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ABSTRACT

Precise ISC earthquake locations, as well as microearthquake
locations obtained with a dense network of portable stations,
show that the Hellenic slab is not parallel to the Hellenic
trench. In the western part the slab is dipping shallowly NNE for
about 200 km beneath the Peloponnese and then steepens abruptly.
In the eastern part, the slab is dipping more steeply beneath the
Dodecanese. Very little seismic activity i1s located in the
central part of the slab, beneath the Sea of Crete.

Intermediate depth focal mechanisms show T-axes roughly
aligned with the dip of the slab, but P-axes are trending NNW-SSE
in the western part and NNE-SSW 1in the eastern part, and
therefore parallel to the trench. The slab is subjected to a
complex set of forces, probably due to the response to its
contortion.

ENAIAMEZOY BAOGOYXL ZEIZMIKOTHTA TOY EAAHNIKOY TOZOY
Hatzfeld,D., Maxupdnovrog,K. unar Xatdndnuntpiov,Il.

OEPIAHVYH

AupLPelic OLVIESTAYHEVEG OCelOHLMWYV O0TLWY and To DNAiLebBvég
ZelopoAroynd IvotitovTo maL and diutuvo @opnTwv Ot LOUOYPEPWY
deilyvouv S&tL n PuBiLdduevn AiLbBoopailpiuly mAdna oto N.ALyaio dev
eilval TApPEAANAN HE TNV Tdepo. TTo BUTLMS TURHA n TAGHa Bueiletol
pHe puxpn ywvia pe direvBuvon BBA yia andotaon mepimouv 200Km udtw
and Tnv IMeromdvvnoo ol oTn cLVEXeLa N xiion aufdvetal AMSTOUA.
ZTo avatoiitnd TUAMa N TAdxa BuBifetal pe peydin uiion ndtw ond
T Awdendvnoa eve) PLupr CelopLun dpaotnpLdtnta evitomni{eTtdl OTO
MEVIPLMG TUAHE TNg TAdnag ndtw ond thv Kprtn.

OL pnxavigpol yvéveong Twv oe LOUWV evbLauégou Pdboug del xvouv
Toug d&foveg T va €xouvv diredbBuvon TapdAAnin e 1T uniion Tng
BulLduevng ALBoopalpLrig TAGHaS evw oL Gfoveg P €xouv &LedBuvon
BBA~NNE oTo dutTind TUAHa nat BBE-NNA OTO avaToAlxd TURHA, dniadij
elval TopdAiniolL He Tnv Tdeppo. H XiBoopaitpimr mTAdno BExeTal
ETOHEVWS Eva TOAVTAOKO oUOTNHa Buvdpewv To omolo eivalL L oavd
aQmOTEAeTUX TNG aVT(dpacng oTnV MApaudppwon Tnv omoia dExetal.
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INTRODUCTION

The evidence of an active subduction zone beneath the Aegean
sea 1s based mainly on the presence of intermediate depth
earthquakes (70<z<300 km) beneath the Hellenic arc. Focal depths
increase towards the inside of the Hellenic arc (Papazachos and
Comninakis, 1971; Makropoulos and Burton 1981), but the seismic
zone, and therefore the shape of the subducted slab is not well
constrained by the small number of earthquakes there. With no
seismic station closer than 200 km to epicenters, it is difficult
to map the subduction zone accurately. Furthermore, because the
magnitudes of the intermediate depth earthquakes are generally
smaller than mb=5.0, it 1is rarely possible to use body wave
modelling techniques to determine the depths (Taymaz et al.,
1990). We thus have a poor image of the intermediate depth
seismicity and therefore of the geometry of the slab.

