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ABSTRACT

In the present paper all the available information 1is
presented concerning the velocity, density and attenuation
structure of the lithosphere in the Aegean and surrounding area.
Reflection and refraction methods and travel time inversion
techniques have been applied in the last twenty years for the
estimation of the velocity structure. All this information is
used in order to construct a map of the Moho discontinuity in the
region. The studies concerning the gravity and magnetic fields
are reviewed and the most updated information is presented
concerning the density structure. Finally, the main results of
the studies conducted mainly during the last five years for the
Q estimation (attenuation structure) are presented and the
dependence of Q on distance is examined.
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NEPINMHYH

tnv mapovoa epyacia bivoviaL JSieg oL TAnpogopleg ToOUL
agopovv Tn dour Tng ALBSopaLpag oTO XWPOo Tou ALYAioU AL TLg YUPw
TMEPLOXES HE Pdon Tnv MATAVOUN TwV TAXUVTHTWYV Twv Ot LOULAUWV
MOPGETWY, TNV HATAVOUY TNg mwuxvéTnIag maAl Tnv andéoBeon Twv
CELONLHUV MUPdTWV. TLa T HEAETN Tng Dopng pe Bdon TLg TaxVTInTIEg
TwV OCELOULMWY MUUATWY EyLvav EPeuvVEG »ATAd Ta TeievTtala e({xooL
nuplwg xpdvia epapudfovtag pebddoug avdriaong nal dLdbiaong nabug
HAL TEXVIHEG AVTLOTPOPRG Twv Xpdvwv &Ladpoprg Twv OelOULHwY
nopdTwv. Oleg oL TAnpogopleg TOL TPOEPYXOVTAL ONS TLG EPEUVVEG
AUTEG XPNOLHUOMOLOUVTAL YLA TNV ®ATAOHELN Tov XdpTn Twv Babwv Tng
aouveéxelag Moho otnv meproyxy avtrh. TiveTtat emliang avaordmnon Twv
EPELVWV TOU aPopolVv OTO HAyvnTLxrd nal oto Papvtiund medio xat
QVAQPEPOVTAL CUUTMEPAETHATA YLA TNV x©ATaQvopn Tng munvétntag. TEAoG
oguvvop{ovtag Ta HUPLA AMOTEAECHATA TWV EPELVWV TOL EyLvav nHATd
Ta TerevTala MEVTE nLUpiwg XPSVLA YLA TOV LTOAOYLIHS Tou TAP&EYoOVTA
andéoBeong, Q, Twv OCELOHLHWY MUPEATWYV KAl TAPOLOLACEeTAl XEPTNG
XWPLHAG MATAVOUHRG Twv TLUDV Tou Tapdyovia autol gtnv evpVTEPN
mepLoxn Tou Aryaiou.
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INTRODUCTION

The structure of the Earth’s interior is the distribution
of specific physical quantities. These guantities characterize
the natural attributes of the materials which comprise the
unities of the Earth’s interior. In Geophysics the quantities
mostly studied are the density and the elastic constants of the
materials of the interior of the Earth.

Geophysics mainly studies the vertical variation of physical
constants, in order to give solutions to the problems of the
structure. This study of the vertical variation can also give
valuable information about the lateral heterogeneities.

The study of the structure contributes to the increase of
our knowledge about the condition of matter in different depths
of the Earth’s interior. This is due to the fact that the values
of elastic constants depend on the condition of the matter.

It is known that even using contemporary technology we are
not able to have rock samples from depths greater than 10-12 Xm
and we cannot study through them the conditions existing in those
depths (pressure, temperature, density, conductivity etc.)

Thus, the study of the Earth’s structure was based on
indirect observation and on the understanding the way in which
the shear and longitudinal waves propagate through the unities
which comprise the Earth’s interior.

U —— km/soc

Fig.l. The broad velocity-depth distribution in the earth as
deduced by Gutenberg (1959}.

Figure (1) depicts the variation of the propagation velocity
of the longitudinal waves P and shear waves S, in relation to the
depth of the Earth’'s interior, according to Gutenberg (1959). In
fig. (1) it is obvious that the velocity of the seismic waves
increases directly with the depth. In fig. (1) we can also see
that, there are intervals with normal variation of velocity and
intervals with sudden variation corresponding in both cases to
specific depths of the Earth’s interior. This sudden variation
of the velocity is called discontinuity of the velocity and
corresponds to a geophysical limit separating two unities of the
Earth’s interior, which have different structure.
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The Earth’s interior is divided into three basic unities.
These unities are separated by two main discontinuities of the
seismic waves velocity and are called the crust, the mantle and
the core of the Earth. The first of the two discontinuities,
which separates the crust from the mantle is called Mohorovicic
discontinuity or Moho or discontinuity "M". This discontinuity
has been observed at a mean depth of about 35 km.

The second discontinuity is the geophysical limit between
the mantle and the core of the Earth and is called discontinuity
Gutenberg. This discontinuity was observed at a depth of 2900 km.
Both Moho and Gutenberg are called first order discontinuities.
Bll other discontinuities which divide the three main unities
into smaller unities are called second order discontinuities. The
second order discontinuities are: 1) discontinuity Conrand, which
divides the crust into the granitic and the basaltic layer 2)
discontinuity Repetti which divides the mantle into the upper and
lower mantle and 3) discontinuity Lehman which divides the core
into the external and the internal core.

The development of DSS (Deep Seismic Soundings) projects
during the decade of 60’s and the relevant results of Soviet
scientists as well as the continuation of research during the
decade of 70’s did not change the scientific point of views
concerning the granitic and basaltic layers. If anything they
confirm it.

THE LITHOSPHERE IN SE EUROPE

Several models have been proposed for the explanation of the
lithoshperic structure in SE Europe. All these models and
proposals use as a reference point the subduction of the African
plate under the Begean and the associated phenomena (Papazachos
and Comninakis, 1969, 1971; Papazachos and Delibasis, 1969;
McKenzie, 1970, 1972, 1978; Lort, 1971; Economides, 1972; Agarval
et al., 1976; Papazachos, 1976; Gregersen, 1977; Le Pichon and
Angelier, 1979; Dewey and Sengor, 1979; Makropoulos and Burton,
1984; Meulenkamp et al., 1988; Wortel et al, 1990).

The Begean is considered to be a marginal sea with high vol-
canic activity (Georgalas, 1962), high heat flow (Jongsma, 1974),
magnetic anomalies (Voght and Higgs, 1969), positive isostatic
anomalies (Fleischer, 1964; Makris, 1976), high surface
seismicity (Galanopoulos, 1963; Comninakis, 1975; Papazachos,
1990) with mainly normal faulting (McKenzie, 1978) and strong
attenuation of the seismic energy towards the inner (concave)
part of the Hellenic arc (Papazachos and Comninakis, 1971;
Delibasis, 1982; Tassos, 1984). Other researchers have proposed
different (e.g. Makris, 1976) or complementary (Taymaz et al.,
1991) causes, beside the subduction, for the explanation of the
geophysical properties of southern Aegean.

For the northern BAegean, the thin (25-30Km) crust
(Panagiotopoulos, 1984; Brooks and Kiriakidis, 1986; Chailas et
al., 1992), in connection with recent tomographic images (Babuska
et al., 1987; Spakman, 1986, Spakman et al., 1992), other
geophysical studies (Spasov and Botev, 1987; Shanov et al., 1992)
and geochemical data (Soldatos and Christofidis, 1986), suggests
the existence of a paleosubduction in this area.
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The average thickness of the lithosphere in SE Europe has
been calculated to be around 80-90Km (Papazachos et al., 1967;
Papazachos, 1969; Papazachos and Comninakis, 1971; Mayer-Rossa
and Mueller, 1973). There seems to be a thickening of the
lithosphere from 30Km in the area of Crete to 120Km in the area
of northern Greece (Calganile et al., 1982). Further north, the
lithosphere 1is probably reaching a thickness of 140-150Km
(southern Bulgaria) but it is then thinning to 100~120Km towards
northern Bulgaria and Black Sea (Babuska et al., 1986; Shanov et
al., 1989) and to 90Km to 110Km towards Ionian and Adriatic Sea
(Calganile et al., 1982). Some researches suggest that the
lithosphere-asthenosphere discontinuity is identified by the
existence of a low-velocity (LVL) layer in S (Papazachos , 1969)
or P (Mayer-~Rossa and Mueller, 1973) waves. Another LVL possibly
exists deeper in the asthenosphere, below 150-160Km (Mayer-Rosa,
1974; Martin, 1988).

