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Abstract

New combined P receiver functions and seismicity data obtained from the EGELADOS
network employing 65 stations within the Aegean constrained new information on the
geometry of the Hellenic subduction zone. The dense network and large dataset en-
abled us to accurately estimate the Moho of the continental Aegean plate across the
whole area. Presence of a negative contrast at the Moho boundary indicating the ser-
pentinized mantle wedge above the subducting African plate was clearly seen along
the entire forearc. Furthermore, low seismicity was observed within the serpentinized
mantle wedge. We found a relatively thick continental crust (30—43 km) with a maxi-
mum thickness of about 48 km beneath the Peloponnesus Peninsula, whereas a thin-
ner crust of about 27-30 km was observed beneath western Turkey. The crust of the
overriding plate is thinning beneath the southern and central Aegean (Moho depth
23-27 km). Moreover, P receiver functions significantly imaged the subducted African
Moho as a strong converted phase down to a depth of 180 km. However, the converted
Moho phase appears to be weak for the deeper parts of the African plate suggest-
ing reduced dehydration and nearly complete phase transitions of crustal material into
denser phases. We show the subducting African crust along 8 profiles covering the
whole southern and central Aegean. Seismicity of the western Hellenic subduction
zone was taken from the relocated EHB-ISC catalogue, whereas for the eastern Hel-
lenic subduction zone, we used the catalogues of manually picked hypocenter locations
of temporary networks within the Aegean. P receiver function profiles significantly re-
vealed in good agreement with the seismicity a low dip angle slab segment down to
200 km depth in the west. Even though, the African slab seems to be steeper in the
eastern Aegean and can be followed down to 300 km depth implying lower tempera-
tures and delayed dehydration towards larger depths in the eastern slab segment. Our
results showed that the transition between the western and eastern slab segments is
located beneath the southeastern Aegean crossing eastern Crete and the Karpathos
basin. High resolution P receiver functions also clearly resolved the top of a strong low
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velocity zone (LVZ) at about 60 km depth. This LVZ is interpreted as asthenosphere
below the Aegean continental lithosphere and above the subducting slab. Thus the
Aegean mantle lithosphere seems to be 30—40 km thick, which means that its thick-
ness increased again since the removal of the mantle lithosphere about 15 to 35Ma
ago.

1 Introduction

The tectonics of the Hellenic subduction zone has been controlled since late Cre-
taceous by the convergence between Africa and Eurasia, the subduction of African
oceanic lithosphere beneath the Aegean lithosphere, and the accretion of Africa de-
rived terranes to Eurasia (e.g. Dercourt et al., 1986; Gealey, 1988; Stampfli and Borel
2004). The recent kinematics of the Aegean is characterized by a counterclockwise
rotation of the Aegean and the Anatolian plates and internal extension of the plates
(e.g. McKenzie, 1972, 1978; LePichon et al., 1995; Cocard et al., 1999; Kahle et al.,
1999; McClusky et al., 2000). Subduction of African oceanic lithosphere along the Hel-
lenic arc and its associated roll back is supposed to be the cause of the extension and
might contribute to the rotation of the Anatolian—Aegean plate (e.g. LePichon et al.,
1995; McClusky et al., 2000). From late Miocene time onward, extensional basins de-
veloped in the entire Aegean (e.g. Mascle and Martin, 1990; Brun and Sokoutis, 2010),
combined with the propagation of the North Anatolian fault into the Aegean region since
about ca. 5Ma (Armijo et al., 1996; Faccenna et al., 2006). Recent studies showed that
stretching of the Aegean lithosphere took place in a distinctly episodic fashion, not in
a manner that can be described as continuous or progressive (e.g. Forster and Lister,
2009). Even though, the style of the deformation that accommodates the extension is
disputed. Recent seismic anisotropy analysis found evidence for a highly 3-D defor-
mation pattern, strong Miocene extension of the lower crust in the southern Aegean
associated with the formation of metamorphic core complexes and significant recent
deformation of the entire lithosphere in the northern Aegean (Endrun et al., 2011).
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High seismic activity occurs along the Hellenic arc (e.g. Papazachos and Com-
nikakis, 1971; Hatzfeld and Martin, 1992; Knapmeyer, 1999; Papazachos et al., 2000).
The depths of the hypocentres increase towards volcanic arc. Depending on location
accuracy, seismicity in the Wadati—Benioff zone may provide valuable information on
the geometry of the subducting African lithosphere. Interestingly, the Wadati—Benioff
zone can only be observed down to about 100km to 180 km depth and terminates
roughly beneath the Hellenic volcanic arc. Therefore, the slab may only be followed
towards greater depths by seismic tomography or receiver function studies.