Very few intermediate depth focal mechanisms have been
computed. McKenzie (1972, 1978) computed fault plane solutions
using both long-period and short-period polarities. Ritsema
(1974) reported some focal mechanisms, using both long periocd and
short period data, but he did not show polarity data. Papazachos
(1973, 1977), Drakopoulos and Delibasis (1982), Karakostas (1988)
also computed intermediate depth focal mechanisms, using short
period regional phases reported in bulletins. Because of the
relatively low magnitude range of the intermediate depth
earthquakes and because of the strong lateral heterogeneities in
the velocity structure, it is difficult to assess the reliability
of the intermediate depth locations using teleseismic arrival
times. Taymaz et al. (1990) used body wave modelling to constrain
both focal depths and fault plane solutions of earthquakes. But
because of the magnitude required to use such technique (around
mb 5.5), they were able to compute solutions only for the
southern part of the arc, around Crete.

In this paper we refine the shape of the seismic zone by
filtering the ISC data and by locating earthguakes of small
magnitude recorded in a dense temporary seismological network.
We also compute several intermediate depth focal mechanisms.

ISC DATA

The most reliable global seismological catalog is the
International Seismological Center Bulletin, which reports
earthquakes using all the available arrival times recorded in
stations located around the world. But it 1is difficult to
estimate the precision of these locations. The number of
recording stations and their azimuthal coverage generally
improves the location of an earthquake, but as Barazangi and
Isacks (1979) showed in a study of the subduction zone beneath
South-America, the number and azimuthal distribution of local
stations as the consistency of pP readings determine the control
in the depth of the earthquakes. So we will define 5 different
classes of earthguakes depending on the availability of pP phases
and of records in local stations as their azimuthal coverage
(Hatzfeld and Martin, 1992).

Bmong a total number of 23277 earthquakes located by ISC
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between 1964 and 1984, we extracted 677 events of magnitude
greater than 3.5, recorded in more than 15 stations, located
deeper than 40 km, and belonging to one class as defined earlier.
Among these, 277 events are considered to be located better than
30 km in depth, because their location is controlled both by
upgoing rays and downgoing rays (Fig. 1}.

We observe a deepening of the earthquakes towards the inner
part of the Hellenic arc, but no earthquake deeper than 150 km.
No intermediate depth earthquake is located North of the Corinth
Gulf, and most of them are located on both ends of the Hellenic
arc, beneath the Peloponnese and the Dodecanese islands, and only
very few earthquakes are located beneath the Sea of Crete.
Beneath the Peloponnese the seismic zone deepens towards the NE.
The slab is deeping shallowly for about 200 km, down to 100 km
and then steepens abruptly down to 150Km beneath the Gulf of
Corinth. Beneath Rhodos and the Dodecanese islands a dense
cluster of earthquakes is located at a depth of 150 km, and
therefore the slab seems to deepen more steeply toward the
North-West.

The 100 km isodepth contour is therefore not parallel to the
trench. In the western part it is located at about 200 km of the
bathymetric Matapan trench, when it is located only at 100 km
of the Pliny trench in the western part.

ISC 1964-1984, z>40 km, Mb>3.5, No>30, Q=1-3 277EVENTS
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Fig.l. Seismicity map of the ISC earthquakes located deeper than
40 km and with an accuracy better than 30 km.

MICROEARTHQUAKE SEISMICITY

During 1986-1989, we conducted several microearthquake
surveys within the ARegean. We deployed from 45 to 85 portable
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seismological stations for a time period of 7 weeks (Hatzfeld et
al., 1989, 1993). The earthquakes that we recorded are generally
located with a greater accuracy than the teleseismically located
events. About 100 earthquakes were located deeper than 40 km and
are likely to be related to the subducted slab beneath the
Hellenic arc. BAmong those we selected 85 events which are
recorded in more than 8 stations and with statistical errors
smaller than 20 km.

A map of the intermediate depth seismicity, which does not
represent a complete image of activity but is the superposition
of 3 pictures, each of them gathered during 7 weeks, shows that
the seismic zone 1is deepening towarde the inner part of the
Hellenic arc (Fig. 2).

