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A B S T R ACT 

Reliable fault plane solutions for the shallow and 
intermediate depth earthquakes, for the period 1964 - 1991, as 
well a§ new seismicity data are used to resume the contemporary 
knowledge on the seismotectonic framework of the Aegean and the 
surrounding area. The parameters of the focal mechanisms are 
compiled in two catalogues, for the shallow and the intermediate 
depth events, and are here presented. In addition, an updated 
catalogue of all the intermediate depth earthquakes (h~70 Km) of 
the Aegean area, of the period 1964-1989, recorded by at least 
26 stations is used to reexamine the shape of the Benioff zone 
in southern Aegean. The new data confirm and fill in gaps of our 
previous knowledge. The subduction along the Hellenic arc is 
playing the role of a buffering system for the geodynamic 
stability of the broader Aegean area. The slab is subducting at 
a low angle (14°) up to depths of 100 Km and then steepens its 
dip to 38°. Along the outer part of the Hellenic arc low angle 
thrust faults are observed which produce a compressional 
deformation pattern. The compression is performed at an azimuth 
of 214° at a mean rate of 6 rnrn/yr. As we go away from the trench 
and proceed to greater depths (40-100 Km) pull forces are acting 
at the slab. As a result down dip extension is observed within 
the slab at a rate of 8 rnrn/yr. However, within the slab a 
component of nearly horizontal compression parallel to the strike 
of the Hellenic arc also occurs at a rate of 21 rnrn/yr. This 
compressional velocity is rather hard to be explained with simple 
kinematic models. In the Aegean sea and the surrounding land 
areas the principal stress axes show that the region is dominated 
by extension which takes place in an about N-S direction at a 
rate of about 5 rnrn/yr. The faster extension rates are observed 
in the Northern Anatolia and in the Northern Aegean trough where 
the westward motion of the Turkish plate is perturbed with the 
N-S extension of the Aegean. This leads to E-W compression which 
reduces from 22 rnrn/yr in Northern Anatolia to 16 rnrn/yr in the 
Northern Aegean trough. This E-W compression is compensated by 
N-S extension which reduces from 19 rnrn/yr to 8 rnrn/yr in the same 
sense. Along the zone of thrusting that runs the western coastal 
regions and the zone of extension that dominates the mainland of 
Greece, there is a rather narrow suture zone that shows E-W 
extension at a mean rate of 1.6 rnrn/yr. 
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~YrXPONE~ AITOo/EI~ rIA TH EEI~MOTEKTONIKH TH~ nEPIOXH~ 

TOY AlrAIOY 

n E P I 1\ H 'l' H 

~T~V napouaa Epyaa[a xp~aL~onoLouvTaL a~LonLaToL ~~xavLa~oC 

YEvvEa~c; yLa aELa~ou~ EnL(j)avECa~ xal EvE)la~EaOU 13a80u~, T~C; 

xpoVLxii~ nEpL600u 1964-1991, xaew~ XCIL aAACI aEla~oAoYLXO aTolXECCI 
yLa va 008EC TO aELa~OTExTOVlXO nAaCaLO TOU ALyaCou xaL TWV 
yELTOVLXWV nEpLOXWV. nCoovTaL DUO XCITOAOyOL ~E TL~ nCIpa~ETpou~ 

TWV ~~xavLa~wv YEvEa~~ Yla TOU~ aELa~ouc; EnL(j)CIvECa~ xaL 
EvoLa~Eaou 13a80uc; aVTCaToLxa. EnLnpoa8ETw~, €vac; xaToAoyoC; 
aELa~wv EvoLa~Eaou 13080u~ T~C; nEpl600u 1964-1989, I-lE apl8~o 

napaT~piiaEwv ~26, xp~aL~onoLECTaL yLa T~V EnavE~ETaa~ T~~ 
YEw~ETp(ac; T~C; ~wv~c; Benioff. TCI xaLvoupyLa OEoo~Eva 

