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SEISMOAOTIA.— Counterclockwise rotation of the stress pattern in
the area of Greece, by A. G. Galanopoulos - N. Delibasis*.
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ABSTRACT

The counterclockwise rotation of T-axis in 14 out of 15 cases, irrespectively of the
fault type mechanism, and of both principal axes in 9 cases, might be an abjustment pro-
cess of the tectonic stress field, indicative of a rotational phenomenon closely related
to the deformation agents being in action in the Aegean area. Counterclockwise rotation
either of the underthrusting African plate or the overthrusting Aegean subplate might
account for this phenomenon. However, the seismotectonic regime in Greece indicates
that both these mechanisms are involved in the shaping of the regional tectonic stress
field.

INTRODUCTION

1. Unusual Spreading of Earthquake Energy.
A M; 71/, earthquake occurred on December 19, 1981, at 14 :10 : 51 be-
tween the islands Skyros and Lesbos in the north Aegean sea (39.2° N, 25.2° E).
The shock was particularly felt on Lesbos Island. Intensities of VIII degree
on Mercalli - Sieberg scale were assigned to Heppion and Pamphyla and
VII - VIIT to Arisvi. Damages of VII degree were observed at Megalocho-
rion, Petra, Parakoela, Pighi, Aphalonas, Anemotia and Agra. Similar dam-
ages were reported from Skyros Island (VII at Skyros). The VI degree iso-
seismal exceeded several lokalities on Lesbos Island, and according to Press
reports some in western Turkey, encompassed the island of Psara and
reached the localities Lithion, Lagada, Kardamyla and Kataraktis on Chios
Island as well as Octhonia on Euboea.

The shock was felt to the south and southeast as far as Crete (IV at
St. Varvara, Neapolis and Sitia, III at Zaros, Gagalae, St. Deka, Stavro-
chorion, Perama and Palaeochora) and Karpathos (IV at Menetas), to the
west and southwest as far as Arta, Preveza, Acarnania, Elis, Messinia and
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Laconia and to the northwest, north and northeast as far as Thesprotia,
Jannina, Florina, Pella, Kilkis, Serres, Drama, Rhodope and Evros. Accord-
ing to Press reports it was also felt in Southern Bulgaria. The shock was
not felt on the Ionian Islands. The Corfu Island, the most distant from the
epicentral tract (ca.460 km) is equidistant with Crete Island on which
several localities have experienced the shock.

The same phenomenon was observed in the case of the M, 61/, after-
shock (38.9°N, 24.9° E) that occurred on December 27, 1981, at 17 : 39 : 15.
The shock was felt at Heraklion (II1), at Malabes and Katochorion (II - III)
on Crete Island, as well as on Leukas Island (III at Leukas and Karya), but
not on the island of Zante, Ithaca and Corfu.

A similar Mg 71/, earthquake on February 19, 1968, radiated from
the same area (39.4° N, 24.9°E) was felt to the south as far as Crete (III
at Neapolis). The M; 6 !/, earthquake in Corinthia (38.0°N, 22.4°E) on Septem-
ber 13, 1972, was felt over the whole island of Crete and the shaken area
reached St. Isidoros on Rhodos Island. Similar observations from other
earthquakes on August 28, 1962 (37.8°N, 22.9°E), March 31, 1965 (38.4°N,
22.3°E) and April 5, 1965 (37.7°N, 22.0°E) throw much doubt on the
validity of the wide-spread notion that the seismic energy experiences a strong
attenuation in the area of the Aegean back-arc basin. (Sieberg, 1933; Papa-
zachos et al., 1971 ; Galanopoulos, 1980 ; Delibasis, 1982).

A My 7 earthquake occurred again in the north Aegean sea on January
18, 1982, at 19 : 27 : 24, with a focus (40.0°N, 24.3°E) not far from the
source area of the 1981, December 19 major earthquake (39.2°N, 25.2°E).
The new shock affected the islands of Thasos and Lesbos with a VI-degree
intensity and the felt area reached the lonian Islands (Corfu, Leukas and
Zante), as well as the Cyclades (Ios and Santorin) in about the same epi-

central distance.