Tomographic images using the inversion method (Spakman,
1986, 1988; Spakman et al., 1988) suggest that the dipping
lithosphere, in the southern BAegean, 1s appearing as a high
velocity zone, dipping as far as B800Km in the low velocity
material of the asthenosphere. This image of the subducting
lithosphere 1is confirmed by other studies using the same
(Drakatos, 1989; Ligdas et al., 1990) or different methods
(Gregersen and Jaeger, 1984; Hashida et al, 1988; Tassos et al.,
1989).

VELOCITY STRUCTURE

The crust in SE Europe

The crust in this area is strongly affected by the tectonic
processes. The first systematic study of the crust was that of
Papazachos et al.(1966) where an average crustal thickness of
42Km and a P velocity of 7.87Km/sec were determined using direct
and refracted waves. Grigorova and Sokerova (1967) found
thicknesses between 35 and 51Km in two cross-sections in Bulgaria
and northern Greece using the same kind of data and Papazachos
et al. (1967) and Papazachos (1969) determined crustal thickness
between 35 and 45Km for SE Europe using surface waves dispersion
data. Similar average thickness (34-39Km) was determined for
Greece and the BARegean area, using the same kind of data, by
Calganile et al.(1982).

Makris, in a series of papers (Makris, 1972, 1973, 1975,
1976, 1977, 1978a,b; Makris and Moller, 1977; Makris and Vees,
1977; Makris et al., 1977), presented the results of his
researches, using travel times from explosions. He calculated
average crustal thicknesses of 30 and 44Km for the Aegean and the
Hellinides mountailn range, respectively and found a thinning of
the crust around 20-25Km in the Cretan Sea (fig. 2). He also
presented the first Moho-depth map of Greece using a joint
interpretation of velocity and gravity data. Later studies using
the same methodology (Delibasis et al., 1988; vVoulgaris, 1991)
found similar results.

Panagiotopoulos (1984) and Panagiotopoulos and Papazachos
(1985) determined the crustal thickness under 50 seismological
stations of SE Europe. They found thicknesses of 38-45Km for
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Fig.2. Schematic crustal section across the Greek area. The
velocities of P-waves in the sedimentary, the granitic and
the basaltic layers, and below the Moho are % =2.5-
5.3Km/sec, % =5.4-6.0Km/sec, % =6.2-7.1Km/sec and h =7.7=
7.9Km/sec, respectlvely (Makrls, 1977).
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Fig.3. Schematic crustal sections across the E-W direction in
northern part (A-B) and southern part (C-D), of Southern
Balkan region. The velocities of P-waves %, %M
correspond to the sedimentary, granitic and basalglc faye
and below the Moho (Panagiotopoulos, 1984).

western Greece and Albania, 30-35Km for southern RAegean, central
Greece, southern Yugoslavia and Minor Asia and 24-30Km for the
Rhodope massif (fig. 3). The average crustal thickness they
determined was around 31Km.

Drakatos (1989) and Drakatos and Drakopoulos (1991) used the
inversion method for the determination of the 3D structure in the
Aegean and surrounding areas. They found that low velocities
dominate central Greece and Minor Asia, whereas high ones exist
in southern RAegean and the Ionian Sea. The same method was
applied by Drakatos (1987) and Drakatos et al. (1989) for the
central part of northern Greece, Drakatos et al.(1988) for the
Axios basin, and Martin (1988) for Peloponnese. These studies
revealed a strong correlation of the local surface geology with
the velocity anomalies of the upper layers (first 15Km),
resulting in low velocities for the tectonically active areas and
the sedimentary basins. The latter researcher found an average
crustal thickness for the Peloponnese area equal to 40 km.

Important studies have been performed in the eastern
Mediterranean and in the Ionian basin. The average crustal
thickness is around 20Km (Ewing and Ewing, 1959; Hinz, 1974; Payo
1967, 1969;Lort et al., 1974; Comninakis and Papazachos, 1976;
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Makris et al., 1983). The crust is thickening towards the
northern part of the Ionian basin and the Adriatic Sea to 22-28Km
(Dragasevic, 1974; Locardi and Nicolich, 1988). In the southern
Dinarides (eastern coasts of south Yugoslavia and Albania}, it
is around 43-48Km, reaching its peak value in north-eastern
Albania (Dragasevic, 1974; Calganile et al., 1982).

For the area of Bulgaria, Shanov and Kostadinov (1992) used
all the previously published data (DSS, seismological, gravity,
etc.) and presented the structure of the crust and the upper
mantle in the area. According to these researchers, the crust
reaches a maximum thickness of 50Km in the south-western Bulgaria
but it is constantly thinning mainly towards the Black Sea up to
28-30Km.

In figure (4), a map is presented for the crustal thickness
where all the available velocity-structure data have been used
(Papazachos, 1993}, including the results of some local studies,
not mentiocned previously (Volvovsky et al., 1991; Ezen, 1991a,b),
as well as results from other kind of geophysical data (gravity
etc.). We observe that, in agreement with the theory of isostasy,
we have a thick crust (40-45Km) under the southern Dinarides and
the Hellinides up to the central Peloponnese. A thinning of the
crust (20-25Km) 1is observed in the southern Aegean (Cretan Sea)
probably caused by the rise of hot material due to the existing
subduction. A similar thinning is observed above the neighbouring
Tyrrenean Benioff zone where the crust is thinning localy up to
10Km (Nicolich, 1988; Locardi and Nicolich, 1988). A smaller
thinning (25Km) is observed along the north Aegean trough, as
also confirmed by gravity data (Brooks and Kiriakidis, 1986). The
average thickness for the rest BAegean area is around 30Km.
Towards the inner part of the Balkan peninsula the crust is
around 35-40Km thick. On the other hand, in the area of the
Ionian Sea the crust is quite thin (20Km).

250 450

4-50
_250 o a -250
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Fig.4. Moho depth map of Greece and surrounding areas
(Papazachos 1993).
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The Conrad discontinuity seems to be present throughout the
whole SE Europe. The available data show that it exhibits the
same behaviour as the Moho. The thickness of the overlying
granitic layer is approximately 1.5 to 2 times the thickness of
the underlying basaltic layer (fig. 2,3) In some cases, the.
velocity above and below the Conrad is practically the same and
therefore it could be ommited without affecting the results of
the corresponding studies (e.g. Grigorova and Sokerova, 1967).
Also, in some cases a gradual velocity increase without a clear
Conrad discontinuity can interpret the travel-time data. However,
the clear P, arrivals in the Hellinides (Papazachos et al.,
1966; Makris, 1977) show the presence of the Conrad. The
situation is different in the crust of Eastern Mediterranean
where there is weak evidence about the existence of a thin (3Km)
granitic layer (Moskalenko, 1966; Finettli and Morelli, .1973;
Makris et al., 1983) but its existence quite probable only in the
Ionian basin (Weigel and Hinz, 1970; Hinz, 1974). This layer is
explained by the previous researchers as the extention of the
respective layer of the African lithosphere.

The P velocity for the whole area seems to be constantly
around 7.718.0Km/sec (Papazachos et al., 1967; Makris, 1977,
Panagiotopoulos, 1984). This value is increased in the Ionian
basin up to 8.1Km/sec (Ewing and Ewing, 1959; Hinz, 1974; Makris,
et al. 1983) and it is keeping this higher value in the eastern
part of southern Italy (Steinmetz et al., 1983). The granitic
layer is also showing a consistency about its P_ velocity which
is around 6.0-6.2Km/sec (Makris, 1977; Panagiotopoulos, 1984) but
lower and higher values have been reported (e.g. Grigorova and
Sokerova, 1967). Sonic Logs of deep drillings in north-eastern
Greece have shown that the velocity in the metamorphic basement,
which is considered to be the top of the granitic layer, is quite
constant around 6.0-6.3 Km/sec although this basement is strongly
differenciated (Sousounis, 1993). This value increases with depth
up to 6.4-6.6Km/sec at the Conrad discontinuity (Makris, 1977;
Volvovsky et al., 1991). On the other hand the situation is guite
different for the basaltic layer. The P, velocity shows a large
variation with an average value around 6.7-6.9Km/sec. For the top
of this layer, the velocity is guite low (e.g. 6.4Km/sec, Makris,
1977) but values as high as 7.1Km/sec (Volvovsky et al., 1991)
have been reported. In its deeper parts it approximates the P,
velocity (e.g. Makris, 1977; Voulgaris, 1991). The main
difficulty with the P, velocity is that the corresponding waves
are observed as first arrivals only for a small distance range
around 120-140Km or not observed at all (Panagiotopoulos, 1984).