EnL13E13CILwVouV ii au~nA~pwvoUv T~V npo~youI-lEV~ yvwa~ ~ac; aXETLxa 
~E T~ aELa~oTExTOVlXii TOU Alya(ou. ~aCvETCIL OTL ~ xaTaoua~ T~C; 

nAoxac; aTO VOTlO ALya[o naL~El npWTEUOVTa xal pu8~LaTLxo pOAO aT~ 

YEwouva~Lxii TOU OAOU auaTii~aTOC;. H nAoxa 13u8C~ETal ~E I-lLxPii ywv[a 
xACa~c; (14°) ~EXPl TO 13080c; TWV 100 Krn nEpCnou XCIL Yla ~EyaAuTEpa 
13a8~ ~ ywvLa xACa~~ au~avEL aE 38°. KCITa ~iixoc; TOU EAA~VLXOU 
TO~OU napaT~pouvTaL CIvoaTpo(j)a pr;y~CITCI ~lXPr']C; xACa~c; Ta onoCa 
O~~LOUPYouv au~nlEaTLx6 nEoCo napCI~6p(j)wa~~ ~E TaxuT~Ta 6 rom/yr. 
Ka8wc; ano~axpuvo~aaeE CIno T~V Ta(j)po XCIL au~aVEL TO 13a80c; TWV 
EaTLwv (40-100 Km), E(j)EAxuaTLxEC; OUvaI-lELC; avanTuaaovTaL novw aT~v 

xaTaou6l-lEv~ nAoxa (slab pull-forces). AUTO EXEL WC; anoTEAEal-la ~ 

XCITCIou6~EV~ Al86a(j)aLpa va EnEXTE(vETCIl ~E pu8~o 8 rom/yr. 
DapoAA~Aa o~WC; avan,uaaE,al xal ~lO auvLa,waa aXEoov OPt~OVTla~ 

au~nCEa~~, napoAA~ACI I-lE TO EAA~VlXO T6~0, I-lE pu81-lo 21 mm/yr. ~,~v 
~nE LpWT t xii EAAooa xaL TOupx La ~ xaTavo~ii TWV ~EY l aTWV a~ovwv 

Taa~c; (j)avEpwvEL T~V unap~~ E(j)EAxua~ou, ~E OLEu8uva~ nEpLnou B-N, 
~E TaXuT~Ta napa~6p(j)wa~c; 5 mm/yr. aL I-lEyaAu'EpE~ ,axuT~'EC; 
E(j)EAxua~ou napaT~pouvTaL aT~v nEploxii TOU B. AlyaCou xaL ,~C; B. 
AvaToAla~. ETO xwpo aUTO ~ npoc; oua~ac; xCv~a~ T~~ TOUPXLXiic; 
nAoxac; En~pEa~ETal ana TOV E(j)EAxua~o TOU B. ALyaCou. ETaL ,0 
nEoLO napCI~op(j)wa~c; xapaxT~pC~ETal aTIo au~nLEa~ OlEu8uva~c; A-n ~E 

,aXuT~,a 22 rom/yr aT~V B. AvaTOALa xal 16 mm/yr a,o B. ALyaCo. 
H aU~TICEa~ au,ii aVTlaTa8~C~ETal aTIO E(j)EAxua~6 ~E Taxu'~Ta 19 
mm/yr aT~v AvaToALa TIOU EAaLTwvE,aL aE 8 mm/yr aTO B. AlyaLo. 
METa~u T~C; E~WTEPlXiic; au~n[Ea~c; TIOU oLa,pEXEl TLC; OU,lXEC; aXLEC; 
xal TOU E(j)EAxua~ou T~C; ~TIElPW'LXii~ EAAaoac; UTIapXEl I-lLa aTEvii ~wv~ 
, Ena(j)iic;' nou napOUata~El E(j)EAxua~o ~E OLEu8uva~ A-n ~E ,axu,~,a 

T~C; Ta~~c; TWV 1.6 mm/yr. 

INTRODUCTION 

The Aegean and the surrounding area, situated along the 
Africa - Eurasia plate boundary, has been a region of intense 
seismic activity and has attracted the attention of many 
geophysicists. Destructive shallow earthquakes with M values up 
to 7.5, and intermediate depth earthquakes, with eten larger 
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magnitudes (~8"O), have repeatedly struck many sites. 
In brief, the most prominent features of tectonic origin are 

(figure 1), from south to north, the Mediterranean Ridge, a 
compressional submarine accretionary prism of material which 
extends from the Ionian Sea to Cyprus and follows the trend of 
the Hellenic arc, the Hellenic trench with a maximum water depth 
of SKID, the Hellenic arc, which consists of the outer sedimentary 
arc and the inner volcanic arc, and finally the back-arc Aegean 
area, which includes the Aegean Sea, the mainland of Greece, 
Albania, south Yugoslavia, south Bulgaria and western Turkey. 
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Fig,l, The main tectonic features of the broader Aegean area. 