The subducting African lithosphere has been consistently imaged by several tomo-
graphic studies using body waves (e.g. Spakman et al., 1988, 1993; Papazachos and
Nolet, 1997; Bijwaard et al., 1998; Piromallo and Morelli, 2003; Schmid et al., 2004;
Chang et al., 2010; Biryol et al., 2011). Recent tomographic studies showed the Hel-
lenic slab continuously from the surface down to 1400 km and revealed the associated
penetration of the slab into the lower mantle (e.g. Chang et al., 2010). The geometry
of the Hellenic subduction zone has also been intensely studied by other geophys-
ical methods, but none of them could resolve the subducting slab at depths larger
than about 160 km (e.g. Makris and Vees, 1977; Makris, 1978; Knapmeyer and Harjes,
2000; Bohnhoff et al., 2001; Li et al., 2003; Endrun et al., 2004, 2008; Meier et al.,
2004; Tirel et al., 2004; Snopek and Casten, 2006). Recent receiver function studies
obtained new constraints on the nature of the subducting African plate (e.g. Sodoudi
et al., 2006; Gesret et al., 2011). Sodoudi et al. (2006) imaged the bottom of the sub-
ducting African lithosphere (LAB) down to 225km beneath the volcanic arc using S
receiver functions. However, the subducting African Moho could not be shown deeper
than 160 km beneath the volcanic arc. Surface wave studies could also not image the
deeper part of the slab, but they found evidence for the presence of a low velocity as-
thenosphere beneath the Aegean plate and above the subducting African slab (e.g.
Karagianni et al., 2002; Meier et al., 2004; Bourova et al., 2005; Endrun et al., 2008).

Establishment of the temporary, broadband seismic network of EGELADOS (Explor-
ing the Geodynamics of Subducted Lithosphere using an Amphibian Deployment Of
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Seismographs) within the CRC 526 “Rheology of the Earth” founded by the Deutsche
Forschungsgemeinschaft covering the entire Hellenic subduction zone from the Pelo-
ponnesus in the west to the western Turkish coast in the east, was carried out by the
Ruhr-University Bochum in collaboration with partners at the Aristoteles University of
Thessaloniki, the National Observatory Athens, the Technical University of Crete, the
Istanbul Technical University, the GFZ Potsdam and the University of Hamburg (Fig. 1).
Deploying more than 80 temporary onshore and offshore stations provided a unique
opportunity to perform a detailed investigation into the properties of the Hellenic sub-
duction zone and to image crust and mantle structure with high resolution.

In this paper, we employ the P receiver function technique to the temporary land
stations and the permanent GEOFON stations. Dense seismic sampling obtained from
these stations allows reaching a high resolution image of the descending African plate
in the southern and central Aegean. We combine our results with hypocenter locations
of the EHB-ISC catalogue for the western Hellenic subduction zone and new accurate
hypocenter locations recorded by the temporary CYCNET and EGELADOS networks
(Bruestle, 2012) for the eastern Hellenic subduction zone and particularly discuss the
correlation of P receiver function images and seismic activity.

2 Data and methodology

The EGELADOS network consists of 56 on- and 24 off-shore stations deployed on
the Greek mainland, on most of the southern Aegean islands and in western Turkey
from October 2005 to April 2007. 45 of the temporary onshore stations and all off-
shore stations were equipped by the German amphibian seismograph pool (DEPAS).
The remaining temporary stations were provided by Ruhr-University Bochum. Addition-
ally, 22 permanent onshore stations of the Global Seismic Network GEOFON (Geo-
forschungszentrum Potsdam, Germany), the Hellenic Broadband seismic Network HL
(National Observatory Athens NOA, Greece), and the Mediterranean Network Med-
Net (Instituto Nazionale di Geofisica e Vulcanologia INGV, Italy) were also included to
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complete the temporary network. We used at least 1.5 yr of teleseismic data recorded
at 65 onshore stations (56 temporary and 9 permanent GEOFON stations) to calcu-
late the P receiver functions (Fig. 1). All available events with a magnitude (mb) larger
than 5.5 and at a distance of 30-95° were analyzed. Additionally, more than 11 yr of
data were available for the permanent GEOFON stations for the P receiver function
analysis. We computed P receiver functions for all stations as described by Sodoudi
et al. (2006).

To image the seismicity of the Hellenic subduction zone, about 8200 hypocenter
locations with a location uncertainty of less than 20 km were selected from various
catalogues. Seismicity of the western Hellenic subduction zone (lat < 25°, profiles 1—
4 in Fig. 1) was taken from the relocated EHB-ISC catalogue 1960-2007 (Engdahl
et al., 1998). Seismicity of the eastern Hellenic subduction zone (lat > 25°, profiles 4—
8 in Fig. 1) was taken from catalogues of manually picked hypocenter locations of
temporary networks. This dataset consists of about 3000 hypocenter locations (Brues-
tle, 2012) determined by the temporary EGELADOS network, of about 4000 relocated
hypocenter locations (Bruestle, 2012) obtained by the temporary CYCNET network
covering the central subdcution zone from 2002-2004 (Bohnhoff et al., 2004, 2006),
and of about 2000 hypocenter locations of the temporary LIBNET network (Becker
et al., 2009) covering the forearc SE of Crete from 2003-2004 .