Very little information exists for S wave velocities or den-
sities. Usually they are calculated from P velocities using a
Vp,/V, ratio and Nafe-Drake’s or Birch’s law. The average S
velocities for the whole SE Europe are 3.3-3.4Km/sec, 3.55-
3/75Km/sec and 4.3-4.4Km/sec for the granitic, basaltic and upper
mantle layers, respectively (Papazachos, 1969; Martin, 1988;
Ezen, 199la,b). The corresponding densities are about 2.7-
2.82gr/cm’, 2.9-3.0gr/cm® and 3.30-3.37gr/cm® (Papazachos, 1969;
Makris, 1977).

There are indications that there is a low velocity crustal
layer, at least locally, in SE Europe. Scordilis (1985) found for
the Serbomacedonian massif an increase of the Poisson ratio to
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1.78 (from 1.75 of the overlying and underlying layers) for
seismic waves arriving at distances between 70 and 100Km {(depths
of 10-15Km) which he interpreted as evidence for a possible low
velocity layer in the crust of this area.

The sedimentary layer in Greece

The sedimentary layer in Greece shows a great complexity.
Its peculiarity is due to the fact that it is locally confined
and not globally present as the granitic and basaltic layers. The
most important results are those from seismic prospecting due to
their high resolution, especially when combined with deep
drilling data.

For northern Regean the most important results are those of
Lalechos and Savoyat (1977), Lalechos (1986), Martin (1987) and
Mascle and Martin (1990} who used seismic prospecting and deep
drilling data. Their results, together with some other local
studies, wich were based on a variety of geophysical methods
{Memou, 1983; Thanassoulas et al., 1987; Kiriakidis et al., 1988;
Kiriakidis, 1989; Maltezou et al., 1990; Loukoyiannakis et al.,
1990; Sousounis, 1993; Roussos, 1993, pers.comm.) show that the
average thickness of the Neogene sedimentary layer is quite high
(around 2-3Xm). Below the Axios basin, the Thermaikos gulf and
the Limnos area there are thick Paleogene sediments. Locally
(Prinos-Nestos basin, Orestias basin) the sediments are thicker
than 4Km. The average velocities are 2.4-2.8Km/sec for the
Neogene and 3.5-3.8Km/sec for the Paleogene sediments reaching
4.1Km/sec in its deeper parts (Martin, 1987; Roussos, 1993,
pers.comm. ).

For the area of central and southern Regean, important are
the studies of Martin (1987) and Mascle and Martin (1990). Using
her seismic profiles and the corresponding velocities for the
Neogene sediments, which dominate in the area, we calculated an
average thickness of 1.5-2.5Km for the sedimentary layer.
However, this layer is locally confined in various basins. The
same researcher calculated the depth of sediments in various
basins in Cyclades islands and found mean values around 1.5Km.
In Myrtoon Sea the sediments reach a maximum depth of 3-4Km
{Publ.Petr.Comp., 1993, pers.comm.)

The structure of the sedimentary layer in the outer
sedimentary arc is very different. The main study for the
structure of this layer in western Greece was made by Monopolis
and Bruneton (1982) who used off-shore seismic profiles and deep
drillings and studied the whole area from Corfu island up to
Kiparissia gulf. Other studies in the same area (Nikolaou, 1986;
Kamberis, 1987; Voulgaris, 1991) as well as recent seismic
prospecting results (Marnellis, 1993, pers.comm.) completed an
initial image for this area. It seems that the Plioguaternary
sediments have low velocities and densities {(2-3.9Km/sec and 2-
2.6gr/cm’) and correspond to the sedimentary layer that other
seismological researches found in the area (Makris, 1977;
Delibasis et al., 1988). Below this formation the Eocene-Jurassic
limestones have a 3-6Km thicknes and a high velocity (around
6.2Km/sec) and therefore they are included in the granitic layer.
Under the limestones, a 1-5Km thick Triassic evapotitic layer
exists which is identified as a LVL (e.g. Voulgaris, 1991) due
to its small velocity (5.2-5.5Km/sec, Marnellis, 1993,
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pers.comm. ). The sedimentary layer, west of the Ionian islands,
is generally around 2-4Km and reaches its peak value, around 5-
7Km, between the Ionian islands and the Greek mainland although
locally it is guite thinner. Further inland the sediments seem
to have a smaller thickness but almost no seismic prospecting -
data are available due to the lack of hydrocarbon interest.

This structure continues along the whole outer Greek arc
{Rousos, 1993, pers.comm.). Makris (1977) found a 1 to 1.5Km
thickness for the sediments on Crete (fig. 2). He also observed
a thickness of the sediments up to 3Km just above the crustal
thinning in the Cretean Sea, as was also confirmed by airgun
measurements (Jongsma, 1974). For the rest paris of Greece little
information exist about the sedimentary layer. In the Thessaly
basin the maximum thickness is around 750-1000m (Fytikas, 1993,
pers.comm. ). Seismic prospecting studies in Argos-Orestiko area
(Publ. Petr. Comp., 1993, pers.comm.) show a sediments’ depth
varying from 500 to 2000m.

The Eastern Mediterranean is characterised by an extra thick
sedimentary layer. The unconsolidated sediments have a thickness
of 500-1500m (Gaskell et al., 1958; Moskalenko, 1966; Wong and
Zarudski, 1969; Lort et al., 1974; Hinz, 1974; Comninakis and
Papazachos, 1976; Makris et al., 1983). Below this layer, a layer
with a varying thickness (1-9Km) and P velocity around 3.5-
4.0Km/sec (Hinz, 1974; Lort et al., 1974) appears, followed by
another layer with P velocity of 4.4-5.2Km/sec and an average
thickness of 4-5Km. The mean thickness for the whole sedimentary
layer is 7 to 12Km.

DENSITY STRUCTURE

Results of gravimetric campaigns in the major Greek
territory have been reported by many researchers. The oldest one
is due to Vening Meinesz (1932). All these papers are refered in
the review of Papazachos et al. (1987).

With respect to morphology and Bouguer anomaly, Rabinowitz
and Ryan {1970) were the first to observe that an excellent
resemblance occurs between the Hellenic trough and others
occurred elsewhere all over the world. Allan and Morelli (1971),
Makris (1972, 1973, 1977 and 1978a,b), Finetti and Morelli
(1973), Morelli et al., (1975) and Makris and Moller (1977)
conducted systematic surveys offshore and onshore. These results
were used by the I.G.M.E. and the University of Hamburg for the
compilation of the first map of Bouguer anomaly in Greece. The
free air and Bouguer maps in Eastern Mediterranean were also
constructed.

The lithosphere subducted beneath the Aegean was modelled
by Gregersen and Jaeger (1984) who also tried to fit the produced
anomaly to the observed one. Several small scale gravimetric
surveys were conducted by I.G.M.E. and the Public Petroleum
Company of Greece for various purposes ( oil and gas exploration,
prospecting for hydrothermal fluids, etc.).

Such kind of surveys were carried out in Grevena and
Kastoria (Papanikolaou, 1961}, in the basin of Thessaloniki
(Stavrou 1961), the basin of Nestos river (Stamou, 1977) and in
Milos and Kimolos (Thanassoulas, 1983a; Tsokas, 1985). Kiriakidis
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{1984) measured some profiles striking perpendicular to the
ophiolitic belt of Axios basin.

Fig.5. Map showing the variation of the Moho depth (in Km),
(Chailas et al., 1992).

Using the existing gravity data along with others
(aeromagnetic, seismic profiles, borehole logs, ete.);
Loukoyannakis (1981) and Thanassoulas (1983b) studied the
structure of Nestos and Anthemounta basin, respectively. Along
the same baselines, Memou (1983), Maltezou (1986) and
Thanassoulas (1979) studied the Strymon basin and the Rhodope
massif, respectively. Thanassoulas et al. (1987), Thanassoulas
and Tsokas (1987), Kiriakidis et. al. (1988} constructed the
model of the Nestos sedimentary basin. Also Kiriakidis (1989}
studied the ophiclitic belt of Axios basin and constructed models
of that basin which were deduced from gravity data.