The kinematics of the area are controlled by the westward 
motion of Turkey and the southwestward motion of the southern 
Aegean both relative to Eurasia. The westward motion of Turkey 
relative to Eurasia is related to the collision between Arabia 
and Eurasia in the area of Caucasus and eastern Turkey, Most of 
the westward motion of Turkey is accommodated on the North and 
East Anatolian strike slip fault systems (McKenzie, 1978; Taymaz 
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et al., 1991; Kiratzi, 1991; 1993). The thickened crust in 
eastern Turkey can provide the buoyancy force that drives Turkey 
westwards. The Aegean area is dominated by extension as the 
southern Aegean Sea moves in a nearly southwest direction 
relative to Eurasia. This extension is thought to be driven 
principally by the "roll -back" of the subducting slab beneath 
the southern Aegean (McKenzie, 1978; LePichon, 1982), as it sinks 
into the mantle with a component of velocity normal to its 
surface. 

In the present paper, the active tectonis of the Aegean sea 
and the surrounding coastal regions are re-examined in an attempt 
to update our knowledge with the results of new data both in the 
distribution of the seismicity as well as in the distribution of 
the focal mechanisms. A contribution of the present paper is the 
publication of two catalogues with the parameters of the most 
reliable fault plane solutions of shallow and intermediate depth 
earthquakes and the use of one catalogue of intermediate depth 
events (h~70 Km), of the period 1964-1989. These data in 
connection with our previous own work and the work of others are 
used to give a present day picture of the geodynamics of the 
broader Aegean area and to discuss about problems that need 
further clarification. 

SEISMIC MOMENT RELEASE IN THE SEISMOGENIC SOURCES 

The seismic moment rate release was calculated for each of 
the 68 seismogenic sources of the Aegean area, identified by 
Papazachos (1990). Using Molnar's (1979) formulation the seismic 
moment rate release was calculated for each source. Then, in 
order to have a value comparable with one another for every 
source, we calculated a normalized value for the seismic moment 
rate for an area of 10.000 Km2 • 

Figure (2) shows the distribution of the normalized values 
of the seismic moment rate release for the seismogenic sources 
of shallow earthquakes and figure (3) shows the same for the 
sources of the intermediate depth earthquakes. The magnitudes 
shown in the index of these figures are calculated assuming a 
moment magnitude relation for the Aegean area (Papazachos et al., 
1992). This is the magnitude, M, of the earthquake which could 
occur yearly per 10.000 Km 2 , if call the seismic moment could be 
released by one earthquake. It is observed, that for the shallow 
earthquakes the corresponding cumulative magnitudes vary between 
4.4 and 6.3. These values can be considered as good measures of 
relative seismicity of the seismogenic sources. In general, high 
shallow seismicity is observed: (a) along the convex side of the 
Hellenic arc but very close to the coast, with the highest value 
in its northwesternmost part (Cephalonia Lefkada) where a 
transform fault has been identified (Scordilis et al., 1985; 
Kiratzi and Langston, 1991) (b) along a megazone which includes 
the western part of the northern Anatolian fault system, and the 
Serbomacedonian massif, (c) an area in central Greece which 
includes the seismogenic sources of the Patraikos - Corinthiakos 
Gulfs, the Evoikos and Maliakos Gulfs as well as the area of 
Thessalia. All other seismogenic sources have approximately the 
same but clearly higher seismicity than in the area with 
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background seismicity. 
From figure (3) it is seen that the seismic moment rate 

release is much higher for the external zone of intermediate 
depth earthquakes than it is for the internal zone. As a matter 
of fact the normalised annual magnitude of the occurrence of an 
earthquake is about the same for the zones of shallow seismicity 
and the external intermediate depth seismicity, along the 
Hellenic arc. This observation probably indicates that the 
collision (coupling) between the eastern Mediterranean 
lithosphere and the Aegean lithosphere is taking place on this 
slightly dipping belt. 

THE FAULT PLANE SOLUTIONS OF THE AREA 

Shallow earthquakes 
Table I lists the parameters of the focal mechanisms of the 

shallow depth earthquakes (hs40 krn), of the Aegean area. This 
catalogue is updated from Papazachos,B. et al., (1991) and 
Papazachos,C. et al., (1992). Earthquakes with magnitude greater 
than 5.5 are included for the period 1964-1990 with some 
exceptions for some older events which produced surface 
expression of the fault. In each case in this catalogue, nodal 
plane 1 is considered to be the fault plane based on the 
existence of surface expression, if any, on the distribution of 
aftershocks, and on macroseismic data. In cases where no other 
evidence was available, the nodal plane with the smallest dip 
angle was arbitrarily chosen as the fault plane. 
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Fig.2. The distribution of the seismic moment rate release, 
normalised for an area of 10.000 Krn2 , for the shallow 
earthquakes of the Aegean area. 
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Fig.3. The same as in fig.2, for the intermediate depth 
earthquakes. 

