’late teetonics in the area of Grecee

as reflected in the deep focus scismieity

A G GALANOPOULOS (%)

Reeeived on Nevemboer 21st, 1972

Riagsunro, — La siemisitdh a fuoce prefonde a sud del mare Egeo
lungo due fasee larghe 200 km, comprese fra N 60° E ¢ N 300 W, risulta
proicttata su piani verticali mediani; i piani sono perpendicolari tra loro
ed alla gineitura dell’arco delle Tsele Greehe e corrono lungo larghe zone di
anomalie di gravitd negativa ¢ positiva in corvispondenza della parte con-
cava ¢ convessa di esse. Dalle pendenze della piattaforma Africana nelle
due sezioni ehe si incrociance, come dedotto dalla sismiciti a ineeo profondo,
si & frovalo che la esatta inclinnzione della piattaforma africana ¢ di elrea
20¢e, la giacitura a N 58¢ W. La massima pendenza perpendicolare alla
giacitura & in direzicne N 320 L, Riportando su mappa gl ipecentri profandi
si notu che essi si dispongone lungo la direzione qi massima pendenza della
piattaforma Africana, dando conferma a guanto previsto.

Iinelinazione della piattaforma  Africana rieavata dalle due sezioni
che &1 inerociano a swd del mare Egvo, e dello stesso ordine (i grandezza di
quella trovata sperimentalmente per lintera area compresa fra il 192 ¢ il
2090 Mervidiano ¢ il 34° e 42¢ Parallelo, Dalla piccola pendenza della piat-
taforma Afrieana fin sotto Laveo delle Isole Elleniche s potrebhe azzardare
U'ipotesi che la spinta proveniente da sotto lo strato della litosfera nel Me-
diterranco ovientale & pin recente di guella osservata sotio Parveo delle
isole Calabresi nel Mediterraneo occidentale e¢/o che il horde della piat-
taforma nella zona ovientale & al confronto pitt sotiile, eiod pit ealdo.

Vi & un'ulteriore testimonianza che la spaceatura della piattaforma
Afrieana in due segmenti lungo la fossa Cretese petrebhe meglio spiegare
la distribuzione anomala degli ipocentri dei terremoti intermedi nell’area
della Greeia. Si suppone che la lacerasione e lu spinta sotto la piattaforma
Africana al di sotto dell’Eurasia fu accompagnata da una specie i compres-

{*} National Observatory of Athens. Seismmolegical Institute, Athens
{Greece).
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sione da sud-ovest dovuia alla formazione dell’Atlantico nel (Giurassico e
(retaceo Superiore,

Sunmmary, — Deep focus scismieity in the SBeuthern Aegean ¥ea along
two helts, two hundred kiloweters wide, trending N 60c B and N 300 W,
wag projected on the median vertical planes; the planes arc perpendicular
to each other and to the strike of the Hellenie Island arc and rnn across
the large zones of positive and negative gravity anomalics in the concave
and eonvex eide of the are. From the slopes of the Afriean plate in the
two ecross-section, as refleeted in the deep foens seismieity, it was found
that the true dip of the African plate is nearly 20v; the strike of the plate
is N 58 W. The direction of maximum slope being perpendicular to the
strike is N 320 Ii, Calenlation was confirmed by plotting deep locus seisii-
city along the direction of maximum slope of the African plate.

The dip of the African plate found from the two cross-sections in the
Southern Aegean 8ea is of the same order of magnitnde with that fonnd
tentatively for the whole area bownded by the 190 and 29¢ Meridians and the
34° and 42¢ Parallels. From the small slope of the African plate under the
Iellenic Island are one might dare to speculate thal the underthrusting
of the lithospheric slab in the eastern 3Mediterrancan is mueh younger in
cowparison to that observed nnder the Calabrian Island ave in the western
Mediterranean and/or the margin of the plate in the eastern arvea is com-
paratively lighter, i.c. hotter.