2. Violation of Earthquake Repeat Tim e. The repeat
time for Mg 71/, earthquake based on a linear reccurrence model for a 4-
square degree area centered at 391/,°N, 241/,°E ranges from 180 to 400
years. This is in striking disagreement with the unexpected occurrence of
two nearby earthquakes with Mg 71/, (39.4° N, 24.9°E and 39.2° N, 25.2°E)
in a time interval of about 15 years (1968, February 19 and 1981, December
19). A previous earthquake with M, 71/, in the 4-square degree area cen-



550 IIPAKTIKA THXE AKAAHMIAY A®OHNQN

tered at 391/,°N, 241/,°E dates 1905, November 8 (401!/,°N, 24!/,°E).
This makes 3 earthquakes with M 71/, in a time interval of 76 years, or
on an average about one every 25 years®.

APPARENT ROTATION OF STRESS PATTERN

1. Recent Cases. The 1981, December 19 and 27 earthquakes
had their sources in the Skyros graben. The focus of the 1982, January
18 earthquake was seated in the Sporades graben. The two grabens are sepa-
rated by a horst bounded by two antithetic faults. The fault in the south
strand dips to the South and the other in the north strand to the North
(see Fig. 1).

Waverly P. Person, editor of the “Seismological Notes”, in the BSSA
gives the following fault plane solutions (1982b, 1983 c).

For the December 19, 1981 earthquake: “The preferred fault plane
solution from P-wave first motions corresponds to a moderately well con-
trolled strike-slip type mechanism. NP1 : strike =135 degrees, dip = 88
degrees, slip = 18 degrees. NP2 : strike = 44 degrees, dip = 72 degrees, slip =
178 degrees. Principal axes: (T) PLG =14 degrees, AZM =1 degree,
(P) PLG = 11 degrees, AZM = 268 degrees”.

For the December 27, 1981 earthquake: “The preferred fault plane
solution from P-wave first motions corresponds to a moderately well con-
trolled strike-slip type mechanism. NP1: strike = 120 degrees, dip = 86
degrees, slip = 9 degrees. NP2 : strike = 30 degrees, dip = 87 degrees, slip =
176 degrees. Principal axes: (T) PLG =5 degrees, AZM = 345 degrees,
(P) PLG =1 degree, AZM = 75 degrees™.

For the January 18, 1982 earthquake: “The preferred fault plane
solution from P-wave first motions corresponds to a moderately well con-
trolled strike-slip fault mechanism. NP1 : strike = 340°, dip = 77°, slip = 33°.
NP2 : strike = 242°, dip = 58°, slip = 165°. Principal axis: (T) PLG = 32°,
AZM =206° ; (P) PLG = 13°, AZM = 107°".

1. Footnote added in the proofs: Another Ms 7 earthquake in the
same area (40.2° N, 24.7° E) having occurred on August 6, 1983, has made the discrep-
ancy between the observed and the derived time of recurrence for earthquakes with
Ms = 7 much more striking.
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Fig. 1. Simplified summary of Aegean Tectonics after Rotstein (1983). Following Dewey

and Sengor (1979). Heavy lines (broken where poorly defined) = faults; stippled = Neo-

gene-Quaternary grabens; open circles = hot springs; heavy lines with open triangles
on upper plate = subduction zone.
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All the events above mentioned had a strike-slip type mechanism.
From the distribution pattern of the aftershock epicenters we may desig-
nate with confidence the nodal plane given by NP 2 in the above solutions
as fault plane.