3 Observations

Stacked traces of P receiver functions (PRFs) of 65 EGELADOS stations are shown in
Fig. 2. They are filtered with a low-pass filter of 1s corner period. At all stations (except
forearc stations) we can clearly see a positive P-to-S conversion in the time interval
from 2.5 to 6s delay time (shown in black), which stem from the Moho discontinuity.
Furthermore, we observe strong multiple converted phases from the Moho boundary
(shown with blue circles). The converted Moho phase as well as its first multiple can
be clearly observed beneath the stations located relatively far from the Hellenic trench
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(see Fig. 1). At the stations located in the forearc of the subduction (marked Forearc in
Fig. 2), the converted Moho phase has disappeared and instead a negative phase is
seen. Such a reversal of sign for the Moho conversion has been previously observed
beneath the Cascadia, Hellenic subduction zones and Central Andes (e.g. Knappmeyer
and Harjes, 2000; Bostock et al., 2002; Li et al., 2003; Endrun et al., 2004; Sodoudi
et al., 2006, 2011). Clear arrivals of the Moho conversions and of the multiples (Ppps)
allowed an accurate estimation of the crustal thickness beneath the whole region. The
calculated Aegean Moho depths and Vp/Vs ratios are listed in Table 1.

More detailed images can be provided by our migrated P receiver functions along
different profiles covering the whole central and southern Aegean. Figure 3 shows
depth migrations of PRFs down to 80 km depth along the eight S—N profiles shown
in Fig. 1. In Fig. 3b accurate hypocenter locations of temporary networks catalogues
are also shown (profiles 5-8). High frequency P receiver functions reliably indicate the
presence of the Aegean and African plates. The continental Moho of the Aegean plate
can be well seen beneath the northern part of all profiles up to the forearc area (la-
beled Moho, see Fig. 3). The thickest crust of about 48 km is observed beneath the
Peloponnesus Peninsula, where the Hellenides mountains are located (see profile 1).
We found relatively thinner crust of approximately 27—-30 km beneath the stations lo-
cated in Turkey (see profile 8). The crust becomes thinner and is approximately only
about 23-27 km thick beneath the southern and central Aegean Sea. Further south,
beneath the forearc area, the positive Moho phase is no longer visible and is continued
by negative converted phases. This is a common feature, which can be reliably ob-
served beneath the forearc on all profiles. The negative Moho indicates a low velocity
zone interpreted as serpentinized mantle wedge above the subducting plate (Sodoudi
et al., 2006). Interestingly, this low velocity zone shows also low seismicity, whereas
the high seismicity occurs just above or below it. From profile 5 — where accurate lo-
cations of seismic events at the seismogenic interface are available (Becker et al.,
2009) — it becomes evident that the plate contact between the serpentinized mantle
and the subducting plate is mainly aseismic. Thus, the serpentinized mantle wedge is
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deforming mainly aseismically. On the other hand the seismogenic zone terminates
where the serpentinized mantle wedge comes in contact with the plate interface. Meier
et al. (2007) noted that the seismogenic zone terminates at the southern coastline of
Crete and postulate that the recent uplift of Crete is related to the return flow above
the seismically decoupled plate interface. Here we show that the serpentinized man-
tle wedge is present along the entire forearc of the Hellenic Subduction zone and its
location coincides with the location of the forearc high.

Furthermore, the Moho of the subducting African plate (labeled slab) can be also
clearly imaged throughout the whole region at depths ranging from 40 to 80 km be-
neath the forearc area. As Fig. 3b shows, the seismicity (for profiles 5-8) is also con-
sistent with the P receiver function results. Both, the P receiver functions as well as the
hypocenter locations constrain the geometry of the slab.