There is further evidenee that disruption of the African plate in two
segiuents along the Cretan furrow might aceonnt mnueh hetter for the ano-
malous distribntion of hypocontres of intermediate earthquakes in the
arca of Greece. Tt is assnwed that underthrusting and tearing of the African
plate beneath the Lurasian wus accomplished by a compression acting from
southwest due to the opening of the Atlantic in Jurassic and Upper
Cretaccous,

INTRODUCTION

In an attempt to study the “Space and Time Variations of Strain
Release in the Area of Greece' (5) the foci of earthquakes with M =
4 3/4 ocewrred between the Meridians of 1921 and 29°E and the
Parallels of 34° N and 420 N during the period 1841-1959 were pro-
jeeted on two median vertical planes running parallel to the 24° B
Meridian and 38° N Parallel. The two cross-sections tentatively cons-
lructed allowed at fhat time to make the following remarks:

“For the present, the intermediate shocks appear to oecur be-
tween the Meridiang of 20.0° 1 and 28,0° E with a clear increase of
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the focal depth from west to east. The distribution of the foei of the
intermediate shocks suggests the existence of a bowulary surface
dipping hetween the meridians of 20.20 B and 28.0° T from a depth
of 100 km to & depth of 200 km'.

“The foei of the intermediate shocks appear to oceur between
the Parallels 34.0° N and 40.0° X, but their majority is expressdly
confined between the Parallels 34.6° N amd 38.00 N. If we disregand
the foeal depth of 170 km appeared at the latitude 34.0° N, the dis-
tribution of the intermediate foei marks o wedge plunging 200 km
deep ab the 36.52 N latitude. The two surfaces of the wedge dipping
from a depth of 130 km af the latitnde 34.5¢ N, and 8¢ lan at the lat-
itude 40.0° N, towards the depth of 200 kmn at the latitwde 36.5° N,
show the same inclination. It is interesting to note that the cusp
of the werge is at the 36.5° N Tarallel eclose to which the active vol-
anoes of Buntorin aid Nisyros are situated®,

Tn a reeent analysis of the seismicity and fanlt plane solutions
in the Mediterranean area, D. I'. McKenzie {18) was led to suggest
the existence, in the eastern DMediterrancan, of two small, vapidly
maoving plates,  The first, named the Aegean plate, comprises the
Aegean Sea, part of mainlund Greece, Crete, IRhodes and western
Turkey. The second — the Turkish plate includes most of Turkey
and Cyprus. In terms of theories of plute tectonies, the relatively
high earthguake activity in the area of Greece about 2 percent
of the earthguake energy relensed in the world —is directly related {o
movements along the bonndaries between these subplates and the
main plates which flank them to the north (Enrasian Plate) and south
(African Plate). Morphologically the Aepean subplate is marked to
thie south and west by the Hellenic Trough and to the north by ihe
Baros (1) Graben; its eastern margin is rather uneertnin. It is dificult
to identify plate boundaries clearly. The distribution of intermediate
depth earthguakes under the Aegean Bea is very complicated (27).

The extension of the North Anatolian shear fault — zone through
the Saros Graben, the Trikkeri-Canal fault inte the Gulf of I’atras
and the shear fault — zone of Cephalonin — Zunte was first suggestoed
in 1965 (0), Exceptionally intense earthgnalee activity in the northern
Aegean Sea in 1967, March 4 (39.20 N, 24,60 I%; W = 6 1{2) and 1968,
February 19 (39.40N; 25.001; M = 71/{2) substaniiated the sug-
westion.

From an analysis of the seismicity of the Mediterrancan basin
Caputo et al. (7) were led Lo the condusion * that the Afriean plate




88 Av (b, GALANOPOULOS

is wedged under the Euro-Asiatic plate with a slope of approximately
582 in the Lipuari region and 35° in the Aegean region’. The analysis
of the seismicity in the Aegean region was based on a list of earth-
quakes covering the period 1961-196%. According to V. Karnik (*¢),
the dip angle of the seismic interface is about 30°; estimation is based
on intermediate-depth shoeks data over the observation period
1901-1970. Depth distribution of the earthguake foei over the period
1845-1959 had previously revealed that the dip of the African plate
under the Hellenie Island are is mueh more gentle, i.e. a low-angle
(=200) thrust ocewrs. This iy in accordance with the theory, that
the oceanic lithosphere, becanse of its strength, is unlikely to bend
sharply {15).