The first two solutions are fairly similar. The principal axes are almost
horizontal. The NP 2 dips to the southeast and has nearly the same strike
with the fault that borders the north side of the Skyros graben. In the third
case the NP 2 has a similar trend with the bordering fault in the southern
side of the Sporades graben. In the first two events the foot-wall block, i.e.
the south side of the horst, moved to the northeast; in the third event the
foot-wall block in the north side of the horst moved to the southwest.
This indicates that the third event was the result of a tendency for coun-
terclockwise rotation of the fault block that separates the two grabens,
i.e. the third earthquake was a sympathetic event. This surmise is corrob-
orated by the counterclockwise rotation of the axis of least principal
stress (T-axis). In the first two events the orientation of the T-axes is almost
the same (1° and 345°). In the third event the orientation of the T-axis
changed abruptly by at least 140° (AZM = 205°). This change is beyond
the limits of error of the azimuth determination of the principal axes.
In the main event the azimuth of the maximum principal stress (P-axis)
was 268°. In the sympathetic event the azimuth of the P-axis changed
by about 160° (AZM = 107°). This change is of about the same order of
magnitude with that of T-axis.

Considering that distensional tectonies is predominant in the Aegean
area, eventual rotation of the T-axis in several similar cases might yield
important clues to the earthquake process. With this in mind we proceeded
to examine another couple of earthquakes with M 63/, and 6/, that occur-
red previously on February 24, 1981, at 02 :35:53 (38.2°N, 22.9°E) and
March 4, 1981 at 21 :58:06 (38.2°N, 23.3°E) in the area of the Gulf
of Corinth. Waverly P. Person (1981, 1982 a) gives the following fault plane
solutions for the second couple.

For the February 24, 1981, earthquake: “P-wave first motions cor-
respond to a normal fault type mechanism with a strike-slip component.
Moderately well controlled solution with one plane striking N 60 degrees
(E) and dipping 60 degrees SE and the other plane striking N 32 degrees
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W and dipping 50 degrees NE; P-axis plunges 53 degrees toward azimuth
275 degrees, T-axis plunges 6 degrees toward azimuth 177 degrees”.

For the March 4, 1981, earthquake: “P-wave first motions indicate
normal faulting with a component of strike slip. Moderately well controlled
solution with one nodal plane striking N 30 degrees E and dipping 45 degrees
SE and the other nodal plane striking S 62 degrees W and dipping 47 de-
grees NW; P-axis plunges 79.4 degrees toward azimuth 227 degrees, T-axis
plunges 10 degrees toward 132 degrees”.

Surface faulting observed in the epicentral tract and distribution
pattern of aftershock epicenters point out that the first nodal plane is the
fault plane in both cases. However, no matter which of the two nodal planes
is the fault plane both solutions indicate normal faulting with a compo-
nent of strike slip. Although the fault type mechanism in this case is dif-
ferent to that observed in the north Aegean sea, the principal axes seem
to have been submitted to a similar rotation. The azimuth of the T-axis
changed by 45° (from 177° to 132°). The change of the P-axis is of the
same order of magnitude (from 275° to 227°). This counterclockwise rotation
is fairly beyond the limits of error of the azimuth determination of the P
and T-axes.

Going back we meet another pair of Mg 6!/, earthquakes with the
same behaviour. Both earthquakes occurred on July 9, 1980 at 02 : 11 : 57
and 02 : 35 : 52. The earthquakes had their epicenters in the Magnesia gra-
ben (39.3° N, 22.9°E and 39.2° N, 22.6° E). The fault plane solutions obtained
by the junior indicate normal faulting with a counterclockwise rotation
of the T-axis by 180° (from 215° to 35°). The change of the azimuth of the
P-axis by 31° (from 115° to 146°) might be within the limits of error of
the azimuth determination of the principal axes.

2. Other Cases. The counterclockwise rotation of the T-axis
in three recent earthquake bursts in the area of Greece aroused the suspi-
cion, that this might not be fortuitous but a rather usual phenomenon in
the Aegean area. To check this we tried to compile a list of earthquake pairs
with fault plane solutions mostly well controlled by adequate number of

P-wave first motion polarities.
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The adopted list (see Table I) consists of 15 earthquake pairs?!. Of
these pairs 4 had solutions corresponding to normal faulting, 5 to reverse
type faulting and 2 to trunscurrent or strike-slip type mechanism. The other
4 had one solution corresponding to normal faulting and the other to reverse
type faulting or vice versa (see Fig. 2).