In the next step, to have a clearer image of the subducted African crust, we sep-
arately show the stacked PRFs obtained from the western and eastern parts of the
Aegean. For the western part we took stations along profiles 1-3 and for the eastern
part those along profiles 4—7. Figure 4 illustrates the stacked PRF traces obtained from
these two parts. The PRFs are filtered with a low pass of 3s and sorted by the relative
distance of the stations from the Hellenic trench. We show them in a larger time win-
dow than in Fig. 2. The most pronounced conversions correspond to the Moho of the
subducting African plate (marked slab, red dashed lines). This phase is clearly shown
at times ranging from 6s beneath the forearc region to about 11 s beneath the Pelo-
ponnesus (station PEQ2) for the western Aegean, whereas it can be followed from 5s
under the forearc area to 11 s beneath the volcanic arc (station SANT) for the eastern
Aegean. Further north, the continuation of the slab phase is not clear (shown with red
dotted lines). Instead, the significant converted phase associated with the continental
Aegean Moho (shown as Moho) and its multiple (shown as Moho Multiple) are well
imaged.
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4 Results and discussion

We calculated P-to-S conversion points at 200 km depth using the minimum 1-D-
velocity model of Bruestle (2012). For each profile, we considered the PRFs, whose
piercing point is located within the data band of 60 km from each side of the profile.
Then we stacked them in bins of 4 km and sorted them according to their distance from
the starting point of the profile (see Fig. 1). Figure 5 indicates the binned PRFs along
the eight profiles shown in Fig. 1. For each profile, local seismicity (Engdahl et al.,
1998; Becker et al., 2009; Bruestle, 2012) is overlaid on the PRF data. Generally, there
is a good correlation between the geometry of the slab shown by seismicity and that
obtained from the PRFs. Both of them can satisfactorily resolve the shallower part of
the slab down to at least 90 km (~ 10s).

Our results together with seismicity enabled us to image the deeper part of the slab
with a higher resolution than before, especially for the eastern Hellenic subduction
zone, where the resolution of the seismicity of the temporary network catalogues (pro-
files 5-8) is better than 20 km with an average location error of less than 10km as
estimated by the location routine NonLinLoc (Becker et al., 2009; Bruestle, 2012). Re-
garding the dominant wave periods of the P wave (approximately 2s), a maximum
depth resolution of about 2km can be theoretically estimated for P-to-S conversions
at discontinuities. Considering some more errors obtained from lateral heterogeneities
and noise, we expect to have less than 5 km error in depth estimation. In contrast, res-
olution of surface wave studies as well as the resolution obtained from tomographic
body wave studies is in general lower. Furthermore, previous P receiver function stud-
ies could not image the Hellenic slab deeper than 120—160 km depth (Knappmeyer and
Harjes, 2000; Li et al., 2003; Endrun et al., 2004; Sodoudi et al., 2006). In this work, es-
pecially the comparison of P receiver functions with hypocenters of the Wadati—Benioff
Zone allows to distinguish between primary conversions at the top of the slab and mul-
tiples of the continental Aegean crust. Multiples could otherwise be misinterpreted as
flat slabs.
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Our results mainly show a relatively shallow dipping slab segment beneath the west-
ern part of the Aegean (Fig. 5a). Along profile1 located in the westernmost part of the
Aegean, the Moho of the subducting plate is consistently imaged at times ranging from
5sto about 11 s (Fig. 5a, black dashed line). A single event at 13 s (130 km) depth may
reveal the deeper part of the slab. This part is however not well resolved by our PRFs.
Beneath profile 2, the seismicity stops at about 12s. Even though, the continuation of
the converted phase from the slab can be observed down to at least 20s (200 km).
This feature can be also clearly seen along profile 3. In contrast to seismicity, which
terminates at 11 s, the slab phase is imaged as a downgoing phase to 22 s. Low con-
version amplitudes behind the island arc — pointing to reduced contrasts — and the lack
of seismicity at depth larger than about 100 km may indicate reduced dehydration and
nearly complete phase transitions of crustal material into denser phases like eclogite.
There are however indications for weaker conversions down to about 250 km depth.
That means the slab seems to continue towards larger depths in accordance with body
wave tomography. We note that at larger depths the slab may be formed by continental
rather than oceanic lithosphere because according to tectonic reconstructions not more
than about 500 km to 700 km of oceanic lithosphere has been subducted at the recent
Hellenic arc (Meier et al., 2004; van Hinsbergen, 2005; Brun and Sokoudis, 2010).

The PRFs along profile 4 are significantly different from those observed along profiles
1-3. Besides the shallow dipping western slab segment, which can be shown by the
both seismicity and PRFs at times ranging from 5 to 11s, the PRFs clearly reveal
another dominant downgoing phase. This phase may probably be observed to 30s
and shows a larger dip angle (see Fig. 5a). Furthermore, the low dip angle of the
western slab segment seems to be continued to 26s (260 km). Such a downgoing
phase can be also significantly resolved beneath profiles 5—6 (Fig. 5b). Here, we deal
with two different converted phases. The first one, which correlates generally well with
seismicity, is observed to 25s (250 km depth). However, the latter one shows a larger
dip angle and can be followed down to at least 30 s (300 km). Thus profiles 5-6 image
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the transition from the western to the eastern segment of the slab that is dipping more
steeply and can be imaged deeper.