DATA AXD METHOD APPLIED

Like so many other geological problems, the determination of
the slope of the African plate leans heavily on personal opinion. None
the less, it was thought worth while to check the ddiscrepaney in the
dipping of the Afriean plate by using frst I.8.C. data of the most
recent period, 1964-1968; the period includes 4-years accurate data
of the National Seismological Stations Network recently established
in Greece,

All duta between the Meridians 190 I8 and 292 1 and the Parallels
34° N and 429N were projected on a vertical plane ulong the 240
Meridian, Although the new data cover merely a 5-year period, the
pattern of the space distribution of the earthquake foei is very alike
to that found in 1965,

If we disregurd a few focal depths of small shocks, one might
be allowed to speculate that the Aegean subplate having the form
of a wedge overthrusts the African plate as well as the Kurasian one
(s, Hig, 1), As reflected in the deep foeus seismicity, the Furasian
plate plunges downwurd to the Aegean subplate at an angle of about
15¢ or 52 smuller than the relatively colder, i.e. heavier Afrvican plate.
Apparently the two plates approach each other wider the south Aegean
voleanice are, at the apex of the Aegean wedge, between 36° N and
379 N Puarullel.

The area limited by the Parallels 36° N and 37¢ N iy most charac-
teristic for being the place of several sharp, loeal magnefic anomalies,
and a nest of great intermediate earthguakes of magnitude 8 and over.
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Fig. 1 — Vertical ervoss-gection of hypocentres of the carthguakes ocenrred
between the Meridians of 189 and 28° F and the Tarallels of 340 and
42¢ N during the peried 1964-1968. All hypeeentres arve projecied onto
i vertical plane oriented parallel to 247 E Meridian.

All the great intermediate -depth earthquakes ocenr along a hell which
is parallel too, bhut arcound 100 km inward of the Hellenie Trench {11),

In order to determine the true Jdip of the African plate wo projected
deep foens seismicity over the period 1903-1967 (5. Table 1} observed
in the southern Aegean Sea along two belts, two lmndred kilometers
wide, on the median vertical planes. The planes, trending N 600 13
and N 300 W, are perpendicular to exch other and fo the strike of the
ITellenic §sland arc amd run across the large zones of positive and
negative gravity anomalies in the coneave and convex side of the arc
(5. Fig, 2), A few focal depths of small shocks or ol ones — when
instrumentation was less sophisticated — deviated from the apparent
trend of the lithospheric slab were properly ignored in the determi-
nation of the plates slope (s, Fig. 3).
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Fig. 2 — Aveal distribution of epicentres of intermediate-depth carvthgquakes
ceourred in the sonthern Aegean Sea, along the belfs AA, BB and
CC, during the period 1903.1967. Gravity contowrs after Artemiey (2).

From the slopes of the Africun plate in the two cross-seetions,
a8 refleeted in the deep foens seismicity, it was fonnd that the true
dip of the African plate Is nearly 200; the sirike of the plate is N 582 W,
The direction of maximum slepe being perpendicular to the strike is
N 320 K, This is in accordunce with the northeastard, gentle dipping
of the African plate indicated by the faunlt-plane solutions (1.19).
Calenlation was confirmed by plotting deep foeus seismicity along the
direction of maximum slope of the Alrican plate (s. Fig. 1),

The dip of the African plate found from the two cross-sections
in the southern Aegean Sea is of the same order of magnitude with
that found tentatively for the whole area. bounded by the 19° and
200 Meridians and the 34° and 420 Parallels. From the small slope
of the Africun plate under the Hellenic lsland are one might dare
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to speculate that the underihrusting of the lithospheric slab in the
eastern Mediterranean is much yvounger in comparison to that olb-
served under the Calalwian Tsland Are in the western Mediterranean
andfor the margin of the plate in the eastern area is comparatively
lighter, i.e. hotler.
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Fig. 3 — ¥Yertieal sections oviented perpendieular fo cach other and Lo the
Hellenie Island Are showing distribution of hypocentres of intermediale-
depth carthgnakes feom 1903 through 1967, Hypocentres are projecied
from distances within - 100 ki of cach seelion. Bymbols ave the same

us for g, 2.
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The eustern Mediterrancan crust is eloser to continental crust,
while the western Mediterranean crust is closer to oceanic. In the
eastern Mediterrancan the total crustal thickness is estimated at
23-24 kni, mostly composed of a low-velocity, thick sedimentary
strneture {991).  Another marked ditference is in the direction of the
seismic zone «lipping; in the Lipari region the seismie zone dips
NNW (23), ie. perpendicular to the zone dipping obscrved in the

SSW NNE

i El Piny  Trench Coolt  creton  Furrow oy il _‘-*‘_‘_f_.\_,_l

: |
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s ]

|
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a =" GT _'.2".- “‘.\'_- _?l',_ :I(F _360_—42?. 4B0 3ag - BO00 wm

Fig. 4 — Vertieal scetion oriented parallel to the diveetion of maximum
glope of the lithospheric slab showing ddistribution of hypocentres of
intermediate-depth earthguakes from 1903 through 1967, Ilypoecntres
are projected from distances within =100 ki of the section. Bymbnols
are the same as for Fig, 2.