The solutions of all the earthquake pairs but one (no 6) indicate a
counterclockwise rotation of the T-axis from 45° to 180°. The solutions
of the pair no 6 indicate clockwise rotation of the T-axis by 16° and
counterclockwise rotation of the P-axis by 103°. Considering that compres-
sional tectonies is dominant in the area of the Ionian Islands (Mercier,
1981), the exception indicated by the fault plane solutions of the earth-
quake pair no 6 might be atributed to the above mentioned reason.

The solutions of the earthquake pairs no 3, 4,7 (normal and reserve
type faulting), 1, 8,9, 10, (reverse type faulting), 14 (normal faulting) and
15 (strike - slip type mechanism) indicate counterclockwise rotation of both
axes (P and T). The solutions of the earthquake pairs no 11, 12, 13 (normal
faulting), 2 (normal and reverse faulting) and 5 (transurrent type mecha-
nism) indicate clockwise rotation of the P-axis only. It might be noted
that the azimuth change of the P-axis in the pair no 5 (by 5°) is too small
to be reliable.

DISCUSSION AND CONCLUSION

The counterclockwise rotation of the T-axis in 14 out of 15 cases,
irrespectively of the fault type mechanism, and of both axes in 9 cases,
might be an adjustment process of the tectonic stress field, indicative of

1. Footnote added in the proofs: Another pair of recent earthquakes
(1983, Jan. 17 and March 23) might be added to Table I. From the fault plane solutions
published by W. J. Person (BSSA: Vol. 73, No 6, p. 1958, Dec. 1983 and Vol. 74, No 1,
p. 355, Febr.1984) we have: for the first shock (38.0°N, 20.2°E, Ms=7) a reverse
fault type mechanism with principal axes: (P)PLG = 35°, AZM =230°; (T)PLG = 55°,
AZM =50°. And for the second shock (38.3°N, 20.3°E, Ms =61/,) a strike-slip fault
type mechanism with principal axes: (P)PLG =3°, AZM =266°; (T) PLG =20°,
AZM =357°. The earthquake pair shows a counterclockwise rotation of 53° for the
T-axis and a clockwise rotation of 33° for the P-axis. The fault type mechanisms are
R and S, respectively. It is worth noting the consistency in the counterclockwise rotation
of the T-axis in 15 earthquake pairs out of 16 compiled.
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a rotational phenomenon closely related to the deformation agents being
in action in the area considered.

The apparent tendency for a counterclockwise rotation of the T-axis
surmised from the focal mechanism of 14 pairs of earthquakes in the area
of Greece might reflect a counterclockwise rotation either of the under-
thrusting African plate or the overthrusting Aegean subplate.

The first rotational model was advanced by Le Pichon and Angelier
(1979). Assuming that the lonian trenches result from underthrusting per-
pendicular to their direction, whereas Pliny and Strabo trenches result from
relative motion parallel to their direction and taking for granted that the
transverse topographic lineaments offsetting the Ionian trenches and the
SW-NE portions of Pliny and Strabo trenches are transform faults they
calculated a pole of rotation close by to the northwest near 38°N, 20.5° E.

Furthermore from the azimuth of the horizontal projection of 14 slip
vectors compiled from published fault plane mechanisms of shallow earth-
quakes at the consuming plate boundary they computed an eulerian pole
at 40°N, 17.8°E. The least squares solution has given a standard devia-
tion of 20°. Consequently the second eulerian pole is close to the pole of
rotation obtained independently from bathymetric trends.

A second set of 50 slip vectors has given the pole position with an
alternate treatment at 41.5°N, 16.1°E and 39.5°N, 18.5°E. The theo-
retical slip vectors correspond to the adopted pole at 40° N, 18° E. Such
a pole accounts for the difference in structure between the mostly trans-
form portions of the Pliny and Strabo trenches and the purely consum-
ing portions of the lonian trenches.