Along profile 7, where the most seismicity occurs down to depths of about 180 km,
we can only observe the steeper eastern slab segment. The low dip angle western slab
segment may not be identified any more. PRFs along Profile 8 could significantly show
the slab phase down to 12s. However, the continuation of the slab phase is not clear
but may be visible to 30s. We converted times into the depth domain using the mini-
mum 1-D-velocity model of Bruestle (2012). The results derived from the migrated PRF
data are shown for profiles 5 and 7 located in the eastern and easternmost Aegean,
respectively (Fig. 6a and b). The presence of two different segments of the subducting
African plate (western and eastern segments) is clearly shown beneath the profile 5,
whereas beneath the easternmost Aegean (profile 7), the slab seems to have a single
steep segment in good agreement with the high seismicity observed beneath this area.

Based on our results we found evidence for a shallow dipping segment beneath
the western Aegean (profile 1-3) down to 200-250 km, whereas the eastern segment
seems to be steeper and deeper than the western segment and can be significantly
resolved down to 300 km (profile 7). Beneath the middle profiles (4-6), the both seg-
ments can be clearly observed in the PRF data. Comparing the maximum depth of the
seismicity and the maximum depth of observed PRFs we can conclude that dehydra-
tion and phase transitions in the crust of the slab are delayed towards larger depths in
the eastern segment.

Wortel and Spakman (2000) proposed a horizontal tear within the subducting slab
propagating from the southernmost Dinarides southwards towards the western Hellenic
subduction. In our analysis we don’t find evidence for a horizontally propagating tear
beneath Peloponnesus in the region of the western segment of the Hellenic subduction
zone. If present, the horizontal tear is confined to the northern Hellenides beneath
mainland Greece north of the Peloponnesus and the Golf of Corinth.

Based on regional body-wave travel-time tomography Papazachos and Nolet (1997)
found also evidence for a western and eastern slab segment and noted that at about
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200 km depth the western and eastern slab segments meet along a rather sharp edge
with a right angle. Analyzing hypocenters of the relocated EHB-ISC catalogue (Eng-
dahl et al., 1998) Meier et al. (2007) identified the two slab segments and proposed
that they are associated with laterally varying properties of the African slab. Further-
more, in the Mediterranean southeast of Crete, Rhodes and south of western Anatolia,
high velocities in the mantle lithosphere — typical for cold oceanic lithosphere — are
found by tomographic studies (Bijward et al., 1998; Marone et al., 2004; Erduran et al.,
2008; Legendre et al., 2012), whereas south of Peloponnesus and western Crete ve-
locities in the mantle lithosphere are lower (Meier et al., 2004; Legendre et al., 2012).
Our high resolution images and the precise event locations reveal the geometry of
the two segments down to about 300 km depth. The larger dip angle of the eastern
segment may be associated with lower slab temperatures and dehydration delayed to-
wards larger depths. Based on the PRFs the transition between the two segments is
located beneath profiles 5 and 6 crossing eastern Crete and the Karpathos basin east
of Karpathos. In addition, in accordance with the observations by Papazachos and No-
let (1997) our receiver function images seem to indicate an increase of the dip of the
western slab segment at about 70 km depth (9s) on profiles 2 and 3. This may be in-
dicative for an increased continental character of the western slab segment towards
shallower depths.

Furthermore, high frequency PRF data have enabled us to resolve another domi-
nant positive phase at 15—-17 s (Fig. 5, shown with blue dashed line, marked as 2). This
phase is clearly seen beneath the northern part of all profiles and seems to be par-
allel to the Moho phase. However, this phase is not a Moho multiple due to its arrival
time. The Moho multiple comes just before this phase (red dashed line). To model this
phase, synthetic P receiver functions are obtained from forward modelling. We started
with the minimum 1-D velocity model obtained by joint inversion for event locations
(Bruestle, 2012). Synthetics are computed by iteratively fitting the modeled waveform
to the observed data utilizing a non-linear least-squares approach. For this purpose we
stacked data from the northern part of profile 5, where this phase is clearly imaged. As
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Fig. 7a shows, a simple model containing a Moho at 25km as a sharp crust-mantle
boundary can reproduce a pronounced positive signal (at 2.5s) and two multiples (at
10.5 and 13s) in the P receiver function that fits well the observed stacked data. Even
though, the positive signal at 16.5 s cannot be produced by this model. Modeling shows
that a velocity reduction (~ 8 %) below 60 km produces an additional negative signal
at about 6 s (Fig. 7b). Furthermore, this Low Velocity Zone (LVZ) also provides a pos-
itive multiple phase arriving at 16.5s delay time. The presence of the strong negative
converted phase at 6-8 s (Fig. 5, shown with black dotted line, marked as 1) just below
the Moho phase is observed beneath all profiles. Thus, our results imply a low-velocity
layer below about 60 km depth. That means a LVZ between the Aegean Moho and the
high velocities of the African slab is required beneath the northern parts of all profiles
(central Aegean).