Aegean region (NNE). In the Tyrrhenian Sea continental crust seeims
to be pushed down under an oceanic one (), and the inclined seisnie
zone reaches depths of 480 kmy; in the Aegean Sea the selsmic zone
dips gently and reaches depths of about 200 km. In the Calabrian are
magnefic anomalies are considerably greater in amnplitude than thoge
measuredd in the Aegean wvoleanie are (V).  Another feature of the
Hellenic are is a maximum gravity gradient of 1.3 mgalfkm hetween
a minimum of —180 mgal free-uir anemaly a few kilometers south-
east of the Btrabo Trench and a value of +120 mgal abont 200 km
north-west of this peint, at the Tsland of Augo in the Acgean Sea (1)
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Table 1

Li18T 01 INTERMEDIATE-DEPTH EARTIHQUAKES OCCURRED IN THE DBELTS,
TITAT WERE TUSED FOR TNE CRORS-SECTioNs AAY, BB, CC, axn DIy
DURING THE PERIOD 1903-1867 *,

Date Liocation [ Depth Magnitude
Lat. Long. ! km | ar

1962, Alay 1 38.20 N 2051 92 4172
1943, Jan. 7 381/2° N 201720 K 100 51/2 GR
1967, March 13 38.3° N 20.6° 1 117 4
1966, Nov. 27 39.53v N 20.9¢ E 76 312
1963, May 6 39.40 X 20.90 1 105 514
184636, Sept. ¢ 38.B¢ N 21.0° K 05 3
19863, April 30 39.60 N 21,10 T 70 434
1967, May 4 39.80 N 21.20 F, GO 4 3/4
1066, April 12 37.80 N 21.3° K L 31/2
1967, May 1 30.3° N 21.3¢ 15 70 33/4
1966, May 8 38.9¢ N 21,50 1 83 111
1966, March 13 38.7° N 21.6° E 65 4142
1967, May 3 39,40 N 21.6¢ E 85 334
1967, Auz. 13 35.0° N 21.8° Ik 219 334
1066, Mmeh 28 38.7° N 21.8° 1L 7l 414
1066, Jan, 30 38.9¢ N 2]1.80E 87 4
1963, Jan. 31 35.9° N 21.L9° E 62 5174
1967, Sept. 14 36,00 N 21.90 F G¢) 412
19466, Julvy 13 37.60 N 21.00 E 81 33/4
1926, Sept. 19 360 N 29uv L 80 61/4 GR
1067, Sept. 14 36.1° N 22.0° Lk 83 h
1066, Jan. 17 38,1° N 22.0° I3 62 334
1967, Nov. 1 38,40 N 22,02 15 80 3
1032, Aug. 15 39140 N o0 104) 51/2 GR
1961, Jan. 28 30.3¢ N 22,00 o 80 i
1925, June G 37.80 N 22,10 K 120 $1;2 GR
1966, Sept. 24 38.10 N 2210 E 71 43/4
1067, Jan. 5 38.90 N 23 J° B 107 41/4
1967, May + 30,00 N 2210 F 4 4
1965, Mareh 31 38.6¢ N 22 90 B 78 +1/2
1966, July 31 35,70 N 2230 K 7l 4
1966, June G 38.0° N 22.30 E 99 334
1965, March 9 38.5° N 2210 § GG +
1962, Jan. 10 35.80 N 2250 E 87 b
1965, March 23 36.60 N 2957 | 141 1
1467, March 13 3730 N 29,50 [X 79 41/2
1438, Sept. 18 38 N 22 1/20 & 100 61/2 GR
1965, May 29 358.1° N 22,60 I a9 | 4+1/2
19862, July 31 36,50 N 239 %o I 109 H
1982,, July 1 36 340 N 23 340 K 120 6.2 GR
1462, Aug. 28 37.8° N 22.9v E 95 6 3/4
1903, Aung. 11 36e N 23% E 100-150 83 GR
1931, June 30 36 1/20 N 832 E 1004 51/2 GR

