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Overview

One of the most interesting features of the Earth'’s
interior is its deformation state, which we may in
principle constrain using seismic anisotropy. Here we
are interested in the upper mantle under the Eastern
Alps, and the main goal is to study seismic anisotropy
at lithospheric/asthenospheric depths. This may help
to constrain past-present deformation and mantle
flow.

Anisotropy is defined as the dependence of seismic
velocity on the direction of wave propagation. In
anisotropic media a shear wave can be split into
two pulses with orthogonal polarization at different
speeds, called fast and slow polarization.

Shear wave splitting in anisotropic media

Good examples of shear-wave splitting are observed
In teleseismic SKS core phases. Because of the fluid
nature of the outer core, the initial polarization of SKS
Is known to be radial. Nevertheless we often observe
significant energy also on the transverse component.
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Method and Data

The most useful method for constraining upper man-
tle anisotropy is shear-wave splitting that uses the
splitting of teleseismic shear waves like SKS/SKKS
core phases [2].

To characterize the nature of anisotropic structures,
we measure two splitting parameters, the fast direc-
tion azimuth ¢ (angle between fast axis and radial di-
rection), and arrival delay time between the fast and
slow polarizations (5t) using the SplitLab package [3].
We used teleseismic events occurring between epi-
central distances of 20° to 130° from 12 broadband
stations of the Austrian seismological network (OE).
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Study region

The selected region in this study mainly comprises
the Eastern Alps. The Alpine belt is divided into E-
trending Eastern Alps and the arc of the Western Alps

[1].
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Surface structures and deep tectonics

While surface geology of the Alps is relatively well-known,
the interior structure is less clear, and there are only a
few geophysical studies and 3D tomographic models for the
area(4,5,1,6,7].

Tectonic history of the Alps is complex, and this complexity
Is probably reflected by subsurface structure. This includes
besides the two major plates, namely the European and the
Adriatic plate also some small microplates (i.e. Meliata plate
and Pannonian fragment).

Deformation associated with the long-term convergence
generally leads to alignment of minerals, and to seismic
anisotropy. Is there, despite the complex structure, a coher-
ent pattern of seismic anisotropy under the Alps? As a new
constraint, seismic anisotropy may perhaps allow shedding
light on the geodynamical hypotheses proposed for the Alps,
and which have been so far difficult to distinguish based on
seismic tomography alone.

Results of fast direction measurements in this study including the distribution of fast axis directions from the former stud-
ies [8, 9, among others]; The fast directions are consistent with former studies in the Western and Central Alps but they show a

different pattern in the Eastern Alps.
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Preliminary Interpretation

There is a clear pattern of seismic anisotropy under
the Alps, with a remarkable rotation of fast orienta-
tions along the Alpine chain.

The figure shows that the rotation rate is particularly
prominent in all of the Western Alps as well as the
Tauern Window region, and that there are two re-
gions in the Central and Eastern Alps where fast axes
orientations are constant.
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Questions and Future work

1 What is the major anisotropic structure in up-
per mantle beneath the Eastern Alps? Which
depth does correspond to the anisotropy?

What causes the different rotation rates in the
Alps, e.g., what is the role of the Tauern Win-
dow? Can the Adriatic indenter explain the ro-
tation across the Tauern Window?

How do fast orientation azimuths relate to up-
per mantle flow in the Eastern Alps?

Does that constrain (or distinguish) the two
suggested subduction mechanisms in the Alps?

Next steps: to measure the SKS splitting parame-
ters for the stations belonging to the following seis-
mic networks; Slovenia (SL), Italian seismic networks
(1V), (NI), and (Sl); assessing the presence of two
anisotropic layers with different nature and thick-
nesses, and/or the presence of dipping anisotropic
structures.