Low velocities below 60 km depth beneath the southern Aegean and the volcanic arc
have also been observed by P-wave tomography (Drakatos et al., 1997; Papazachos
and Nolet, 1997). In addition, surface wave dispersion analysis revealed also a low-
velocity layer with minimum velocities of 4.15km s at depths of 50-80 km between
the Aegean Moho and the slab in the Sea of Crete and beneath the Cyclades (En-
drun et al., 2008). An even more pronounced low-velocity layer was found by Bourova
et al. (2005). They observed a large low-velocity anomaly at a depth of 50—-100 km be-
neath the prolongation of the North Anatolian Trough in the northern Aegean, where
strong deformation is currently observed at the surface.

We have observed the top of the LVZ at about 60 km beneath the back arc area
(central Aegean), where no estimation of the lithospheric thickness was made before.
The observed LVZ has been constrained consistently over a dense network of receivers
in the Aegean and mainland Greece between the Moho of the Aegean plate and the
slab. Our result confirms the previous results and provides excellent new information
on the LVZ beneath the central Aegean. Our LVZ is seen slightly deeper (~ 10 km) than
that observed in the Sea of Crete and beneath the southern Aegean, but its depth is

439

Jaded uoissnasig

Jaded uoissnasiqg

L

Jadedq uoissnosiq | Jaded uoissnosiq

1|

SED
5, 427-461, 2013

New constraints on

the geometry of the

Hellenic subduction
zone

F. Sodoudi et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

() ®


http://www.solid-earth-discuss.net
http://www.solid-earth-discuss.net/5/427/2013/sed-5-427-2013-print.pdf
http://www.solid-earth-discuss.net/5/427/2013/sed-5-427-2013-discussion.html
http://creativecommons.org/licenses/by/3.0/

10

15

20

25

consistent with the depth derived from P-wave tomography and surface wave analysis
in the northern Aegean.

In good agreement with Endrun et al. (2008), we interpret this negative discontinuity
at 60 km depth as the lithosphere-asthenosphere boundary (LAB) of the continental
Aegean plate. This is a remarkable result as it indicates a very thin mantle lithosphere
in the central and northern Aegean and furthermore a relatively sharp LAB (~ 8 % ve-
locity reduction). Taking the error bounds of P receiver functions (+5 km) into account,
we found a relatively thicker lithosphere in the central Aegean (60 km) rather than that
seen by surface waves analysis beneath the southern Aegean between forearc and
volcanic arc (40-50km). Given a crustal thickness of about 23-27 km in the central
Aegean, the mantle lithosphere is only about 30—40 km thick. Although there is evi-
dence for lithospheric stretching during the extensional processes governing the more
recent (last 30 Ma) evolution of the Aegean, the interpretation of a thinned mantle litho-
sphere would imply a greater thickness of the mantle lithosphere before 30 Ma. Instead,
a detachment of the mantle lithosphere beneath the accreted continental terranes has
been proposed for the Aegean in order to explain the rather continuous slab (Meier
et al., 2004), nappe stacking and metamorphism in the Aegean (van Hinsbergen et al.,
2005; Jolivet and Brun, 2010). Similarly, delamination of the Anatolian mantle litho-
sphere has been proposed by Keskin (2003). The removal of the mantle lithosphere
of accreted continental terranes would mean that despite of the lithospheric extension
the mantle lithosphere has gained again a thickness of about 30—40 km in the central
Aegean since its removal about 35Ma to 15Ma ago. Processes involved in the evo-
lution of a younger mantle lithosphere may be cooling of the asthenospheric mantle,
magmatic underplating, dehydration of serpentinized mantle, or chemical differentiation
of crustal material (Artemieva and Meissner, 2012).

Our recent S receiver function analysis (Sodoudi et al., 2006) provided earlier con-
straints on the LAB in the Aegean. The S receiver function data resolved LAB signals
at about 170km beneath mainland Greece and at 130km beneath western Turkey
(Fig. 8). Due to the locations of the EGELADOS stations we could not provide any
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estimation of the Aegean LAB beneath mainland Greece in this work. Furthermore, for
the central Aegean, no S receiver function data are available yet.

