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The dynamics of the Hellenic lithosphere has been extensively studied over the last decades. However, tomographic
investigations on the seismic structure of its upper mantle have yielded controversial interpretations, mostly related to
restraints due to poor resolution, especially for the intermediate depth range down to 150 km. This study provides new
constraints on the intermediate depth, upper-mantle shear velocity structure of Greece using broadband Rayleigh-wave
recordings. The analysis is a three-step procedure: acquisition of waveform recordings, dispersion curve estimation, and
inversion. The data are constituted of broadband waveforms of over 670 events recorded by ~200 broadband stations of
the Hellenic Unified Seismological Network (HUSN; http://www.gein.noa.gr/en/networks/husn) and Kandilli Observa-
tory and Earthquake Research Institute network (KOERI, 2001) between 2010 and 2018. Additional recordings were
acquired from stations of the Corinth Rift Laboratory (CRL), operating in Central Greece, as well as of GEOFON and
MEDNET.

Phase-velocity dispersion curves were derived using a multichannel cross-correlation technique, applying the Automated
Surface-Wave Measuring System algorithm (ASWMS; Jin and Gaherty, 2015), based on the Generalized Seismological
Data Functionals (GSDF) proposed by Gee & Jordan (1992). In this method, phase delays are measured between all
combinations of neighboring stations of the network to avoid systematic biases due to propagation effects, rather than
only for pairs that are aligned with the epicenter, within a few degrees of tolerance along a common great circle path; an
assumption that greatly reduces the number of quasi-valid measurements. Phase-velocities were determined in terms of
apparent and structural velocities, approximated by the application of the Eikonal and Helmholtz equation, respectively.
Phase-velocity maps were generated in a grid cell of cell-dimensions 0.2°x0.2° over the period range 30 to 90 s (Fig. 1a).
Checkerboard tests yielded adequate horizontal resolution to distinguish anomalies of about 130%130 km? for the obtained
tomograms.

The phase-velocity maps were then inverted in order to acquire the vertically polarized shear-velocity (Vsv) distribution
with depth, using the surf96 code (Herrmann, 1994), derived by a Monte-Carlo scheme on perturbations over initial 1-D
models, as implemented in the ASWSM suite (Jin, 2015), modified to take into account the region’s crustal structure
(CRUST1.0; Laske et al., 2013). The most prevalent features in the phase velocity maps (Fig. 1) are the Hellenic Sub-
duction Zone (HSZ) and the North Anatolia Trench system (NAT), manifested by high and low velocities, respectively.
Low velocities along the outer Hellenic Arc at low periods are pertinent to the thick crust and sedimentation along the
HSZ (Laske et al., 2013). Fast velocities beneath the Cephalonia-Lefkas-Akarnania Block (CLAB, Fig. 1), considered a
microplate (Perouse et al., 2017) are indicative for deep lithospheric roots. A high velocity anomaly extends below the
Greek mainland and the South Aegean Active Volcanic Arc (SAAVA), consistently with other tomographic studies (e.g.
Papazachos & Nolet, 1997).

Cross-sections across the 3-D absolute Vsy model (Fig. 2) highlight a low velocity zone hosting intermediate depth seis-
micity, above a high velocity surrounding upper mantle material deeper than 90 km. This finding is compatible with
Spakman and Nolet (1988) and Granet and Trampert (1989), who interpreted a low velocity anomaly at similar depth as
representing a possible detachment zone along the slab, and with Suckale et al. (2009) who found a low-velocity layer at
the western part of the HSZ at depths 40-90 km, explained as the hydrated crust of the Hellenic slab. The upper mantle
of North Aegean is dominated by slow velocities, compatible with mantle wedge, asthenospheric flow and surface mag-
matism observed throughout the region. The latter observation, also complies with high crustal stress ratio values
(Kapetanidis and Kassaras, 2019), indicative of a stable Sz axis, exhibiting extension in a SSW-NNE direction.
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Figure 1. Rayleigh-wave structural (Helmholtz) phase velocity maps at various periods of interest. The color scale varies with
period T, with white color corresponding to the average phase velocity as given in the lower right corner of each map. Green
contours indicate relative error (%) with respect to the average phase velocity per period. Tick lines on the contours indicate
the direction of relative error reduction.

279



J
o
S

-100

(wy) yudaqq

-150

-200
0

|
@
S

-
A active vokano o -100
é‘ thermal spring/Pliocene volcana

(wy) ydaqy

-
M Pliccens volcano

e

A thermal springMiacene valcano

Fe - pring -150
. Quatemary volcano A thermal spring

%, Middia Miocens valcana N

-200
0

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850

3.0 35 4.0 4.5 5.0
Vsv (km/s)

Figure 2. Cross sections of preliminary results on the 3-D absolute Vsv model along profiles shown on the left map. Purple
dashed lines are contours of the Resolution matrix Diagonal Element (RDE), with results in regions within RDE>0.1 gener-
ally considered as reliable. Seismicity (Karakonstantis, 2017; Bocchini, 2018), focal mechanisms (Kapetanidis & Kassaras,
2019) and volcanics (Siebert & Simkin, 2002) are superimposed.
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