On the basis of spectral analysis of the Bouguer anomaly
data Tselentis et al. (1988a) presented a calculation of Moho
depth in Epirus. All the known gravimetric data either on-shore
or off-shore were combined for the compilation of a new Bouguer
anomaly map of the Hellenic peninsula (Lagios et al., 1988).
These data were used by Chailas et al. (1992) in order to
calculate the Moho depths employing isostatic concepts, shown in
figure 5. As it can be seen from that figure, thick crust of up
to 40 Km exists along the mainland of Greece up to Peloponnese
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and in Creete island, while the crust is thin at south Aegean,
at the northern Aegean trough and at the eastern Mediterranean.
All the other region is characterized by normal crust with mean
thickness of about 30 Km.

ATTENUATION STRUCTURE

The attenuation of the seismic waves is a physical property
of great importance closely related to the deep tectonics of an
area. Therefore the studies on the attenuation structure of the
crust and upper mantle have been intensified in the last years.
One of the most important parameters in describing the
attenuation is the seismic quality factor, Q , which has low
values when the attenuation is high and large values when the
attenuation is low.

The attenuation structure of the Aegean and the surrounding
area is rather complicated, as is expected for an area with
active tectonics where a subduction is taking place. The first
observation concerning the attenuation characteristics of the
area was made by Papazachos and Comninakis (1971) who compared
the seismograms of an intermediate depth earthquake occurred in
the southern Aegean and recorded at the stations PRK and VAM,
northwards and southwards from the epicenter, respectively. The
eathquake was recorded at PRK with much smaller amplitude than
at VAM and they attributed this difference to the existence of
a highly attenuative upper mantle at the southern Aegean region,
a result of the subduction of the African plate under the Regean
lithosphere. The same interpretation was also given by Agarwal
et al. (1976) and Gregersen (1977) who used travel time residuals
to study the deep structure of the southern Aegean and by
Delibasis (1982} who studied the attenuation of the seismic waves
in the southern BAegean by comparing recorded amplitudes at
different seismological stations for seismic rays passing
through the S. Aegean.

Studies concerning the estimation of the quality factor, Q
, in the Aegean and surrounding area have been made mainly in the
last five years by using various methods. Hashida et al (1988}
by inversion of seismic intensity data studied the three
dimensional attenuation structure of the area. Assuming that the
representative frequency of the seismic waves causing the damages
is around 1 Hz, they found Q  values ranging from 60 to about 800
for the crust (upper 40 Km) and they observed that low Q 1is
dominant in the Aegean sea while high Q is dominant in the
surrounding land areas.In the upper mantle the high Q (Q around
1000) zones along the Hellenic arc correspond to the subducting
African plate and the low Q areas (Q around 40) are in the inner
part of the arc. Kovachev et al. (1991) by using OBS data and
comparing theoretical S§ wave amplitude curves versus distance
with the observed ones found Q  values between 200 to 300 for
frequency of 8 Hz. The earthquakes occurred at the SE part of the
Hellenic arc (between western Crete and Rhodos island) and most
of the had focal depths between 1 and 25 Km while a few had
depths between 25 and 200 Km, with M magnitudes between 1 and 4
and epicentral distances of 10 o 300 Km. Therefore the
calculated Q values represent an average of the crust and the
uppermost part of the mantle for that region.
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e 1. Information on the date, time , geographic coordinates of the
epicenter, focal depth, h, and the magnitude, M, of the
earthquakes used for the estimation of Q_ using acceleration
data, the code of the accelerograph station, the epicentral
distance, D, and the estimated Qs value at a mean frequency of
5Hz {(Hatzidimitriou et al., 1993}).

Date Time Lat. Lon. h M Station D Q
20 Jun. 1978 20:03:24 40.71 23.27 10 S.b THE78-1 30 83
GEV78-1 80 298

11 Aug. 1980 09:15:59 39.30 22.82 3 4.8 ALMBO-4 15 87
26 Sep. 1980 04:19:18 30.24 22.74 2 4.4 ALMBO-5 7 55
17 Jan. 1983 12:41:31 37.96 20.23 6 6.1 AGR83-1 128 233
LEF83-1 105 148

ARGB83-1 33 121

17 Jan. 1983 16:53:30 38.11 20.37 8 4.9 ARGB3-3 13 37
31 Jan. 1983 15:27:02 38.14 20.45 5 5.2 ARGB3-6 6 33
ZAKB3-1 56 136

20 Feb. 1983 12:42:29 37.76 21.11 2 4.9 ZAKB3-2 19 49
16 Mar. 1983 21:19:39 38.80 20.88 1 4.9 LEF83-2 16 32
23 Mar. 1983 23:51:07 38.22 20.35 1 5.6 ZAK83-3 68 186
LEF83-4 75 125

ARG83-7 13 115

6 Aug. 1983 15:43:53 40.09 24.78 12 5.9 POL83-1 119 322
IER83-2 85 364

26 Aug. 1983 12:52:10 40.47 23.96 3 4.4 OUR83-2 16 82
19 Feb. 1984 03:47:22 40.61 23.40 8 4.2 POLB4-1 25 204
4 Oct. 1984 10:15:12 37.64 20.85 14 4.5 ZAKB84-1 18 117
25 Oct. 1984 09:49:16 36.83 21.72 11 4.7 KYpB84-2 47 196
PELB4-1 27 188

22 Mar. 1985 20:37:39 38.98 21.11 2 4.0 AMF85-3 14 68
22 Mar. 1985 20:38:54 38.91 21.06 7 4.1 AMFB5-4 12 116
9 Nov. 1985 23:30:43 41.26 24.02 12 5.0 DRA85-1 17 122
13 Sep. 1986 17:24:34 37.11 22.14 8 5.5 KAL86-1 9 37
15 Sep. 1986 11:41:30 37.04 22.13 8 4.9 KALB6-7 il 30

KALB6-2 1 34
MES86-1 10 40
21 Dec. 1990 06:57:22 40.93 22.37 10 5.1 EDE90-1 32 76
KIL90-1 42 178
ABS90-2 70 206

e 2. Information on the calculated Q and n values of the relation
Q;@ £f", where Q. is the coda Q v&iues and f is frequency for
different lapse time windows.

e time window Q, n Ref.

- 20 sec 35.748.30 0.96+0.10 1

- 30 sec 60.0+0.83 0.79+40.01 1

- 45 sec 89.1+2.67 0.7240.02 1

- 60 sec 94.4+4.13 0.78+40.03 1

- 100 sec 128.5+5.09 0.7440.02 1

- 73.4434.8 0.95+0.11 2

- 43.045.0 0.8140.17 3

References: 1. Hatzidimitriou, 1993; 2. Martin, 1988; 3. Tselentis et

1988b.

al.,
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Table 3. Information on the date,the geographic coordinates of
the epicenter, the magnitude, M, the mean distance of the
macroseismic data from the epicenter and the estimated Q
value at frequency of 1 Hz (Papazachos 1992).

No Date Lat. Lon. M, Dist. (o}
1 21 Oct 1953 38.60 20.96 6.3 113.9 234
2 19 Apr 1955 39.37 23.00 6.2 104.2 397
3 21 Apr 1955 39.31 23.12 5.8 105.5 269
4 16 Jul 1955 37.55 27.05 6.9 115.6 316
5 09 Jul 1956 36.64 25.96 7.5 153.8 152
6 25 Apr 1957 36.55 28.80 7.2 170.0 361
7 27 Bug 1958 37.40 21.00 6.4 126.7 553
8 14 May 1959 35.00 24.73 6.3 110.3 ZLil
9 15 Nov 1959 37.78 20.53 6.8 176.7 397

10 10 Apr 1962 37.80 20.10 6.3 141.7 448

11 06 Jul 1962 37.81 20.20 6.1 102.9 359

12 29 papr 1964 39.12 23.64 5.6 121.4 313

13 05 Apr 1965 37.48 21.88 6.1 1 X@ =37 326

14 09 Apr 1965 35.03 24.31 6.1 111.6 286

15 06 Jul 1965 38.27 22.30 6.3 107.8 405

16 20 Dec 1965 40.48 25.00 5.6 111.3 276

17 19 Feb 1968 39.50 25.00 7.1 224.9 228

18 29 Nov 1973 35.18 23.75 6.0 163.0 301

19 14 Jun 1979 38.74 26.50 5.9 100.9 649

20 09 Jul 1980 39.27 22.83 6.5 111.0 279

21 24 Feb 1981 38.07 23.00 6.7 100.9 227

22 18 Jan 1982 39.78 24.50 7.0 123.9 340

23 25 Mar 1986 38.38 25.13 5.7 110.9 781

Papazachos (1992) by using a large amount of macroseismic
data and taking into account the anisotropic radiation pattern
of each earthquake calculated the attenuation coefficient for 92
shallow earthquakes occurred in the Aegean and the surrounding
area from 1912 to 1989. By assuming that the dominant frequency
of the S waves is around 1 Hz an average Q  for the upper 20 Km
of the crust equal to 350 + 140 has been estimated.