* Data denoted by GR were tuken from “Seismicity of the Earth and A ssociuled
Phenomena’ (13): the others were compiled from “Talerialional Seisnio-
logical Sumamary’” and “Bulletin of the Iniernativnal Seismological Centre™.
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Daie

1048, Sept. 11
1943, Mareh 1
1965, Febhr. 26
1926, Aug. 30
1954, Aug. 6
1961, Aug. 27
1961, Dec. 11
1946, April 4
1967, April 4
1964, July 17
106G, Mareh 27
13, Jan. 15
1961, et 3
1964, May 18
1930, Mareh 6
1964, April 20
1954, July 25
1930, Fehr. 14
1960, sept. 23
1923, Aug. |
1923, Aug. 3
1966, Sept. 2
1935, Fehr. 25
1953, June 23
1918, Julv 16
1664, Dec. 31
1911, Apr. 4
14965, July U
1G4, June 15
1934, Nov. §
1064, Ang. 17
LOG6, April 12
1936, Aug. 8
1961, Bept, I8
1830, Mareh 6
1643, June 27
1842, May 0
1664, July 18
1465, Jan. 2
1961, Jan. 7
1963, Marelh 5
1966, Aug. 18
19467, Aug. 10
1938, June 2
1953, Febr. 14
1029, Mareh 27
LG5, June 10
196G, Bept., 6
1954, Sept. 4
1967, Aug. 28
1958, May 27
1936, April 28
1967, Dee, 5
1967, May 15
1966, Hept. 10

Laeation

Liat,

370 N
5.8 N
35,10 N
3634w X
36340 N
35.60 N
36,49 N
35 1/4o N
35.60 X
38.00 N
38400 N
36,10 N
35.4° N
36,00 N
350 N
3510 N
36,20 N
35 340 N
35.3° N
33° N
35° N
35.5° N
35 3/4°N
35.7° N
351/20 N
35.8° N
36 1/20 N
34,50 N
340 N
36 340 N
35.3° N
35.0° N
340 N
3440 N
34120 X
3 N

35 1/2° X
3610 N
3650 N
3549 N
36,10 N
36,20 X
40N
3 120 N
35 1/20 N
34 /40 N
.40 N
36.70 N
36,74 N
36.7¢ N
36.8¢ N
3G 3/4v N
36,500 N
3440 N
36.50 N

Long,

280 1
23.10 v,
23.20 11
23140 10
23 149 L
23.40 14
23.40 11
23 1/20 1
23.60 I
23.60 1
23.90 1
24,00 I,
24,10 I,
24,30 I
24 1/20 I
24,50 Iy
24,50 14
24 3/40 |
24.00 I
250 B
250 12
25.00 1
250 I
25.30 I
25 1/20 E
25.5° &
251/20
25.60 &
2579 &
25 340 E
25.9¢ 11
25.00 I
260 17
26,00 I
260 |4
260 K
260 K
26.00 1
26,10 1
26,20 1
9,20 1
2,30 I
2,40 I
a6 1/2¢ I
26 1/2¢ I3
21 1/20 15
26460 I
26.6° K
26,70 1
26,70 K
26.7° K
26 340 1
26,80 E
26,90 12
26,9 K

Trepth
km

100-114)
156
02
104)
100
L2
i)
100
73
156
178
100
100
100
1)
i
L))
130
118
130
150
72
S0
100
150
R4
144}
il
W2
1-0)
i+
158
61
6H2
130
100
100
99
3%
75
77
133
74
120
100
120
142
158
130
169
165
170
137
4
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N5

1967,
1965,
1965,
1935,
1961,
1926,
1942,
1061,
1964,
1958,
1966,
1965,
1965,
1966,
1966,
1944,
1926,
1943,
1944,
1964,
1966,
1967,
1964,
1938,
1963,
1960,
1966,
1966,
1964,
1964,
1964,
1967,
1964,
1964,
1967,
1964,

Daie

Jan. 16
May 7
Febr, 6
March 18
Iebr. 27
July 5
June 21
Teby. 27
Sept. 24
June 30
Jan. 30
Jan. 9
Nov. 28
May 10
Oct, 29
May 27
June 26
Oet. 16
Aug, 0
April 25
Jun, 22
Sept, 10
Aug. &
Jan. 16
Febr. 106
Nov. 18
IPebr, 8
Dee. 25
May 13
June 8
Oet. 13
Aug. 9
Aug, 245
Aug, 25
Julv 25
Dee, 18

Location

Lal.