We plotted cross sections across the Epirus, the Peloponnese
and the Dodecanese (Fig. 3). These cross sections are different.
We do not observe any earthquake deeper than 50 km beneath the
Epirus. It is therefore likely that no subduction zone exists
North of the Ionian islands. Beneath the Peloponnese the
earthquakes define a very gentle slope starting at the trench for
about 200 km, and then a steeper slab further northeast, beneath
Attiki. Beneath the Dodecanese, earthquakes define a steep zone
starting closer to the trench and dipping more steeply. Very
little intermediate depth activity is observed in the middle of
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Fig.2. Seismicity map of the microearthquakes recorded during
the 3 experiments and located deeper than 40 km.
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Fig.3. Cross sections of the seismicity recorded during the 3

experiments conducted in the RAegean.
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the arc, beneath the Cyclades islands where active volcanoces are
observed. The seismic zone is therefore not parallel to the
Hellenic trench and shows an asymmetry between the gently dipping
western part and the steeply dipping eastern part.

FOCAL MECHANISMS

To compute focal mechanisms using polarities of regional
(refracted) phases is always a risky task. Because we had a
seismological network above the seismic zone we were able to
compute with less difficulties focal mechanisms of intermediate
depth. We separate the 38 earthquakes into 2 families: those
ranging between 40 and 70 km deep cannot be unambiguously related
to the subducted slab when they are located in the inner part of
the trench, those located deeper than 70 km are likely to be
related to the dipping slab.

20.00

Fig.4. Focal mechanisms of earthquakes located deeper than 70km.

1) Depths greater than 70 km (Fig. 4).

The 7 solutions for the Dodecanese show a similar pattern
of T-axes plunging steeply NNE and P-axes nearly horizontal and
trending N-S to NNE-SSW. Among the 6 solutions located beneath
the Peloponnese, 5 of them again show T-axes plunging downdip,
but the P-axes are horizontal and trending NW-SE. The last
solution, which seems located within the subducted slab and not
at the upper part, shows normal faulting with a T-axis trending
NE-SW and can be due to the bending of the slab. Finally one
solution located beneath Crete, at a depth of 100 km, is more
typical of those of subduction zone with a T-axis aligned
downdip and a P-axis perpendicular to the slab,
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Therefore the T-axes are likely dipping down the local dip
of the slab, but the P-axes are almost horizontal and parallel
to the local strike of the slab.

2) Depths between 40 and 70 km, (Fig. 5).

Focal mechanisms show a complex pattern. In the eastern part
we observe that most events show T-axes plunging downdip as it
is usual in subduction zone, but in the western part, beneath the
Peloponnese, the solutions are random.
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Fig.5. Focal mechanisms of earthquakes located between 40-70 km.

Therefore, it seems that the deepest events show T-axes
located downdip and probably related to the pull of the slab as
it is usual in subduction zone, but the P-axes are horizontal,
trending parallel to the slab and could reflect a global E-W
compression due to the bending of the slab. The earthquakes
located between 40 and 70 km show also a simple pattern in the
eastern part where the slab seems also to be simple, but a
complex pattern in the western part where the slab is dipping
shallowly, this pattern could be due to coupling between the two
lithospheres.

CONCLUSION
A careful reexamination of ISC data, as well as the results
of several microearthquake surveys, show that the intermediate
depth seismicity shows some distinctive features. The seismic
activity is low compared to the shallow activity observed along

the Hellenic trench, and very few events are observed in the
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middle of the arc beneath the Sea of Crete. It is therefore not
clear if the slab is continuous or discontinuous. The seismic
zone 1s not parallel to the trench. In the western part the slab
is dipping shallowly for about 200 km before steepening and it
is dipping steeper in the eastern part. Focal mechanisms in the
40-70 km depth range show a complex pattern in the western part,
probably due to the interaction of the subducted and the
overriding lithosphere, but a much more simpler pattern in the
eastern part with the T-axes plunging downdip. Focal mechanisms
located deeper than 70 km show also T-axes plunging downdip which
can be related to the pulling of the slab, but also P-axes nearly
horizontal and trending parallel to the trench, which implies
horizontal bending or shortening of the slab. Thus, we think that
the hellenic subduction 1is significantly asymmetric and
contorted.
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