Figure (4) shows the fault plane solutions of the shallow 
earthquakes of the Aegean area, listed in Table I. An equal area 
lower hemisphere projection is used where the black quadrants 
denote compressional first onset, while the blank ones, denote 
dilatational one. The date of occurrence of the corresponding 
earthquake is also shown in the figure. 

It is seen that thrust faul ting ~s observed along the 
Dalmatian coast of Yugoslavia, Albania and western Greece, due 
to the collision of two continental lithospheres (Apulia 
Eurasia), with no evidence of subdvction. This zone of thrusting 
continues southern, along the coastal regions of northwestern 
Greece up to the island of Cephalonia. The recent activity that 
struck this area (January 1983 sequence) declared the existence 
of dextral strike-slip movement on NE-SW striking nodal planes 
(Scordilis et al., 1985; Kiratzi and Langston, 1991; 
Papadimitriou, 1993). This belt of dextral strike-slip faulting 
is considered as the westward termination of the Hellenic 
subduction zone. Along the convex side of the Hellenic arc, the 
motion of Africa relative to Eurasia causes the occurrence of low 
angle thrust faulting, with the shallow dipping plane considered 
as the fault plane (McKenzie, 1972, 1978; Papazachos et al., 
1984a). The trend of the P axis is normal to the arc at its 
western part and keeping the same trend tends to become parallel 
to the arc at its eastern part. 

In the mainland of Greece, as well as western Turkey, normal 
faulting is observed in mainly EW striking nodal planes. The 
study of the recent seismic sequences (Thessaloniki 1978, 
Magnesia 1980, Corinth 1981, Kalamata 1986) has shown that the 
normal faults are in most of the cases listric faults occuring 
at very shallow depths (~ 10 Km). 

In the northern Aegean, the extension of the Aegean and the 
motion of the North Anatolian Fault are combined reSUlting in 
very complex tectonics. Thus, we have the existence of pure dip 
slip mechanisms and pure strike-slip ones in close proximity to 
each other. 
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Along the zone of thrusting that runs the western coastal 
regions of the broader Aegean area, and the zone of extension 
that dominates the mainland of Greece, there is a rather narrow 
zone that shows E-W extension (Papazachos et al., 1986). This 
zone is probably a suture zone between two different tectonic 
regimes. 

Intermediate depth earthquakes 
Table II lists the fault plane solutions of the intermediate 

depth events of the period 1961-1987 occurred in the southern 
Aegean area (from Kiratzi and Papazachos, 1992). It is seen that 
there are very few large recent intermediate depth events with 
known fault plane solutions. However, the past has shown that 
st,rong earthquakes have occurred there (M 8.0) (Papazachos and 
Comninakis, 1969, 1971; Comninakis ansd Papazachos, 1980; 
Papazachos and Papazachou, 1989; Papazachos 1990). 
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Fig.4. Lower hemisphere equal area projection of the fault plane 
solutions of the shallow earthquakes of the broader Aegean 
area, (Modified from Papazachos et aI" 1992). 
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Table 1. Fault plane parameters for the shallow (h~40Km) earthquakes 
of the Aegean and surrounding area for the period 1963-1990. Data 
for five older events are also included (Revised from Papazachos 
et al., 1992). 