We show in Fig. 8 stacked PRFs obtained from the boxes located beneath the north-
ern parts of the study area, where the negative phase at 6-8 s was significantly ob-
served in our PRFs (Fig. 8a, see also Fig. 5). We combined our results with those
recently shown by Sodoudi et al. (2006) using S receiver functions. Stacked PRFs com-
puted for each box (see Fig. 8a) are illustrated along a W-E trending profile covering the
central Aegean. We also included the stacked SRFs obtained from five boxes mostly
located beneath the mainland Greece and western Turkey from Sodoudi et al. (2006).
As Fig. 8b shows, the LAB signal is found at 6—8 s beneath the central Aegean in the
PRFs. The P and S receiver functions yield consistent results for the LAB signal if
multiples in the P receiver functions are carefully identified (compare box 3 with box
4 and box 6 with box 7). Beneath mainland Greece the LAB is found at about 17 s
(~170km). This can be seen in box 1, 2, 3 and may be also indentified at 20 s in box 4
(Fig. 8). This signal indicates very likely the bottom of the subducting lithosphere as the
Moho of the subducting plate is found at about 100 km (12—14 s) depth in the region
of boxes 1, 2 (Fig. 5a). Thus in agreement with Sodoudi et al. (2006) we can provide
good depth estimation of the African LAB beneath western Aegean. Furthermore, the
signal at about 10s (~ 100 km) in box 8 showing the Aegean LAB in western Anatolia
would imply a thickening of the Aegean lithosphere towards Anatolia.

5 Conclusions

We analyzed more than 1.5 yr of teleseismic data recorded by 65 temporary and per-
manent stations of EGELADOS network. By combining P receiver function observa-
tions and new accurate locations of seismic events, we could obtain a high-resolution
image of the subducting African plate beneath the continental Aegean plate in the
southern and central Aegean. Observation of the negative Moho velocity contrast of the
Aegean plate along the entire forearc clearly showed the serpertinized mantle wedge
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over the subducted African plate. Furthermore, the plate contact between the serpen-
tinized mantle and the subducting plate seems mainly to be aseismic. We could also
constrain accurate crustal thicknesses and Vp/Vs ratios for the continental Aegean
plate, since it could be sampled at the spacing of the EGELADOS stations. We iden-
tified the thickest crust of about 48 km beneath the Peloponnesus Peninsula, whereas
a relatively thinner crust of about 27-30 km was observed beneath the western Turkey.
The crust of the Aegean plate was estimated to be 23—-27 km thick beneath the south-
ern and central Aegean. Our PRFs could also significantly image the Moho of the sub-
ducting African plate as a strong converted phase in excellent agreement with the spa-
tial distribution of the earthquake hypocenters. We compared PRFs to hypocenters of
the relocated EHB-ISC catalogue (Engdahl et al., 1998) beneath the western Aegean.
In the southeastern Aegean, PRFs were compared with microseismicity obtained from
the accurate located EGELADOS and relocated CYCNET catalogues (Bruestle, 2012)
as well as accurate locations from the LIBNET network (Becker et al., 2009). The ge-
ometry of the subducted African plate was imaged along eight different profiles cover-
ing the southern and central Aegean. Our results mainly resolved a low dip angle slab
segment down to 200-250 km depth beneath the western Aegean, whereas we reliably
found a steeper and deeper slab segment down to at least 300 km beneath the south
eastern Aegean. This observation may support lower slab temperatures and delayed
dehydration and phase transitions within the oceanic crust towards larger depths in the
eastern segment. Furthermore, we estimated the transition between the two segments
beneath the southeastern Aegean crossing eastern Crete and the Karpathos basin.
Based on our high-frequency PRFs, we found a clear indication of the presence of the
LAB beneath the continental Aegean plate. The LAB of the Aegean plate was clearly
seen as a relatively sharp boundary (velocity drop of 8 %), which lies at a depth of
60 km beneath the central Aegean. If only crustal material has been accreted to Eura-
sia due to the collision of Gondwana derived terranes this implies a growths of the
Aegean mantle lithosphere of about 30—40 km in the last about 15 Ma to 35 Ma.
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Table 1. Stations, their coordinates, observed arrival times of the Moho and Moho multiple
(Ppps) of the Aegean plate and their corresponding Moho depths and Vp/Vs ratios.

