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ACTIVE TECTONIC FORCES IN THE AEGEAN AREA

B. C. Papazachos®

ABSTRACT
. The basic/seismotectonic features of the Aegean and sur-
rnding ared as well as some geodynamic models proposed to inter-
%e these features are described. Un the basis of this infor-
on & system of tectonic forces acting at present in the fegean
surrounding area is proposed. This system is composed of three
ternal norizontal compressional forces which are exerted on the
undaries of this area by the adjacent lithospheric plates (Fa-
ern Mediterranean, fApulian. Turkish) whicn move towards tne fAe-
an and hy extensional horizontal forces wnich are produced in

Aegean lithosphere by its narth-south expansion.

Y N O WH
0L Baclkéc ocLgpoTektovikée LoLdrnteg tou Alyalou Kat
yUpw MEPLOXWV TepLypapovIaL. Nepuyphpovial enlong pepLkd and
gnpavtikoTtepa vewbuvaplkd govréia Ta onola €xouv mpotabel yLa

1V epunvela authv Twy LSLothATwv. Me Bdon ta otoL¥ela autd MEOTEL-
gL £ve oloTnpa TEKTOVLKOV &Suvapewv oL omolec Hpolv oRupepa Gto
yalo kKaL TLC yUpw TMEPLOXEC. AUTO TO GUOTAUG AMOTEAEelTaL amd TPELC
TEQLKkEr 0pLIOVILEC TUUTLEGTLKEC duvduele oL omolec aokouvTatl
LC Tapupéc tng ALBocpaLpac tou Alyalou amd TLC yELTOVLKEG ALBG-
BLpec oL onofec kivolvTaL pe katelfuvon To Avyaio {AvatoAikn Me-
YeELoCg, AnnlAta, Toupkia) kal anf cgelxuoTikéc OUVGUELT OL OMOLEC
KoOVTaL péoa o' auTh Tn AiBblooaLpa Abyw TN £MEKTAON TN KATE TN
EUBUvVen Ropph-vhTou.
INTRODUCTION

It is well known that the fegean and surrounding area
UN-43ON, 1696-309C) is seismically one of the most active re-
ns of the world. Its seismicity is the highest not only in the
hole Mediterranean but in the whole West Lurasian area. Destru-

i iiVE shallow earthquakes witnh surface wave magnitudes up to 7w

K. MANAZAX0S . Evepyéc TexTovikée nuvdustic 0mny MepLoxn TOU ALvatoy.
thversity of Thessaloniki, Geophysical Laboratory, Thessaloniki
34006, GREECE.
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and intermediate depth earthquakes with even larger magnityde,

(~3.0) have repeatedly struck countries of tnis area. Almost ey
year at least one earthquake with magnitude 6.5 or larger oCCyp

inthis relatively small region. for this reason, a good Undep..

standing of the geodynamics of this area i1s of primary importance 43&? ¥4 3

This region is a part of the collision zone between o RN
Furasian and the African Tithospheric plates but its present s N>U%' ."”%Bﬁ%
ctdnic activity is.much higher than in other regions of the sa ‘4 GPEEQE ,\“\
szone. The most prominent features of tectonic origin in this areg

from south to north, are the Mediterranean ridge., which is a Co«; !
pressional submarine crustal swell that extends from the 10n1l
Sea un Cyprus and parallels the Hellenic arc. the Hellenic treng
with a maximum water deptyy of about 5¥m, the Hellenic arc, whig
consists of the outer sedimentary arc and the inner volcanic arc |
and the back-arc Aegean area. The Hellenic arc and the back-arc fﬁ
egean area have the main properties of the well known island arcs
and marginal seas (Papazachos and Comninakis 1971).