Date Origin Epicentral Nodal plane 1 
Time Coordinates strikeD dipD rakeD 

Lat"N Lon"E 

Ms Ref 

1928,Apr. 18 19:22:48 42.2 25.0 270 40 -90 7.0 24 
1932,Sept.26 19:20:42 40.5 23.9 90 40 -90 7.0 24 
1953 , Mar. 18 19:06:16 40.0 27.4 250 70 -160 7.4 24 
1956,July 09 03:11:40 36.7 25.8 65 40 -90 7.5 1 
1959,Nov. 15 17:08:43 37.8 20.5 46 37 187 6.8 3 
1963,July 26 04:17:12 42.0 21.4 322 73 -20 6.1 2 
1963,Sep. 18 16:58:08 40.8 29.1 128 35 -78 6.3 23 
1963, Dec. 16 13:47:53 37.0 21.0 296 16 101 5.9 3 
1964,Oct. 06 14:31:23 40.3 28.2 100 40 -90 6.9 23 
19 65 , Mar. 09 17:57:54 39.3 23.8 40 90 -6 6.1 2 
1965 ,Apr. 05 03:12:55 37.7 22.0 226 57 -159 6.1 2 
1 965 , Apr. 27 14:09:06 35.6 23.5 22 27 -81 5.7 5 
1965,June 13 20:01:51 37.8 29.3 259 38 -90 5.6 4 
1965,July 06 03:18:42 38.4 22.4 270 14 -90 6.3 2 
1966, Feb. 05 02:01:45 39.1 21.7 103 23 -75 6.2 6 
1966,May 09 00:42:53 34.4 26.4 295 40 90 5.8 2 
1966,Oct. 29 02:39:25 38.9 21.1 335 27 132 6.0 6 
19 6 7 , Mar. 04 17:58:09 39.2 24.6 98 54 -107 6.6 2 
1967,May 01 07:09:02 39.5 21. 2 2 36 -100 6.4 4 
1967,Nov. 30 07:23:50 41. 4 20.4 o 33 -107 6.3 6 
1968,Feb. 19 22:45:42 39.4 24.9 217 86 175 7.1 7 
1968, Mar. 28 07:39:59 37.8 20.9 354 34 137 5.9 6 
1968,May 30 17:40:26 35.4 27.9 293 25 90 5.9 2 
1968,Dec. 05 07:52:11 36.6 26.9 86 50 -90 5.9 2 
1969, Jan. 14 23:12:06 36.1 29.2 282 25 95 6.2 2 
1969 , Mar. 03 00:59:10 4 0.1 27.5 268 53 108 6.0 23 
1969 , Mar. 23 21:08:42 39.1 28.5 70 46 -128 6.1 2 
1969, Mar. 25 13:21:34 39.2 28.4 90 40 -105 6.0 2 
1969,Mar. 28 01:48:29 38.5 28.5 281 28 -90 6.6 2 
1969,Apr. 03 22:12:22 40.7 20.0 143 30 90 5.8 14 
1969,Apr. 06 03:49:34 38.5 26.4 280 30 -90 5.9 2 
1969 ,Apr. 16 23:21:06 35.2 27.7 301 30 109 5.5 2 
1969,June 12 15:13:31 34.4 25.0 294 29 105 6.1 2 
1969,July 08 08:09:13 37.5 20.3 353 18 116 5.9 3 
1969,Oct. 13 01:02:31 39.8 20.6 340 30 160 5.8 6 
19 70 , Mar. 28 21:02:23 39.2 29.5 280 30 -90 7.1 4 
1 9 7 0 , Mar. 2 8 23:11:43 39.1 29.6 73 32 -109 5.5 8 
1970,Apr. 08 13:50:28 38.3 22.6 278 20 -85 6.2 15 
1970,Apr. 16 10:42:22 39.0 29.9 273 30 -99 5.7 8 
1970 , Apr. 1 9 13:29:36 39.0 29.8 102 23 -90 6.0 8 
1970,Apr. 23 09:01:27 39.1 28.6 265 40 -83 5.6 8 
1970,Aug. 19 02:01:52 41.1 19.8 343 20 90 5.4 2 
1971 ,May 12 06:25:15 37.6 29.7 68 40 -90 6.2 4 
1971,May 12 10:10:38 37.6 29.7 73 14 -90 5.6 4 
1971,May 12 12:57:25 37.6 29.6 79 22 -72 5.7 4 
1971,May 25 05:43:26 39.0 29.7 97 40 -101 6.1 8 
1972,Mar. 14 14:05:47 39.3 29.5 101 40 -101 5.6 8 
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1972 ,May 04 21:39:57 35.1 23.6 308 18 90 6.5 9 
1972,Sep. 17 14:07:15 38.3 20.3 45 68 186 6.3 3 
1973,Jan. 05 05:49:18 35.8 21.9 306 30 82 5.6 8 
1973,Nov. 04 15:52:13 38.9 20.5 348 40 109 5.8 6 
1973 , Nov. 29 10:57:44 35.2 23.8 316 10 90 6.0 8 
1975,Mar. 27 05:15:08 40.4 26.1 68 55 -145 6.6 23 
1976, May 11 16:59:45 37.4 20.4 335 14 106 6.5 3 
1976,June 12 00:59:18 37.5 20.6 297 20 90 5.8 6 
1977 ,Aug. 18 09:27:41 35.3 23.5 270 12 114 5.6 10 
1977, Sep. 11 23:19:19 34.9 23.0 320 30 90 6.3 4 
1978,May 23 23:34:11 40.7 23.2 227 49 -64 5.8 11 
1978,June 20 20:03:21 40.8 23.2 278 46 -70 6.5 11 
1979,Apr. 15 06:19:41 42.0 19.0 318 12 90 7.1 12 
1979',May 15 06:59:23 34.6 24.5 253 17 65 5.7 10 
1979,May 24 17:23:18 42.2 18.8 330 22 90 6.3 12 
1979,June 14 11:44:45 38.8 26.6 262 41 -108 5.9 23 
L979,July 23 11:41:55 35.5 26.4 61 35 -40 5.5 21 
1980,July 09 02:10:20 39.3 22.9 82 42 -79 5.6 13 
1980,July 09 02:11:57 39.3 22.9 81 40 -90 6.5 13 
1980,July 09 02:35:52 39.2 22.6 81 40 -90 6.1 13 
1981 , Feb. 24 20:53:37 38.2 23.0 264 42 -80 6.7 23 
1981 , Feb. 25 02:35:54 38.2 23.1 241 44 -85 6.4 23 
1981, Mar. 04 21:58:07 38.2 23.3 230 45 -90 6.4 23 
1981,Dec. 19 14:10:51 39.2 25.2 37 67 -166 7.2 16 
1981 , Dec. 27 17:39:13 38.9 24.9 216 79 175 6.5 23 
1982.,Jan. 18 19:27:25 39.8 24.4 233 62 -173 7.0 23 
1982,Aug.17 22:22:20 33.7 22.9 246 31 125 6.4 3 
1983,Jan. 17 12:41:30 38.1 20.2 60 47 174 7.0 17 
19 83 , Mar. 23 23:51:05 38.2 20.3 31 69 174 6.2 3 
1983,July 05 12:01:27 40.3 27.2 248 70 -155 6.1 18 
1983,Aug. 06 15:43:52 40.0 24.7 48 83 178 6.8 19 
1984,June 21 10:43:46 35.4 23.3 322 16 114 6.2 3 
1985,Apr. 21 08:49:42 35.7 22.2 269 36 71 5.6 22 
1985,Apr. 30 18:14:13 39.3 22.8 77 50 -105 5.8 23 
1986,Mar. 25 01:41:35 38.4 25.1 261 84 27 5.5 22 
1986,June 8 04 :55:01 36.1 21.6 109 34 86 4.9 22 
1986,Sep. 13 17:24:34 37.1 22.2 200 50 -81 6.0 20 
1987,Feb. 27 27:23:35 38.5 20.3 46 37 -155 5.6 22 
1990,June 16 02:16:21 39.3 20.6 329 39 102 5.3 22 
1990,Dec. 21 06:57:45 41.0 22.4 265 46 -54 5.9 25 
1992, Nov. 18 21:10:42 38.3 22.4 80 59 -95 5.9 26 