Station Lat. Lon. Moho  Moho Moho Vp/Vs

time Multiple depth
(s) time (s)  (km)
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Fig. 1. Distribution of the EGELADOS stations used for receiver function technique (black tri-
angles). Location of the Hellenic trench is shown with black dashed line. Dashed-dotted line
denotes location of the volcanic arc. Black solid lines indicate the positions of eight S—N trend-
ing profiles used for P receiver functions. Small white circles on the profile lines mark 100 km
distance interval.
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Fig. 2. Stacked PRFs of 65 EGELADOS stations. Stations (except stations in the forearc) are
sorted according to the arrival time of the Aegean Moho phase from 2.3 to 6 (black dashed
line). They are filtered using a low-pass filter of 1s. No clear positive P-to-S conversions from
the Aegean Moho can be seen for the forearc stations (black box). Arrival times of the Aegean
Moho phases and Moho multiples (Ppps, blue circles) are used to calculate the Moho depth
and Vp/Vs beneath each station (see Table 1).
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Fig. 3b. Migrated PRFs along S—N trending profiles shown in Fig. 1. Topography is shown at the
top. Positive (negative) phases are shown in red (blue). Positions of the volcanoes are shown
with black triangles. (a) For the western profiles (1-4): the Moho of the continental Aegean plate
(labeled Moho) is well observed beneath the whole profiles up to the forearc region. This phase
is not visible beneath the forearc area and seems to be continued as negatively converted
phases. The subducted African Moho (labeled Slab) is well observed beneath the forearc area
at depths ranging from 40 to 80 km. Note that the thickest crust of about 48 km is seen beneath
the Peloponnesus (profile 1). (b) Same as (a) for the eastern profiles (5-8). The black circles
show the seismicity of the temporary network catalogues (Becker et al., 2009; Bruestle, 2012).
Note that the most seismicity occurs above or below the serpentinized mantle wedge (negative
phases) seen beneath the forearc area.
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Fig. 4b. Stacked PRFs sorted by their relative distance from the Hellenic trench from south
to north. They are filtered with a band-pass of 3-20s. (a) The western Aegean profiles 1—
3 stacked into one profile: the converted phase from the continental Aegean Moho and its
multiple can be clearly observed beneath all stations except those located in the forearc (shown
with black dashed lines). The converted phase from the subducting African Moho is well seen
down to 12 s beneath the northern Peloponnesus (shown with red dashed line). Further north,
the continuation of this phase is not clear (red dotted line). (b) Same as (a) for the eastern
Aegean (profiles 4-7): the subducting African Moho phase can be followed to 11 s beneath the
volcanic arc (station SANT). Further north, two different phases may be visible to 20 and 355,
respectively (red dotted lines).
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Fig. 5b. Sections obtained from the binned PRF data (in 4 km bins) along profiles shown in
Fig. 1. Seismicity is also overlaid on the PRF sections (small red circles). The data are filtered
with a band-pass filter of 4-30s. (a) The western Aegean (profiles 1-4). Besides the clear
Aegean Moho phase and its multiple (red dashed lines), the downgoing African Moho is also
well imaged by PRFs. The PRFs are well correlated with the seismicity of the relocated EHB-
ISC catalogue (Engdahl et al., 1998). The Moho phase of the subducted African plate seems
to be followed to 20 s for profiles 1-3. Beneath profile 4, two downgoing phases are probably
observed (black dashed lines). (b) Same as (a) for the eastern Aegean (profiles 5-7), but
seismicity taken from the temporary network catalogues (Becker et al., 2009; Bruestle, 2012).
The same feature as seen beneath profile 4 can be observed beneath the profiles located in the
middle part of the Aegean (profile 5—6), whereas the PRFs beneath the easternmost Aegean
(profile 7) show a steeper downgoing phase to about 30 s. Note that the strong conversion at
15-17 s (blue dashed lines, marked as 2) may show a multiple phase of the LVZ detected at
6-8 s delay time (shown with black dotted lines, marked as 1).
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Fig. 6a. (Caption on next page.)
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Fig. 6b. Imaged structures obtained from the migrated PRFs without (upper panel) and with
seismicity (lower panel) (a) Profile 5. Presence of two different segments of the subducting
African plate can probably be identified beneath the eastern Aegean (labeled slab, black
dashed lines in the lower panel). (b) Migrated PRFs for profile 7 located in the easternmost
part of the Aegean significantly resolve one segment of the subducting African plate down to
a depth of 300 km.
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Fig. 7 . Synthetic PRFs calculated to reconstruct the strong positive phase at 15-17 s seen
beneath the central Aegean (see Fig. 5). (a) A simple model consisting of a strong crust-mantle
boundary at 25 km can reproduce the Moho phase and its multiples but cannot constrain the
strong positive phase resolved at 16.5s. (b) Adding a LVZ into the model at about 60 km may
produce a multiple phase arriving at about 16.5s.
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S-P conversion points from Sodoudi et al. (2006)
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Fig. 8 . Aegean LAB as seen by PRFs from this study compared with the results obtained
from SRFs by Sodoudi et al. (2006). (a) location of P-to-S (black crosses) and S-to-P (red
crosses) piercing points. Red boxes (black boxes) show where the SRFs (PRFs) are considered
to be stacked. (b) Summation traces of P and S receiver functions obtained from the boxes
shown in (a). The Aegean LAB lies at about 6-8 s beneath the central Aegean with a significant
deepening to about 10 s towards Turkey. The African LAB lies at about 17 s beneath mainland
Greece and western Aegean.
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