The purpose of the present paper is to describe the ba-

sic seismotectoni an eod mic featur f thi r # Throst due @ subduciian
stectonic d geodynamic features of this area and 3; 1?& sl St

presenta schematic model for the forces responsible for tnece featu

|
Thrusi due fo contineni! ' I
.\‘ catfinon | ‘ 4
res. b
1T | ‘ |
~===— Sirke-sip fuulting :
3 " 0w !
to T Eaiensiontnorma am.f.ngsll I,J-'
. 3 :
. N 20° 21" 22¥ 23 247 28" 28 27 2 2% 30

BASIC SEISMOTECTONIC FEATURES OF THE AEGEAN AND SURROUNQING ARE

Active tectonics in the Aegean and surrounding nas be

ig. 1. Schematic representation of the main seismotectonic featu-
res of the Aegean and surrounding area {Papazachos eta al. 1935 .
X. 1. Zxnuatikn napdoTaon Twv KUQLWY CELOUOTEKTIOVLKLEV XApAKINEL-
kKiov tou Altwvalou kal Twv vipw neprogny (Manaddyog kat ouv-
coyatcg 19835),

investigated by several authors by the use of seismic and otner g€
physical data (Papazachos and Comninakis 1970, 1971, 1978 McKenzie
1970, 1872, 1978). Fault plane solutions of strong earthguakes 18 This is in full agreement with subduction of the eastern Mediter-
one of the most effective tools for investigating such properties. ean lithosphere (front part of the African lithospheric plate)
Papazachos and his colleagues (1986) used the most reliable fault r the Aegean lithosphere (front part of the Eurasian Tlitnophe-
plate}.

The thrust faulting continues to the north in the land a-

plane solutions as well as other geophysical information to descri=
be the main features of active tectonics in the Aegean and surrous

ding area. Figure (1} summarizes in a schematic way the propef= 9 the western coast of the central mainiand of Greece and of Al-

ties of the active tectonics of the Aegean and surrounding ared. 1a and Yugoslavia. In this case, however, there is no evidence
Thrust faulting is observed along the conves side of the® Or subduction (no Benioff zone, etc) and collision between two
Hellenic arc {Zante-S of Crete-S of Rhodos) except for the north= tinental Tithospheres (Eurasian-Apulian) occurs. '
ernmost part of the arc where strike-slip faulting is observed: Normal faulting is observed in the whole inner partof tne

Jean ares. from Crete in the south to Bulgaria in the north and
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from eastern Albanic and central Greece in tine west to all “es tepy

Turkey
and in the northernmost part of the Aegean Sea strike-slip dextr“

Turkey in the east. However, in the northwestern part of

faulting with thrust or normal component is also observed. The to
sional field (axis T) in the Aegean has an almost North-South trenyd
bt close to the boundary with the outer thrust zone in the ya_
stern part of the area changesdirection and the axis T has an ga7_
most tast-West direction. The fault plane solution of the recent
Kalamata earthquake (September 13, M=6.0) supports this conclusigy

(Papazachos et al. 1988).

GEODYNAMIC MODELS

Models ﬁroposed to interprete geophysical,geomorphologi-
properties of the Aegean and surrounding
that
of adjacent 1ithospheric plates

cal and geological areq

assume external forces, is, forces due to horizontal movements

(westward movements of Turkish pla-

te, northward movement of the eastern Mediterranean lithosphere

etc), internal forces (gravitational siiding )} and forces exerted

in the bottom of the Aegean {convection currents, etc),
(1970, 1972)
lTithospheric plates is

in the

lithosphere
McKenzie suggested that relative motion bet-
the main cause of the high sei=
Except for the big 1itho-
four
other relatively small plates (Aegean plate, Turkish plate, etc ).
He believed that the fast motion of the Aegean and Turkish plates

Helle-

in the area.

ween several
smic activity Mediterranean area.

spheric plates of Eurasia, Africa, and Arabia, he considers

relative to Africa and Europe and the subduction along the
arc can account for most of the seismic.activity

Dewey and Sengor (1979) believed that the westward move-
(Turkish)

to consume oceanic lithosphere

nic

plate from the Bitlis =yture in North
Mediter=

ment of the Anatol-”an
Arabia in the tastern
ranean can explain most of the seismic and other properties of the
The result of this

northern Anatolian strike-slip dex:iral

generation of tne¢
fauit.
strands which bted

area. westward motion was the

transform T the north

Anatolia, the fault is branched in two

south of the
The bending of these strands

western

Marmara Sea and
3

sauthwesterly western end of the

reach northern Aegean. results to

WYneiakn BiBAIoBrkn "Oeo@,

- Med that at the center of the Aegean a lithological

the we-
Bal-

]Ockjng orientation in the northern fAegean that obstracts
stern motion of the Anatolian plate relative to Greece and

These authors also believe that the western Anatolian gra-

S,
::: system, situated on a very broad dome, may owe its origin to
the locking geometry of the north Anatolia transform strands. That
s the fast-West compression is relieved by north-south extension
on ¢ smaller scale in

(1985)

s of one plate complex which undergoes counter-clockwise

western Anatolia.
Rotstein assunes that Anatolia and the Aegean are

part ro-

tation (fig.2.).,
gion is nossible only for the Anatolia block (excluding
gnatolia) where the motion is accommodated by subduction along the

At present, however, free and undisturbed rota-

western

gyprean arc. Due to a local obstruction caused by a "side arccol-

————————— 9

BLALE TEA CAUCASUS

Fig. 2.Model proposed by Rotstein (1985).

