkan Peninsula region.
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