Hatzidimitriou et al. (1993) using strong motion
accelerograms from 21 earthquakes occurred between 1978 and 1990
in the area of Greece, calculated Q_ values by the spectral
decay of the log spectrum of the acceferograms for frequencies
between 4 and 10 Hz and epicentral distances between 1 and 128
Xm. They interpreted the
calculated Q_ values as due to a highly attenuative surface
sedimentary layer with 3 Km thickness and a Q, value of 30
overlaying a halfspace with Q_ equal to 600.

Additional research for the estimation of the Q factor has
been also made by using the properties of the coda waves and by
applying the single S to S backscattering model of Aki and Chouet
(1975). By using data of local earthquakes occurred in
Peloponnese and recorded by four digital stations, Martin {1988)
calculated coda Q, (Q.), values for frequencies between 1.5 Hz
and 24 Hz. The relation found between the coda Q and the
frequency was Q;ﬂ3fm%. For the same area Tselentis et al.
(1988b) found the relation Q=44f%%" using data of nine
aftershocks of the 1986 Kalamata earthquake.
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Baskoutas et al. (1992) using analog recordings of Athens
Seismological Station found a mean Q. equal to 182 + 77 for the
frequency of 1 Hz for earthquakes occurred at distances up to 200
Km with magnitudes 3.7 to 5.2 .

Hatzidimitriou (1993) estimated coda Q wvalues for local
earthquakes occurred in northern Greece during the period 1983-
1989 and recorded by the telemetric network of the Geophysical
Laboratory of the University of Thessaloniki. Coda Q estimations
were made for four frequency bands centered at 1.5 Hz, 3.0 Hz,
6.0 Hz and 12.0 Hz and for the lapse time windows 10-20 sec, 15-
30 sec, 20-45 sec, 30-60 sec and 50-100 sec. The coda Q values
obtained show a clear frequency dependence of the form Q_=Q kil
while Q, and n depend on the lapse time window . Q, was found
equal to 36 and n equal to 0.96 for the time window of 10 to 20
sec, while for the other windows Q, was increasing from 60 to
129, with n being stable, close to 0.75 . This lapse time
dependence was interpreted as due to a depth dependent
attenuation while the high attenuation and the strong freqguency
dependence found are characteristic of an area with high
seismicity, in agreement with studies in other seismic regions.,

Finally, the Q factor has been estimated using reflection
seismics by Loucoyiannakis et al. (1989) along a line 120 Km
long starting from Toroneos gulf in Chalkidiki and terminating
in North Sporades Basin. They found Q values between 500 and 1000
for the upper 13 Km of the crust for frequencies between 12.5 and
50 Hz.
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Fig.6. Plot of the calculated 0! values in the area of Greece,
reduced at frequency of 1 Hz, versus distance. Circles
denote Q. values calculated wusing acceleration data
(Hatzidimitriou et al. 1993), stars denote coda Q values
(Hatzidimitriou 1993) and diamonds denote Q values as
deduced from macroseismic data (Papazachos 1992). The solid
line 1is a least spuares fit to the data of the relation
Q1=0.00093+0.77246D7!
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In Tables 1, 2 and 3 we give information on the Q values
which have been calculated by using acceleration data, coda waves
and intensity data, respectively.

As it is known (Herraiz and Espinoza, 1987) the Q values of
the seismic waves depend on the frequency and the hypocentral
distance. Therefore in order to be able to compare the Q wvalues
from various regions we have to correct for these two factors.
In figure (6) we plotted all the Q! values which have been
calculated for the area of Greece and for which information is

given on the fregquencies and the distances used, versus
distance. All values are reduced at freguency of 1 Hz. Circles
denote the Q. values which have been calculated using

acceleration data (Hatzidimitriou et al. 1993) plotted versus
hypocentral distance. These values have been calculated for
frequencies between 3 and 8 Hz and therefore we assumed a mean
frequency of 5 Hz. The reduction of the Q, values at 1 Hz was
made by assuming that the frequency dependence of the @, is
similar to that of the coda waves (Aki 1981), according to’the
law Q=Q f", and by taking n equal to 0.75 (Hatzidimitriou, 1993).
Asterisks denote Q values estimated for northern Greece
(Hatzidimitriou 1993) and the distance used is derived from the
lapse time over which the Q, was estimated assuming an S wave
velocity equal to 3.5 Km/sec. Diamonds denote Q values estimated
by using intensity data (Papazachos 1992) plotted versus the mean
distances of the used macroseismic data. As we see from that
figure there is a systematic decrease of the attenuation with
distance. The solid line represents 2 least square’s fit to the
data according to the relation Q%' = A + B.D!, where D is
distance. The values of A and B found where A“0.000QB and
B=0.77246. We see that the Q values deduced from intensity data
data are in good agreement with the Q  and Q_values even though
they show systematically lower attenuation than the average while
the Q, and Q. values have the same scattering at small and big
distances.

It is clear from figure (6) that the Q values that have been
calculated for the area of Greece cannot be compared and
therefore a regionalization is not possible because they have
been calculated for a wide range of distances which means that
they reflect attenuation characteristics of different parts of
the lithosphere. Obviously more research is needed for the Q
regionalization by using homogenecus data sets and paying special
attention to the frequency and distance dependence of the Q
factor.

ACKNOWLEDGMENTS
The authors are grateful to Prof.B.C.Papazachos for his
encouragement and critical comments. This work has been supported
by the EEC project EPOC-CT91-0043.
REFERENCES

Allan,T.D., Charnock,H. and Morelli,C., (1964). Gravity and depth
surveys in the Mediterranean and Red Sea. Nature, 204,

541
WYnoeiakA BiBAI0BAKN OgdppaoTos - TuAua MewAoyiag. A.lM.O.



1245-1248.

Allan,T.D. and Morelli,C.A., (1971). A geophysical study of the
Mediterranean sea. Boll. Geof. Teor. ed Appl., 13, 99-142.

Agarwal,N.K., Jaccby,W.R. and Berckhemer, H., (1976). Teleseismic -
P-waves travel time residuals and deep structure of the
Begean sea region. Tectonophysics, 31, 33-57.

Rki,X., (1981). Scattering and attenuation of high frequency body
waves (1-25 Hz) in the lithosphere. Phys. Earth Planet.
Interiors 241-243.

ARki, X. and Chouet, B. (1975). Origin of coda waves:
source, attenuation and scattering effects. J.Geophys.Res.
80,3322-3342.

Baskoutas,I., Drakopoulos,I. and Makropoulos,K., (1992). Coda
wave analysis using analog data of Athens seismological
station. 6th Congress Geological Soc. Greece, Athens. (in

Greek)

Babuska,V., Plomerova,J. and Spassov,E., (1986). Lithosphere
thickness beneath the territory of Bulgaria - a model
derived from teleseismic P residuals. Geol. Balc., 16(5),
51-54.

Babuska,V., Plomerova,J. and Spassov,E., (1987). Deep structure
of the lithosphere beneath the territory of Bulgaria. Stud.
Geophys. Geod., 31, 266-283.

Brooks,M. and Kiriakidis,L., (1986). Subsidence of the north
Regean trough: an alternative view. J. Geol. Soc. London,
143, 23-27.

Calganile,G., D’Ingeo,F., Farrugia,P. and Panza,G.F., (1982}.

The lithosphere in the Central-Eastern Mediterranean area.
Pure and Appl. Geophys., 120, 389-406.

Chailas,S., Hipkin,R.G. and Lagios,E., (1992). Isostatic studies
in the Hellenides. Paper presented at the 6th Congress of
the Geological Society of Greece. 25-27 May 1992 Athens.
(in press).