1.Shirokova (1972), 2.McKenzie (1972), 3.Papadimitriou (1992), 
4.Papazachos et al. (1991b), 5.Lyon-Caen et al. (1988), 6.Anderson and 
Jackson (1987), 7.Kiratzi et al. (1991a), 8.McKenzie (1978), 
9.Kiratzi and Langston (1989), 10.Taymaz et a1. (1990), 11.Soufleris 
and Stewart (1981), 12.Boore et al. (1981), 13.Papazachos et al. 
(1983), 14.Ritsema (1974), 15.Liotier (1989), 16.Papazachos et al. 
(1984b), 17.Kiratzi and Langston (1991), 18.Dziewonski et al. (1984), 
19.Rocca et al. (1985), 20.Papazachos et al. (1988), 21.Ekstrom and 
England (1989), 22.NEIS, 23.Taymaz et al. (1991), 24.Papazachos et 
al., (1992),25. Panagiotopoulos, et al., (1993).26. Karakaisis et 
al., (1993). 
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Fig.5. Lower hemisphere equal area projection of the fault plane 
solutions of the intermediate depth earthquakes of the 
southern Aegean area. (From Kiratzi and Papazachos, 1992). 

Figure (5) shows the focal mechanisms listed in Table II. 
All solutions show high angle reverse faulting with a 
considerable strike-slip component. The earthquake with the 
largest known focal depth ever observed in this area is the one 
which occurred on April 10, 1976 with M =4.3, epicentral 
coordinates 37.31"N,24.94°E and focal depth lB3 Km (Comninakis 
and Papazachos, 1980). 

THE GEOMETRY OF THE BENIOFF ZONE 

In order to define the geometry of the Benioff zone with new 
data we collected all the earthquakes that occurred in the 
southern Aegean area for the period 1964 - 1989. The data for the 
period 1964-1979 are from Comninakis and Papazachos (1980). For 
the period 1965-1989 are from the bulletins of the International 
Seismological Centre (ISC). Only the intermediate depth 
earthquakes (h~ 70Km) were collected and only those that were 
recorded by at least 26 stations. In this way we believe we use 
the most reliable data set. 