36.60 N
36.7¢ N
3549 N
35 1/20 N
36,40 N
36120 N
36 1720 N
3660 N
3H.3o N
36,40 N
3700 N
36.0v X
3610 N
36.5° N
34.70 N
360 N

36 1/20 N
361720 N
36 1/2¢ N
35.530 X
.00 N
35.5° N
33.00 N
36 1/20 N
36.70 N
3a.20 N
36.20
35.20
30.3v
3630
36.90
37.00
34,30
34050
37.8¢
35.60

LA A LA AN,

Long.

2.9 K
26,92 K
27.0¢ F
270 E
2l
29w In
370 1

25,00 I
ag.1e I3
2817 L.
28.2¢ B
28.20 K
28.32 E
28.3° E
28,40 F
28,50 K
28,62 7
28.6° [
28.7° K

Trepth
km

154
162

Magnitwde
M
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ITRCUSHITON AND REMARKS

Tt is necessary to state at first that the seismic evidence so far
is not compelling for any plate model of the eastern Mediterranean;
in view of this and of the theoretical difficulties of eausing centinental
crust to sink (17), the model of the Aegean subplate overthrosting the
European plate in the Saros Graben is open fo revision. Nevertheless,
it should he kept in mind, that there is the possibility the Sarvs Graben

to be a remnant of the Middle Jurassic oceanie crust ().
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The earthquale fault-plane solutions of dMeKenzie (18) show that
“the Aegean plate Is moving towanls the south-wesi relative to the
LEnropean plate, produecing extension and strike slip on the boundary
between them®. According to McKenzie, this suggests that the Saros
Graben has been produced like the East African Rift “by extension
of the crnst, associated with the large basgic intrusions’., Puarl of the
Saros Graben has an associated magnetic anomaly (1),

Tt is worth noting that voleanies locuted to the north of the Saros
Graben (western Thrace, Rhoilope, western Macedonia) exhibit rel-
atively low Ko0[Nif}: (G, Paraskevopoulos, personal communication)
in comparison to those encountersd just to the south of the Graben
{Orthrys, S8t. Enstratios, Lemnos, Imbros, Lesbos, Chios, Karaburun,
Izmir). The occurrence of some shocks of intermediate focal depth
on the northern boundary of the Aegean subplate makes the suggestion
wenlk; neither the Buast Afriean Rift nor the Middle Oceanic Ridges
are associnled with intermediate earthquakes. Tn addition to this,
the fanlt-plane solutions in the eastern Mediterranean are very com-
plicated (18) and the evidence from them is not compelling, especially
when the conditions for well-defined nodal plane solulions are nol
tnlllillel (28).

On the other hand, even solutions considered reliable and well
determined do net happen always to be consistent with the orientation
and (lip of the seismic zohe. As a striking exnmple we cite the fault-
plane solntions of three earthquakes belonging to a very narrow region
of Greece (3. Fig. 3); 1962, Angusil 28 (38.00 N, 23.1° E; i == 120 km,
M = G634y, 1964, July 17 (3810 N, 23,60 E; h == 155 km, M = 6 1/4)
arl 1965, March 31 (38.60 N, 2240 F; = 78 km, M = 6 1/2). The
firgt and most reliable selulion is given by Wickens and IHodgson (22),
the others two by McKenzie (). The depths of 120 km and 78 lum
assigned respectively to the 1962 and 1965 earthquakes are revised
le 95 km aml 45 km in the “International Seismological Summary’
(1968) and the “Bulletin of the International Seismologieal Centre
(1968). The solutions are similar in respect to indicating extensional
stress parallel to the dip direction of the African plate,