Comninakis,P.E., (1975). A contribution to the investigation of
the seismicity of the area of Greece. Ph.D. Thesis, Univ.
of Athens, 110pp. (in Greek).

Comninakis,P.E. and Papazachos,B.C., (1976). A note on the
crustal structure of the eastern Mediterranean. Annali di
Geofisica, 29, 59-63.

Delibasis,N.D., (1982). Seismic wave attenuation in the upper
mantle beneath the Aegean, Pure and Appl. Geophys., 120,
820-839.

Delibasis,N., Makris,I. and Drakopoulos,J., (1988). Sesismic in-
vestigation of the crust and the upper mantle in western
Greece. Annal Geol. Pays Hell., 33, 69-83 (in Greek).

Dewey,J.F. and Sengor,A.M.C., (1979). BRAegean and surrounding
region: complex multiplate and continuum tectonics in a
convergent zone. Bull. Geol. Soc. Am., 90, 84-92.

Dragasevic,T., (1974). An outline of Geology of Yugoslavia. 26th
International Congress, Paris 1974, France.

Drakatos,G., (1987). Three-dimensional velocity structure beneath
the northwestern Regean sea (Greece). Bull. I.I.S.E.E., 23,
35-48.

Drakatos,G., (1989). Seismic tomography - determination of high
and low velocity =zones beneath Greece and surrounding
regions. Ph.D. Thesis, Univ. of Athens, 146pp. (in Greek).

542
WYnoeiakn BiBAI0BAKN Oed@pacTog - TuAua MewAoyiag. A.lNM.O.



Drakatos,G., Latoussakis,J., Stavrakakis,G., Papanastassiou,D.,
Drakopoulos,J. and Bourboulis,A., (1988). Examination of a
velocity model using 3-D velocity structure technique.
Workshop on induced seismicity and associated phenomena,
Czech. Ac. Sci., Liblice, Czechoslovakia.

Drakatog,G., Latoussakis,J., Stavrakakis,G., Papanastasiou,D.,
Drakopoulos,J., (1989). e-Dimensional velocity structure of
the North-Central Greece from inversion of travel times.
Proc. of 3rd Conf. of the Geological Society of Greece.

Drakatos,G. and Drakopoulos,J., (1991). 3-D velocity structure
beneath the crust and upper mantle of the Aegean sea
region. Pure and Appl. Geophys., 135(3), 401-420.

Economides,A.C., (1972). Research on travel time residuals of P-
waves recorded at the stations of Greek seismological net-
work. Ph.D. Thesis, Univ. of Athens (in Greek).

Ezen,U., (1991a). Crustal structure of western Turkey from
Rayleigh wave dispersion. Bull. I.I.S.E.E., 25, 1-21.
Ezen,U., (1991b). Surface wave dispersion and upper crustal

structure along N-S direction in western Turkey from Burdur
earthquake of 12 May 1971. Bull. I.I.S.E.E., 25, 39-59.

Ewing,J. and Ewing,M., (1959). Seismic refraction measurments in
the Atlantic ocean basins, in the Mediterranean sea, on the
mid-Atlantic ridge, and in the Norwegian sea. Bull. Geol.
Soc. Am., 70, 291-305.

Finetti,I. and Morelli,C., (1973). Geophysical exploration of
the eastern Mediterranean sea. Bollet. di Geofis. Teor. ed
Appl., 15, 262-341,

Fleischer,U., (1964). Schwerestorungen im ostlichen Mittelmeer:
nach Messungen mit einem Askania-Seegravimeter.
Deut.Hydrogr.Zh., 17(4).

Galanopoulos,A.G., (1963). On mapping of seismic activity in
Greece. Annali di Geofisica, 16, 37-100.

Gaskell,T.F., Hill,M.N. and Shallow,J.C., (1958). Seismic

measurments made by H.M.S.Challenger in the Atlantic,
Pasific and Indian Ocean and in the Mediterranean sea,
1950-53. Phil. Trans. Roy. Soc. London, A251, 28-83.
Georgalas,G., (1962). Catalogue of the active volcanoes and sil-
fatara fields in Greece. Int.Ass.Volcanol., Rome, Part 12.

Grerersen,S., (1977). P-wave travel time residuals caused by a
dipping plate in the Regean arc in Greece. Tectonophysics,
37, 83-93.

Gregersen,S. and Jaeger,W., (1984). The gravity field of a
dipping plate in Greece. Geophys. J. R. astr. Soc., 76,
439-443.

Grigorova,E. and Sokerova,D., (1967). A determination of the
depth of the Mohorovicic’s boundary in Bulgaria based on
body waves of near earthquakes. Proc. 9th Ass. Eur. Seism.
Com., Copenhagen, 1966, 39-42.

Gutenberg,B., (1959). Physics of the earth’s interior. Academic
Press, New York and London, 240pp.

Hashida,T., Stavrakakis,G. and Shimazaki,K., (1988). Three-
dimensional seismic attenuation structure beneath the
Regean region and its tectonic implication. Tectonophysics,

145, 43-54.
Hatzidimitriou,P.M., (1993), Attenuation of coda waves in
northern Greece. Pure Appl. Geophys., (in press).
543

WYnoeiakn BiBAI0BAKN Oed@pacTog - TuAua MewAoyiag. A.lNM.O.



Hatzidimitriou,P., Papazachos,C., Kiratzi,A. and
Theodoulidis,N., (1993), Estimation of attenuation
structure and local earthquake magnitude based on
acceleration records in Greece. Tectonophysics 217, 243-
253,

Herraiz,M. and Espinoza,A.F., {1987}, Coda waves: a review. Pure
Appl. Geophys. 125,499-577.

Hinz ,K., (1974). Results of seismic refraction and seilmic
reflection measurments in the Ionian sea. Geol. Jb., 24,
33-65.

Jongsma,D., (1974). Heat flow in the Aegean sea. Geophys. J. R.
astr. Soc., 37, 337-346.

Kamberis,E., {(1987). Geological and Petroleum geoclogy study of
NW Peloponessus, Ph.D. Thesis, Technical Univ. of Athens
(in Greek).

Kiriakidis,L., (1984). Geophysical studies of the eastern margin
of the Vardar zone in Central Macedonia, Greece. Ph.D.
thesis, Univ. of Wales, pp372.

Kiriakidis,L., {1989). The Vardar ophiolite: a continuous belt
under the Axios basin sediments. Geophys. J. Int., 98, 203-
212.

Kiriakidis,L., Loukoyiannakis,M. and Tsokas,G., (1988). The
basement morphology at the eastern sector of the Prinos -
Nestos oil bearing basin, N. Greece.

Kovachev,S.A., Kuzin,I.P., Shoda,0.Yu. and Soloviev,S.L.,
(1991), Attenuation of S-waves in the lithosphere of the
sea of Crete according to OBS observations. Phys. Earth
Planet. Interiors 69, 101-111.

Lagios,E., Hipkin,R.G., Nikolaou,S. and Angelopoulos,A., (1988).
Recompilation of the gravity anomaly map of Greece.
I.G.M.E., Athens, (in press).

Lalechos,N., (1986). Correlations and observations 1n molassic
sediments in onshore and offshore areas of northern Greece.
Hydrocarbon exploration, 42, 7-34.

Lalechos,N. et Savoyat,E., (1977). La sedimentation Neogene dans
le Fosse Nord Egeen. VI Colloguium on the Geology of the
Aegean Region, 11, 591-603.

Le Pichon,X. and Angelier,J., (1979). The Hellenic arc and
trench system: a key to the neotectonic evolution of the
eastern Mediterranean area. Tectonophysics, 60, 1-42.

Ligdas,C.N., Main,I.G. and Adams,R.D., (1990). 3-D structure of
the lithosphere in the Aegean sea region. Geophys. J. Int.,
102, 219-229.

Loucoyiannakis,M.Z., (198l1). A geophysical contribution in
investigating the geological structure of the Nestos river
delta, Greece. Ph.D. thesis, Univ. of Bucharest.

Loucoyiannakis,M., Kiriakidis,L. and Sousounis,G., (198%), The
estimation of seismic velocities and the attenuation
coefficient Q from seismic trace analysis. Application in
a marine sedimentary basin. Proc. lst Hellenic Geophysical
Congress, Athens, 19-21 April, 25-34.

