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The present-day Alpine region began to form more
than 100 Ma ago with the subduction of a Tethyan
branch beneath the Adriatic plate, eventually arriving at

the collisional stage of the European continental litho-
sphere at about 40 Ma ago. Presently, Africa is moving
northward relative to Europe at a rate of about
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Fig. 1.

 

 Locations of stations and station-to-station paths.
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0.5 cm/yr, but most of the shortening is absorbed in the
Southern Tyrrhenian Sea. The eastern Alps overlap
with the Dinarides subduction, where the Adriatic plate
is rather subducting underneath Eurasia. For a better
understanding of the geodynamic processes in the
Alpine–Dinaric region, a reliable knowledge of the
lithosphere–asthenosphere system structure is needed.
However, existing information on the upper mantle
structure obtained from body and surface wave tomog-
raphy data [1–4] is fragmentary and sometimes contra-
dictory.

This paper presents the results of the reconstruction
of the velocity structure in the Alpine upper mantle
from new data on the phase velocities of Love and Ray-
leigh waves. Phase velocities have been determined
with the two-station method [5] from the records at
pairs of stations located in Central Europe (Fig. 1) over
a period range from 15 to 125 s.

For each path between the stations, dispersion curve
is determined by averaging the velocity measurements
from ten earthquakes. We use teleseismic records of the
earthquakes with epicenters at opposite azimuths and
located at the same great circle arc with the stations
with a tolerance of 0.3

 

°

 

 (difference of azimuths to the
two selected stations). In such a way, it has been possi-
ble to improve the precision as compared with earlier
measurements [1, 5]. The average standard error of the
averaged velocities turns out to be 0.06 km/s and never
exceeds 0.1 km/s.

The standard scheme of surface wave tomogra-
phy—2D tomography of surface wave velocities corre-
sponding to fixed periods followed by the inversion of
local dispersion curves into vertical 1D velocity sec-
tions—could not be reliably applied due to the limited
number of available paths. Therefore, we used a
reversed scheme: inversion of the dispersion curves for
each of the two-station paths into S-wave velocity pro-
files versus depth followed by 2D tomography of these
S-wave velocities profiles at selected fixed depths.

The crust has been approximated with flat layers of
fixed constant velocities. The investigation of the influ-
ence of such and other a priori choices on the final
S-wave velocity models of the uppermost 250 km of the
lithosphere–asthenosphere system is outside the pur-
poses of the present paper and will be the subject of a
forthcoming investigation, but will not alter the general
picture we present here. The velocity variation in the
upper mantle has been assumed to be a piece-wise lin-
ear function in order to eliminate jumps in velocities
between different paths at the same depth that could be
introduced by a homogeneous-layer approximation. To
improve the stability of the results, the path averaged
cross sections are determined by two inversion
approaches: the Monte-Carlo method [6] and linear
inversion by the conjugate gradient method. With the
Monte-Carlo method, the mean velocity section has
been determined jointly with its standard error that
turned out to be about 0.1 km/s on average.

 

Fig. 2.

 

 Maps of horizontal variations of S-wave velocity at
the depths of 75–225 km with respect to mean velocities at
the corresponding depths. Mean velocity values are indi-
cated above each map.
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Velocity cross sections of SV- and SH-waves
obtained by the inversion of Rayleigh and Love disper-
sion curves, respectively, are a little different, and this
indicates the existence of some vertical anisotropy in
the upper mantle. SH-wave velocity is always larger
than SV-wave velocity, the anisotropy coefficient being
3–4% on average, and never exceeding 7%. Due to the
limited amount of available data, we did not analyze the
SH and SV velocity cross sections separately, but we
preferred to determine the mean section by averaging
SH- and SV-based models.

In this way, the path averaged S-wave velocity mod-
els have been determined at depths from 50 to 275 km
with a step of 25 km. These data have been used for the
determination of the horizontal variations of velocity at
the corresponding depths by 2D tomography [7]. Fig-
ure 2 shows the velocity variations at the depths from
75 to 225 km, with respect to the reference values given
in Fig. 2.

From the distribution of the two-station paths
(Fig. 1), we can conclude that the best resolution can be
obtained in the direction crossing the majority of paths,
i.e., in the SE–NW direction. Therefore, a 2D vertical
velocity cross section (% variation in Fig. 3) has been
constructed along a profile in this direction (

 

BB

 

' in
Fig. 2). In Fig. 3, variations of absolute velocity with
depth in two points on the profile marked by arrows are
shown on the right.

From Fig. 3, a distinct difference is seen between the
structures under Alps–Dinarides and the Molasse basin
merging into the Rhine graben already evidenced by
[8]. A sharp boundary coinciding in the horizontal
plane with the northern boundary of the Alpine zone is
observed between these two domains (Fig. 2): it sepa-
rates the upper mantle under the Alps (thick lithosphere
and absence of asthenosphere) from that under the
European slab (low velocity in the 70–200 km depth
range). At the same time, the European slab is charac-
terized by high velocities in the mantle lid.

Local high velocity bodies under the Alps have been
found not only from surface wave dispersion analysis
[1, 3] but also from P-wave travel time residuals by
tomography methods [2, 4, 9]. In [9], the P-wave model
obtained after smoothing shows an extended high-
velocity zone in the depth range from 100 to 200 km,
which extends along the strike of the Alpine arc (NE–
SW) and dips to the SE. Our results are in agreement
with [9] as far as the existence of a high-velocity zone
under the Alps is concerned, but as [1, 3] they cast some
doubts on the dipping of this zone to the SE. The
regional high-velocity anomaly beneath the alpine oro-
gen merges into the high-velocity anomaly of the
Dinarides subduction zone. The central and eastern
Alps are rather confirmed to be a doubly vergent Alpine
collisional belt related to the classical model in which
the European and Adriatic lithospheres are the lower
and the upper plate of the Alpine subduction zone,
respectively [10, 11]. This is opposite to the recent con-
flicting interpretation in which the Adriatic plate is con-
sidered to subduct beneath Europe [9]. The Adriatic
plate is subducting NE-ward beneath the Eurasia plate
only along the Dinarides, which are an independent
subduction zone, although interfering with the eastern
Alps at their northwestern termination.
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Fig. 3.

 

 Variations of S-wave velocity in the vertical section along the profile 
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' shown in Fig. 2. The plot on the right side shows
variations of S-wave velocity with depth in the points indicated by arrows; dashed line, under the Rhine graben; solid line, under
Alps.
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