The fault-plane solntions of the two recent, largest earthguakes
(M = 71/2) ocenrredl in the southern and northern Aegean Sea in
1956, July & (36.9° N, 25.8°E; % == normal) and 1968, February 19
(30,40 N, 25.001; £ = T km) are similar (s. Fig. 6): in both cases the
extensional siresses are aligned approximately parallel to the direction
of underthrusting inferred {from the slablike zone of intermediate-depth
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Fir. 5 — Fault-plane solutions of three intermediate-depth earthquakes

in the sustern part of mainlaul Greeee after Wiekens and Hodgson (%)
and MeKenzie (1%),  The [ocal mnechanising are shown as cgnal-area
projections of the lower focal hemisphere.  The open cireles are the
axes of compression, 7; and the elosed cireles ave the axes of tension, 7.

hapocentres and approximately perpendicular to the alignment of
the aetive voleanoes in the southern Aegean Sea. The dip of the in-
elined zone, about 152 to the south, is of the same order of magnitide
to that inferred from the distribution of intermediate-depth hypo-
eentres henecath Peru (14). The diflerence in the two solutions is merely
in the sense of the relutive motion between the two sides of the Tault;
in the northern Aegean Sea the motion is right-handed (%), in the
soutlhern area left-handed (7). The solutions are consistent with a
general southwestward movement of the Aegean subplate relative to
Burasia and Africa. The solutions might be considered relinble and
well determined, sinee they meet fuirly well the requirements set up
by Stevens and Hodgson (%), Tn both solutions the number of the
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push-pull ohservations are nearly hundred or over; the score 79, Tt is
worth noting thai hotl earthquulkes were accompanied by a tsunami;
the 1956 tsunami ocenrred in the southern Aegean Sea was very
destruetive (#).

From the two vertieal eross-sections across the Tlellenie aure it
was fonnd that the African plate is dipping N 320 8. Tf there was
a single slab dipping N 320 F, in a cross-section along the strike of
the slab the zone of suberustal shocks should extewnd all along to about
the same depth. With this in mind we construeted the N 580 W vertical

A) B)

Pig. 6 — Fault-plane solutions of two major shallow carthiquakes in nortliern
{A) and zouthern (B) Aegean Sea after Delibasis and Drakopoulos (5)
and Wickens and llodgson (). IFocal mechanismms and symbols are
shiown as in Fig. 5.

crogs-section (s, Fig. 7} Curiously, at first glinee the cross-section
shows two successive slablike zones of intermediate-depth hypoeentres
dipping southeast at the same angle, of about 14e. A pronounced
minimum in the shallow and suberustal seismicity between the two
zones supports the view,

If this happens indeed, the existence of the first slab could be
interpreted as a remnant of the Middle Jurassie oceanic crnst. The
apparent bending of the plate starty at the Sub-Pelagonian zone that
containg mafic and uliramafic vocks associated with cherts of the
Middle Jurassic age. It was theorized (28), that some of the ophiolite-
chert sequences could represent “slices of oceanic crust and mantie
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Wig. 7 — Areal distribution of cpicentres (above), and vertical seetion ori-
ented parallel to the strike of the lithospherie slab (below) showing
distribution of hypocentres of intermediate-depth earthguakes from
1803 through 1867, llypocenires are projected from distances within
4100 km of the seetion.
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thrust up onto the continents during part of the Alpine orogeny™.
If this holds, the Sub-Pelagonian zone might mark the near — by
existence of a former plate margin that vanished into the mantle {7).
In that case, the complete detachment of the sinking lithosphere
might account for the existing evidenee of two parvallel seismie planes{1s).

ITowever, an agsumption of this Kind is invalidated in the present
ease by the low-angle thrusting; the low-angle thrusting of the oceanic
lithosphere heneath the confinental lithosphiere is reasonably assumed
to take place at an carly stage. In that case, the two parallel seismic
planes ean not refleet past-episodes of lithospherie sinking. The
existence of a second slab stumbles also on the evidence dervived from
the previous eross-sections. In addition to this, the second slalb ap-
pears Lo dip anomalously towards the Hellenie trougl, ie. opposile
to what is generally observed beneath the island-ave struetures. We
are therefore foreed to aceept that the depth of the slab along the
eross-seclion DIVis praetically the same, considering the limits of
ervor of focal determination (4- 25 km)., The existence of a foeus at
a depth of about 150 km {13) beneath the lonian Sea (1942, May 21;
ST if2eN, 20120F, M =51/2) v much in favour of the second
nolion.