¥, 2.Movtého mpoTeLvéucvo and Tov Rotstein (1985).

Wision" o5 the Hellenic arc with the Turkish plate near Rhodos, a
Separate Aegean block is created which is not separated from the
Turkish plate and for this reason this block cannot move freely.
Under this condition the greatest extension is expected along the
SUture zone between the two blocks and especially in the northea-
Stern part of the Aegean block where the motion relative to dnato-
lia must be greatest.

Makris (1976, 1978} to interprete geophysical data assu-

system of low

COmpressional velocity and density ascending from the asthenosphe-
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gion for the last 13m.y. They suggested 'that subduction along the terranear lithasphere under the Aegean, has now been well establi-

Hellenic arc occurs by rotation of the sinking slab by 30° aroung shed (Papazachos and Comninakis 1970, 1971, FPapazacnos et al. 1986,

4OON, 188K pole during ‘the last 13m.y. (fig.4). They do not ACeepy Mckenzie 1970, 1972, 1973) and is in agreement with the scnemati-

7

neither the idea that the strain pattern in the Aegean is dye cally represented in figures (2,3,4) geodynamic models { HRotstein
to forces acting at the bottom of the lithosphere nor the ideg 1985, Papazaches and Comninakis 1978, Le Pichon and Angelier 1979).
that the generalized extension within Aegean is due to the extrsion The compressional force I, is due to thne convergence,
of Turkey ‘to the west, but they -agree that gravitational spreas without subdution, of the Apulian lithosphereric plate withn the
ding is responsible for the extensional field in the Aegean. front part of tne Eurasian lithosphere along the coast of Yugosla-
Albania and northwestern Greece. A1l well determined fault

On the basis of all available information, the forces 3. via,

cted on the Aegean and surrounding lithosphere are schematically plane solutions show horizontal compression almost normal to this

coast [(Papazacnos et al 1986).

shown in figure (5). These are;
The compressional force E3 is due to the westward move-

ment of tne Turkish Titnospheric plate wnicn is very well esta-
blished (Dewey and Sengor 1979,

The extensional forces Eg in the Aegean and surroundings
with @ nortn-soutih direction have heen determined by fault plane
solutions (McKenzie 1972,1978) and are in full agreement with tne

3 schematically represented in figures (2,3) geodynamic models (Rot-

stein 1985, Papazacnos and Comninakis 1978). Sucn an extensional
field is almost ogenerally accepted today but there are different

gpinions in regard to the causes wnhicn produce this field.

Arcbic Plate

Fig. 5.Schematic representation of the compressional forces, $
22, 2, and of the tensional forces, E , acting on the Aege-
an 11%hosphere and surroundings. ¢

2X. 5.2XNuUATiKA MEpAcTAGn TWV GUUNLECSTLKQY duvdpewv, 2,, s5,, 2
KaL twv egeAkugtikov Suvdpswvy £, oL onoleg EVEPYOUY 2 otna
AlBbdogaipa tou Avyalou katl otec®yipow mepLoxéc.

a )Compressional forces excertad by the nowthwestward relative motion of the ea-
stern Mediterranean 1ithosphere, 21, by tne anticlockwise rotation of
the Apoulian lithosphere, 2,5, by the we'stward motion of the Tur-
kish Tithosphere Z3. b)Tensional forces, Egs acting in the Aegean Ti-
thosphere.

The compressional force 21 is due to the convergence of
the Aegean lithosphere (front part of tune Eurasian litnospheric
plate) with the Eastern Mediterranean Tithosphere (front part of
the African lithospheric plate) along the convex side of the Hel-

lTenic arc. Such a convergence, with subduction of tne Eastern Medi-
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