The distribution of these earthquakes is shown in figure 
(6). Different symbols are used to denote different magnitude and 
depth ranges. Plots of the depth versus distance, (not shown 
here), showed that the slope of the Benioff zone equals 38° as it 
was previously defined (Papazachos 1990, Papazachos et al., 
1991). A delineation of earthquake foci was also observed in the 
western part of the Hellenic arc, in a NNE-SSW trend, up to the 
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area of Magnesia suggesting that the Hellenic arc is assymetrical 
in its shape. 
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Fig.6. Distribution of the intermediate depth earthquakes, of the 
period 1964-1989 recorded by at least 26 stations. 

Kiratzi and Papazachos (1992) using moment tensor analysis 
found that it is the A axes that follow the direction of the 
Benioff zone (and hence the subducted slab) and not the Taxes. 
This observation has been previously supported by Papazachos 
(1990), Papazachos et al., (1991) and differs from the results 
of Isacks and Molnar (1971), Taymaz et al., (1990), who state 
that the T axes are aligned down-dip of the subducting 
lithosphere. 

ACTIVE SEISMIC DEFORMATION IN THE AEGEAN AREA 

Deformation caused by the shallow seismicity 
Papazachos et al., (1992) calculated the active crustal 

deformation for the 26 seismic zones of the broader Aegean area, 
and the results are summarized in figure (7). It is seen that 
along the coastal region of Albania, Yugoslavia, and western 
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Table 2. Fault plane solutions of the indermediate depth 
earthquakes of the southern Aegean (from Kiratzi and 
Papazachos, 1992) . 

Date ~D AD M h(Krn) StrikeD DipD RakeD REF 
l. May 23, 1961 36 "6 28.~ 6."4 70 270 35 115 R 
2. Aug 28, 1962 37.8 22.9 6.8 95 241 51 58 M 
3. 1.1ar 31, 1965 38.6 22.4 6.8 78 286 17 60 P 
4. Apr 9, 1965 34.9 24.2 6.1 51 63 76 157 T 
5. Nov 28, 1965 36.1 27.4 6.0 73 350 30 162 P 
6. Sept 13,1972 38.0 22.4 6.3 75 235 76 48 K 
7. Nov 28, 1977 36.1 27.8 5.8 85 103 46 24 E 
8. June 15,1979 34.8 24.2 5.6 40 150 75 70 T 
9. Mar 19, 1983 35.0 25.3 5.7 67 44 51 139 T 
10.May 22, 1984 36.1 22.8 5.3 73 75 66 142 H 
11.June 19,1987 36.8 28.1 5.5 60 316 54 137 E 

R: Ritsema (1974) 
M: McKenzie (1972) 
P: Papazachos et al. (1991) 
T: Taymaz et al., (1990) 
K: Karacostas (1988) 
E: Ekstrom and England (1989) 
H: CMT Harvard determination 

Fig.7. Rates of active crustal deforma~ion in the Aegean and the 
surrounding area (Papazachos et al., 1992). 
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Greece the deformation is taken up by compression in a direction 
perpendicular to the coast line (N4 7or; ) at a rate of about 2 
rom/yr. In the Cephalonia island the deformation is taken up as 
N-S extension at a rate of 11 nun/yr compensated by E-W 
c'ompression at a rate of 10 rom/yr. In this area the dextral 
strIke slip motion has a rate of 2 rom/yr. Along the convex side 
of the Hellenic arc the upper crust is compressed at a rate of 
about 6 mm/yr in a direction N34°E, that is,_ in agreement with 
the motion of Africa relative to Eurasia. In the Aegean Sea and 
the surrounding lands the seismic deformation is taken up by an 
almost N-S extension at an average rate of 5 rom/yr. The dextral 
strike-slip motion in Northern Anatolia is 16 rom/yr. In the North 
Aegean trough the deformation is controlled by the westward 
movement of the North Anatolian Fault and of the extension of the 
Aegean area. Thus, the deformation is taken up by E-W compression 
at a rate of 16 rom/yr and by N-S extension at a rate of 8 rom/yr. 

The vertical crustal thickening along the compressional 
zones ranges from 0.2 to 0.5 rom/yr with an average of 0.3 nun/yr 
and the vertical crustal thinning in the extensional area ranges 
from 0.1 to 2.4 rom/yr with an average equal to 0.8 rom/yr. 