Another puzzle is the appearance of suberustal activity in going
along the strike of the plate, from the continental to oceanie side, well
beyond the Pliny Trench (12), A line of epicentres appears to coincide
with the Mediterrancan Wall (#). Tt seems that southeast of Crele
and Rhodes the decoupling of the sinking lithosphere from the litho-
sphere beneath the ocean basin starts much far to the south at the
Strabo Trench (s, Fig, 8).

Becuuse carthgnakes are few in number at depths below 160 km,
diserimination between the two possibilities is quite vncertain. If the
lirst case is correch, the complex system of nndertlirusting inferred
from the two slablike zones of infermediate-depth hypoeentres beneath
the Hellenie Island are should be aseribed to o contortion of the
African plate.

In general, beneath the Aegenn Sea the intermediate carthquakes
full in a patltern that does not (it a simple model of a continuous in-
elined seismic zone dipping from the treneh hHeneath the voleanoes (209,
A northward underthrusting of the Afriean lithospherie shield, eausing
a northward dipping seismie “Beniolf Zoune™ is not compatible with
the pattern of spatial distribulion of infermediate-depth earthquakes
in the eastern Mediterranean (12). 1t {8 worthnoting thut the hypo-
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Pig. 8 — Physiographie provinees of easternn Mediterrancan extracted fram
Allan and Morvelli ().

central distribution in the Cyprus area shows about the same picture
(nuximmm slope of the lithospherie slab about 259 direction of nmuax-
imum slope N 72¢ E).

In view of this data the author has the feeling that disruption
of the Afriean plate in two segments along the Cretan Furrow, as
depicted in Fignre 9, might account much better for the anomalous
digtribution of hvpocentres of intermediate earthquakes in the area
ol Greece, Similar plate model has originally advanced for the 1onshu
aren by Isacks and Molnar (4). T is assumed that underthrusting and
tearing of the African plate beneath the Eurasinn wus accomplished
by a compression acting from south-west due to the opening of the
Atlantic in Jurassic and Barly Cretaceons.

The model may account for the X 320 E (direction of maximum
slope of the underthimsting plate, the northeast-southwest trend of
linear magnetic anomalies of several hundred gammas observed in
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the Aegean Sea (1), the very high subecrustal activity along the Cretan
Furrow and the relatively high Ha0)/8i(): that exhibit voleanies en-
connbered in the eastern (Dodecwnese) and puarticularly the north-
eastern matgin of the Aegean Bea (2419),

It is tempting to theorize that due to the squeezing out exerted
by the tearing aupart of the African plate asthenosphere maferial is
still npwelling along the arcnate sutnre marked by the southern
Aegean voleanie are, The proposed interpretation of the Aegean
voleanism does not contradiet Van Bemmelen'’s coneept, “that the
Low Velocity layer underneath the Mediterranean belt is splitting up
inte a low-density [raction ol basaltic magma amd a high-density

Fig. 9 PPostulated plate tectonies in the area of Greeee.

crystalline residue’ (28), A surficial lead not [ully compensated at
depth might acconnt for the existence of the large zone of positive
isostatic anomalies {4100 mgal) in the sonthern Aegean Sea. This
is in disagreement with Fleischer’s notion (8) that “the present mor-
phology of the area has probably developed from an uplifting of the
sew bottom of the Aegean Sea’. According to Van Bemmelen (28),
“The geology, the geomorpliology aund its highly positive gravity
anomalies of the Cycladean region indicate rather that this is an ac-
tually subsiding ernstal ares’’,
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Fix. 1¢ — Boundaries and junctions of oll vigild blocks muarked by geonior-
phology, surface geology and epicentres of major and Luorge shoceks
supposedly resnlts of interaction of adjacent blocks over the period

1050.1072,

[# must be reminded that the plate model suggested in the pres-
ent paper for the aren of Greeee is in accordance with the existing
gtress-lield as reflected Dby the meclanism of the Furopean earih-
quakes. Accoriling to R. Ritsema (22), “The Aegean Sea sector resen-
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bles a ‘Verschluckungszene' for material drifting in from NW and
ENE". The possibly small northward movement ol the African plate
during the past 10 My seems to have played a minor role in the process
of block, plate or are movements in the eastern Mediterranean ().

An alternative scheme that might aceount for the observed seis-
micity in the area ol Greeee is that marked by the houndaries of the
cratons or the crystalline masses and the delineation of the epicentres
of major and large shocks (s. Fig, 100, It i3 neediess to say that none
of Lhe proposed models really imposes itsell as conelusive.
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