Loucoyiannakis, M, Tsokas,G. and Moudrakis,D., (1990). A
Geological model of the south-west sector of Axios basin as
deduced by the interpretation of seismic reflection lines.
Bull. Geol. Soc. Greece, 25(3), 329-345.

Locardi,E. and Nicolich,R., (1988). Geodinamica del Tireno e

544

WYnoeiakA BiBAI0BAKN OgdppaoTog - TuAua MewAoyiag. A.MN.O.



dell’ Appennino centro-Meridionale: La nuova carta della
Moho. Mem. Soc. Geol. It., 00, 00-00.

Lort,J.M., (1971). The tectonics of the eastern Mediterannean:
A geophysical review. Rev. Geoph. Space Phys., 9, 189-216.

Lort,J.M., Limond,W.Q. and Gray,F., (1974). Preliminary seismic
studies in the eastern Mediterranean. Earth. Planet. Sci.
Letf., 21, 355=366.

Makris,J., (1972). Gravity and magnetic measurments on
Peloponessus, Attica and Kithera and their preliminary
interpretation. Proc. XXIIIe Congr. Ass. Plen. de la CIESM,
Athens, 1972.

Makris,J., (1973). Some geophysical aspects of the evolution of
the Hellenides. Bull. Geol. Soc. Greece, 10, 206-213,.

Makris,J., (1975). Crustal structure of the Aegean area and the
Hellenides obtained from geophysical surveys. J. Geoph.,
41, 441-443.

Makris,J., (1976). A dynamic model of the Hellenic arc deduced
from geophysical data. Tectonophysics, 36, 339-346.

Makris,J., (1977). Geophysical investigations in the Hellenides.
Geophys. Einzelschr., Hamburger, 34, pp.124.

Makris,J., (1978a). The crust and upper mantle of the Aegean
region from deep seismic soundings. Tectonophysics, 46,
269-284.

Makris,J., (1978b). A geophysical study of Greece based on deep
seismic sounding, gravity and magnetics. Alps, Apennines,
Hellenides (Closs, H., Roeder, D. and Schmidt, K. eds.),
Inter. Union Comm. Geodyn., 38, 392-401.

Makris,J. and Moller,L., (18%77). Geophysical studies of the
Chalkidiki ophiolites and their tectonic implications.
Proc. VI Coll. Geol. BRegean Region, 2, 623-643.

Makris,J. and Vees, R., (1977). Crustal structure of the ARegean
sea and the islands Evia and Crete, Greece, obtained by
refreactional seismic experiments. J. Geophys., 42, 329-
341.

Makris,J., Weigel ,W. and Koschyk,K., (1977). Seismic studies in
the Cretean sea. 3. Crustal models of the Cretean sea
deduced from refraction seismic measurments and gravity
data. Meteor. Forscungsergeb. Reihe C., 27, 31-43.

Makris,J., Abraham,Z.B., Behle,A., Ginzburg,A., Giese,P.,
Steinmetz,L., Whitmarsh,P.B. and Eleftheriou,S., (1983).
Seismic refraction profiles between Cyprus and Israel and
thelr interpretation. Geophys. J. R. astr. Soc., 75, 575-
591.

Makropoulos,K. and Burton,P.W., (1984). Greek tectonics and
seismicity. Tectonophysics, 46, 269-284.

Maltezou,F., (1986). Gravity and magnetic studies of the Rhodope
region, NE Greece. Ph.D. thesis, Univ. of Southampton.
273pp.

Maltezou,F., Loukoyiannakis, M. and Evgenis,D., (1990} .

Geophysical study of the structure of the upper crust in
the area of Orestias, Eastern Rhodope. Bull. Geol. Soc.
Greece, 25(3), 347-355.

Martin,L., (1987). Structure et evolution recente de la mer
egee: apports d’une etude par sismique reflexion. Ph.D.
Thesis, Univ. of Paris VI.

Martin,C., (1988), Geometrie et cinematique de la subduction

545
WYnoeiakn BiBAI0BAKN Oed@pacTog - TuAua MewAoyiag. A.lNM.O.



Egeenne structure en vitesse et en attenuation sous le
Peloponnese. These, Universite Joseph Fourier, Grenoble .

Mascle,J. and Martin,L., (1990). Shallow structure and recent
evolution of the Aegean sea: A synthesis based on
continuous reflection profiles. Marine Geology, 94, 271-
299.

Mayer-Rosa,D. and Mueller,St., (1973). The gross velocity-depth
distribution of P- and S-waves in the upper mantle of
Europe from earthquake observations. Z. Geophys., 39, 395-
410.

McKenzie,D.P., (1970). The plate tectonics of the Mediterranean
region. Nature, 226, 239-243.

McKenzie,D.P., (1972). Active tectonics of the Mediterranean
region. Geophys. J. R. astr. Soc., 30, 109-185.

McKenzie,D.P., (1978). Active tectonics of the Alpine-Himalayan
belt: the RAegean sea and surrounding regions. Geophys. J.
R. astr. Soc., 55, 217-254.

Memou,G., (1983). Geophysical contribution to the exploration of
the geological structures of the Strymon basin. Ph.D.
Thesis, Univ. of Athens, 171lpp. (in Greek).

Meulenkamp,J.E., Wortel,M.J.R., Van Wamel,W.A., Spakman,W. and
Hoogerduyn-Starting,E., (1988). On the Hellenic subduction
zone and the geodynamic evolution of Crete since the late
Middle Miocene. Tectonophysics, 146, 203-21.

Monopolis,D. and Bruneton,A., (1982). Ionian sea (western
Greece): Its Structural outline deduced from drilling and
geophysical data. Tectonophysics, 83, 227-242.

Morelli,G., Pisani,M. and Gantar,C., (1975). Geophysical studies
in the Aegean sea and in the Eastern Mediterrannean. Boll.
Geof. Teor. ed Appl., XVIII, 66, 127-167.

Moskalenko,V.N., (1966). New data on the structure of the
sedimentary strata and basement in the Levant sea.
Oceanology, 6, B828-836.

Nikolaou,K., (1986). Contribution to the knowledge of the
Neogene, the geology and the position of the Ionian and
Preapoulian zones in relation to petroleum geolgy
observations mainly on the islands of Strophades, Zakinthos
and Cephalonia, Ph.D. Thesis, Univ. of Athens (in Greek).

Nicolich,R., (1988). Crustal structures from seismic studies in
the frame of the European Geotraverse (Southern segment)
and CROP projects. The lithosphere in Italy (Boriani,A.,
Bonafede,M., Piccardo,G.B. and Vai,G.B. eds.), Adv. 1in
Earth Science Res., Atti Acc. Naz. Lincei, 80, 41-46.

Panagiotopoulos,D.G., (1984). Travel time curves and crustal
structure in the southern Balkan region. Ph.D. Thesis,
Univ. of Thessaloniki, 159pp. (in Greek).

Panagiotopoulos,D.G. and Papazachos,B.C., (1985). Travel times
Pn-waves in the Aegean and surrounding area. Geophys. J. R,
astr. Soc., 80, 165-176.

Papanikolaou,N., {1961). A geophysical prospecting in a possible
oil bearing area in the region of Grevena, Kastoria.
I.G.M.E.,Report 731, 1-18.

Papazachos,B.C., (1969). Phase velocities of Rayleigh waves in
southeastern Europe and eastern Mediterranean sea. Pure and
Appl. Geophys., 75, 47-55.

Papazachos,B.C., (1976). Seismotectonics of the northern Aegean

546
WYnoeiakA BiBAI0BAKN OgdppaocTos - TuAua MewAoyiag. A.lM.O.



area. Tectonophysics, 33, 199-209.

Papazachos,B.C., (1990). Seismicity of the BAegean and
surrounding area. Tectonophysics, 178, 287-308.
Papazachos,B.C. and Comninakis,P.E., (1969). Geophysical

features of the Greek Islands Arc and Eastern Mediterranean
Ridge. Com. Ren. des Seances de la Conference Reunie a
Madrid, 1969, 16, 74-75.

Papazachos,B.C. and Delibasis,N.D., {(1969). Tectonic stressfield
and seismic faulting in the area of Greece. Tectonophysics,
7(3), 231-255.

Papazachos,B.C. and Comninakis,P.E., {1971). Geophysical and
tectonic features of the Aegean arc. J.Geoph.Res., 76, 35,
8517-8533.