Deformation of the descending slab 
Kiratzi and Papazachos (1992) thoroughly investigated the 

deformation caused by the intermediate depth seismicity of the 
southern Aegean area. This was performed using a moment tensor 
analysis and information from recent and historical earthquakes. 
The results are graphically illustrated in figure (8). It is seen 
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Fig.8. Rates of sub-crustal deformation in the southern Aegean 
Benioff zone (Kiratzi and Papazachos, 1992). 

~hat the deformation of the subducting lithosphere is taken up 
by extension along the down dip direction of the Benioff zone at 
a ~ate of 8 rom/yr. This extension is mainly attributed to the 

..' ..' .. ... ... ,,' ..'' 
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gravitational forces acting on the descending slab. Parallel to 
the trend of the Hellenic arc we have the occurrence of 
compression that occurs at a rate of 21 mrn/yr. Kiratzi and 
Papazachos (1992) believe that this compression is the by-product 
of the extension observed down the dip of the Benioff zone. This 
deformation pattern is in very good agreement with the results 
of Hatzfeld et al. (1990). 

DISCUSSION AND CONCLUSIONS 

Reliable fault plane solutions show that the distribution 
of stress and of the seismic velocities in the Aegean area and 
the surrounding lands follow some clear patterns. The kinematics 
of the deformation is controlled by three factors: The westward 
motion of Turkey relative to Eurasia, the continental collision 
between NW Greece-Albania and the Apulia-Adriatic platform in the 
west, and finally the presence of the Hellenic subduction zone 
to the south. Along the coastal regions of Albania and western 
Greece coastal shortening occurs at a rate of about 2 mm/yr. 
Central Greece and western Turkey are dominated by normal 
faulting as it is clearly seen from the fault plane solutions. 
In the North Aegean Trough, the focal mechanisms declare strike 
slip motion on NNE-SSW nodal planes or alternatively they declare 
nearly N-S extension. In this area the extension of the Aegean 
is perturbed by the westward motion of the Turkish plate along 
the North Anatolian Fault. This dramatic difference between the 
N-S slip vectors on the normal faults in central Greece and the 
NE trending slip vectors on the strike-slip faults in the North 
Aegean Trough that led McKenzie and Jackson (1983, 1986) to 
postulate that block rotations about a vertical axis occurred in 
central Greece. In fact, the same authors believe that the Turkey 
- Eurasia motion cannot connect with the Hellenic Trench system 
without block rotations occurring in central Greece. The present 
rate of extension in the mainland of Greece, central Aegean and 
western Turkey is estimated to be about 5 mm/yr while the 
compression along the Hellenic arc is estimated to be about 6 
mrn/yr (Papazachos et al., 1992). The seismicity in the region of 
Crete is related to the N-S convergence between Africa and 
Eurasia (about 10 mm/yr at this longitude, Chase 1978; DeMetts 
et al., 1990) and to the extension within the Aegean province. 
The results show that the extension in the Aegean, as it is 
determined from seismic observations, is not faster than the 
convergence betwee n Af rica and Europe as it is sugges ted by 
others (Jackson and McKenzie, 1988a, b; Ekstrom and England, 
1989; Main and Burton, 1989). The extension is very fast only in 
the North Aegean area and further east in the North Anatolian 
Fault, but the overall extension rate is less than 10 mm/yr. In 
fact, the continental shortening in NW Greece and Albania does 
not allow the rotation of the western margin of this region to 
be rapid enough to accomodate the distributed E-W right lateral 
shear produced by the continuation of the North Anatolian Fault 
into the Aegean. This leads to E-W shortening in the northern 
Aegean at a rate of 16 mm/yr which is compensated by N-S 
extension at a rate of 8 mm/yr as the southern Aegean margin can 
move easily over the Hellenic subduction zone. 
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The length and the time over which these present day rates 
of extension and convergence have been operating is still not 
clear. The length of the seismically active part of the 
subducting slab is about 300 Km. If we assume that this part of 
the slab has been thrust into the mantle with the convergence 
rate estimated from plate motions (lcm/yr, Chase 1978) then we 
end up with an age for the subduction of about 30 Myr, in 
agreement with Spakman et a1. (1988). On the other hand the 
faster compression rates calculated by Jackson and McKenz ie 
(1988a) that are of the order of 50-60 mm/yr along the Hellenic 
T~enoh would yield an initiation of the subduction about 5 Myr 
ago. If we accept that the subduction started 13 Myr ago 
(LePichon and Angelier, 1979), then we would expect a rate of 
convergence of the order of about 2 cm/yr, which is much more 
likely to occur. At any rate we still cannot be positive since 
there is no doubt that the strain has varied spatially over the 
time (Mercier et 03,1., 1989). 
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