Papazachos,B.C., Comninakis,P. and Drakopoulos,J., (1966).
Preliminary results of an investigation of «crustal
structure in southeastern Europe. Bull. Seism. Soc. Am.,
56(6), 1241-1268

Papazachos,B.C., Polatou,M. and Mandalos,N., (1967). Dispersion
of surface waves recorded in Athens. Pure and Appl.
Geophys., 67, 95-106.

Papazachos,B.C., Panagiotopoulos,D.G., Rogceca,A.Ch.,
Scordilis,E.M. and Hatzidimitriou,P.M., (1987). Static and
dynamic properties of the lithosphere in the broad ARegean
area and eastern Mediterrannean. Bull. Geol. Soc. Greece,
XIX, 9-44. (in Greek).

Papazachos,C., (1992). Anisotropic radiation madelling of
macroseismic intensities for estimation of the attenuation
structure of the upper crust in Greece. Pageoph, 138, 3,
445-470.

Papazachos,C., (1993). Determination of crustal thickness by
inversion of travel times with an application in the Regean
area. Proc. of the 2nd Congress of the Hellenic Geophysical
Union, 5-7 May 1993, Florina-Greece, (same issue).

Payo,G., (1967). Crustal structure of the Meditterranean sea by
surface waves, Part I, Group velocity. Bull. Seism. Soc.
Am., 57, 151-172

Payo,G., (1969). Crustal structure of the Meditterranean sea by
surface waves, Part II, Phase velocity and travel times.
Bull. Seism. Soc. Am., 59, 23-42.

Rabinowitz,R.D. and Ryan,W.B.P., (1970). Gravity anomalies and
crustal shortening in the Eastern Mediterrannean. Tec-
tonophysics, 10, 585-608.

Scordilis,E.M., (1985). Microseismic study of the
Serbomacedonian 2zone and the surrounding area. Ph.D.
Thesis, Univ. of Thessaloniki, 250pp.

Shanov,S. and Kostadinov,I., (1992). Configuration of the deep
geophysical discontinuites beneath the territory of
Bulgaria. Geol. Balc., 22(2), 71-79.

Shanov,S., Ryazkov,C. and Boyanov,I., (1989). The Rhodope region
in the light of some new geophysical interpretations. Geol.
Rhod., 1, 51-55.

Shanov,S., Spassov,E. and Georgiev,T., (1992). Evidence for the
existence of a paleosubduction zone beneath the Rhodopean
massif (Central Balkans). Tectonophysics, 206, 307-314.

Soldatos,C. and Christofides,G., (1986). Rb-Sr geochronology and
origin of the Elatia pluton, Central Rhodope, North Greece.

547
WYnoeiakn BiBAI0BAKN Oed@pacTog - TuAua MewAoyiag. A.lNM.O.

/



Geol. Balc., 16(1l), 15-23.

Sousounis,G., {(1993). Estimation of the hot .dry rocks (HDR) with
data from boreholes and seismic data. Paper accepted for
publication at the 2nd Congress of the Hellenic Geophysical
Union, Florina, 1993.

Spakman,W., (1986). Subduction beneath Eurasia in connection
with the Mesozoic Tethys. Geol. Mijnb., 65, 145-153.
Spakman,W., (1988). Upper mantle delay time tomography with an
application to the collision zone of the Eurasian, African
and Arabian plates. Ph.D. Thesis, Univ. of Utrecht, 53,

200pp.

Spakman,W., Van der Lee,S. and Van der Hilst,R.D., (1992).
Tomography of the mantle below  Europe and the
Mediterranean. Proc. of the XVII E.G.S. General Assembly,
Edinburg.

Spakman,W., Wortel,M.J.R. and Vlaar,N.J., (1988). The Hellenic
Subduction 2one: a tomographic image and its dynamic
implications. Geophys. Res. Lett., 15, 60-63.

Spassov,E. and Botev,E., (1987). Inhomogeneties and anisotropy
in the upper mantle of the Balkans from teleseismic data.
Bulg. Geophys. J., 13(4), 66-76.

Stamou,Th., (1977). Gravity measurements in the basin of Nestos.
Public Petrol. Corp. of Greece.

Stavrou,A., (1961). Gravity measurements in the basin of Thes-
saloniki. I.G.M.E.

Steinmetz,L., Ferrucci,F., Hirn,A., Morelli,C. and Nicolich,R.,
(1983). A 550Km long Moho traverse in the Tyrrhenian sea
from OBS recorded waves. Geophys. Res. Lett., 10(6), 428-
431,

Tassos,S.T., (1984). Static and Dynamic properties of the upper
mantle in the southern BRegean. PhD. Thesis, Univ. of Thes-
saloniki, 155pp. (in Greek}).

Tassos,S.T., Kalogeras,J.S. and Kuzin,I.P., (1989). 2-D velocity
structure in the axial plane of the Benioff zone in the
south Aegean sea. Proc. 4th international Symposium on the
Bnalysis of Seismicity and Seismic Risk, 222-230.

Taymaz,T., Jackson,J. and McKenzie,D., {(1991). Active tectonics
of the north and central Aegean sea. Geophys. J. Int., 106,
433-4990.

Thanassoulas,C., (1979). A gravity study of the basin of the
river Strymon. I.G.M.E. No 2847.

Thanassoulas,C., (1983a). A technical report on the gravity
measurements in the island of Milos. I.G.M.E. No 3868.
Thanassoulas,C., (1983b). Geophysical study of the Mygdonian

basin, Ph.D. Thesis, Univ. of Thessaloniki.
Thanassoulas,C. and Tsokas,G.N., (1987). A geothermal model
built up from geophysical and thermal prospects in Nea
Kessani (NE Greece). Geothermics, 16, 1, 17-26.
Thanassoulas,C., Tsokas,G. and Xolios,N., (1987). Geophysical
investigations in the geothermal field in the Delta of the
Nestos river (northern Greece). Geothermics, 16(1), 17-26.
Tselentis,G.A., Drakopoulos,J. and Dimitriadis,K.A., (1988a). A
spectral approach to Moho depths estimation from gravity
measurements in Epirus (NW Greece). J. Phys. Earth, 36,
255-266.
Tselentis,G.A., Drakopoulos,J. and Makropoulos,C., (1988b), On

548
WYnoeiakn BiBAI0BAKN Oed@pacTog - TuAua MewAoyiag. A.lNM.O.



the frequency dependence of Q in the Kalamata (south
Greece) region as obtained from the analysis of the coda
of the aftershocks of the Kalamata 1986 earthquake.
Tectonophysics 152, 157-159.

Tsokas,G.N., {1985). Geophysical survey of the islands of Milos
and Kimolos. Ph.D., Univ. of Thessaloniki, 201lpp.

Vening Meinesz,F.A., (1932). Gravity expeditions at sea. The
Expeditions, the Computations and the Results.

Voght,P. and Higgs,P., (1969). An aeromagnetic syrvey of the
eastern Mediterranean sea and its interpretation. Earth.
Planet. Sci. Lett., 5pp.

Volvovsky,S.I., Volvovsky,S.B., Tal-=-Virski,B.B.,
Georgopoulou,P., Kaban,M., Papanastasiou,D. and Dimadis,E.,
(1991). Comparative geodynamic features of the lithosphere
and the historical evolution of the Caspian Black and
Mediterranean sea basins: Greek territory, seismic profile
No 1 Diasparton-Thassos. I.G.M.E. Publ., 47pp.

Voulgaris,N., (1991). Investigation of the crustal structure in
Western Greece (Zakinthos - NW Peloponessus area). Ph.D.
Thesis, Univ. of Athens (in Greek).

Weigel ,W. and Hinz,K., (1970). Preliminary results of seismic
measurments in the Ionian sea and on the Malta shelf. Paper
presented at the XIIe Assemblee Generale de la Commision
Seismologique Europeene, Luxembourg, 1970.

Wong,H. and Zarudski,E.F.K., (1969). Thickness of unconsolidated
sediments 1in the eastern Mediterranean sea. Bull. Geol.
Soc. Am., 80, 2611-2614.

Wortel ,M.J.R., Goes,S.D.B. and Spakman,W., (1990). Structure and
seismicity of the Aegean subduction zone. Terra Nova, 2,
554-562.

549
WYnoeiakn BiBAI0BAKN Oed@pacTog - TuAua MewAoyiag. A.lNM.O.