A counterclockwise rotation of about 30° of the Hellenic consum-
ing boundary explains adequately the geometric configuration of a slab
underthrust along the Hellenic trench and the distribution of intermediate
seismicity.

Based on the age of the volcanics on Crommyonia and Milos Le Pichon
and Angelier were led to adopt an average rate of rotation for the sink-
ing slab of 2-3°/m.y. It is assumed that the present phase of under-
thrusting started at the latest in Serravallian - Tortonian times, roughly
13- 12 m.y. ago.
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The second rotational model put forward recently by Yair Rotstein
(1983) is based on the assumption that the Aegean and Anatolia are parts
of one plate complex undergoing counterclockwise rotation.

The rotation is accomodated by subduction along the eastern Mediter-
ranean with the overthrust of Aegean - Anatolia over Africa. Rotstein beli-
eves that the combined effect of transform motion on the North Anatolia
fault zone and obstruction of normal subduction in southwestern Turkey
results in a modified rotation of the Aegean with the pole of rotation in
the zone of obstructed subduction near Rhodes. The rotation away of
Rhodes is still counterclockwise but the pole of rotation is probably the
zone of side arc collision.

Any mechanism proposed to explain the unusual tectonies of the
Aegean region must, if it is to be generally accepted, account for the
two centers of higher earthquake activity observed in the area of Greece
(Galanopoulos 1963, 1973). The first center in the area of Cephalonia -
Zante is associated with crustal activity. The second center in the south-
eastern Aegean has mostly a subcrustal origin (Galanopoulos, 1971). The
centers of higher activity should be associated with the peripheral regions
of the rotating block.

The Cephalonia - Zante center is rather close to the rotation pole
of the Le Pichon - Angelier’s geodynamical model. Consequently the first
center of crustal seismicity is not compatible with the above model. On the
contrary internal deformation in the peripheral subducted region of the
rotating oceanic block might well account for the subecrustal activity of
the southeastern Aegean center.

On the other hand the rotation pole of the Rotstein’s geodynamical
model is too close to the southeastern center of higher tectonic activity.
Therefore Rotsteins’s model is not consistent with the Aegean seismic center.
On the contrary internal deformation in the peripheral overthrusting region
of the rotating continental block may easily explain the Cephalonia - Zante
center of crustal activity.

It might then be reasonable to assume that both these mechanisms
are active in the area of Greece. The tensional grabens of Patras and Corinth
with the common apex in the area of Rion and a shape facing at opposite
directions might be indicative of two rotational patterns of deformation.
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If both these mechanisms are indeed in action one can easily explain not
merely the regional geological and geophysical trends, but also much of
the details of the Aegean complex tectonics.
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>AveEaptitog Tob eldoug Swxophfewmg, of pmyaviopol Tév 14 dmd To 15
Cedyn deuxvdouy alolntihv otpogiy Tol &Eovog T xata Thv dvadpopov @opav.
Eic 9 énd tag 14 mepimtddoeis 7 oTpo@l xatd THY Gvadpopov Qopay Tapovctdle-
Toe xal elg Todg dVo &Eovag P xal T. Mévov eig 1 mepintwoty and tag 15 6 dEwv
Eaytotng tacewg (T) mapovsialer pixpayv otpogiy (16°) xata iy dpbhv gopdy,
xol 6 &Ewv peylomng tdoews (P) peyddnv otpogiy (103°) xate Tiv dvadpopov
popav. ‘H mepintwoig Spwg abty dvapépertar eic Lelyog celopdv mwod cuvéBnooy
g wlev g meproyiic Tie Alyalag Smomhdxag, el Thv meptoyRv TéY “Toviwy viicwy,
dmov &yl dery0f 6ru émupatoly Tdoels cuuTiécEnC.

‘H oawopévny tdois otpogiic Tob &Eovog Elayiotng tdoews (T) xara Ty
avadpopov gopay eic 14 Cebyn Swdoyixdv ceioudv éni e Alyaiag dmomhdxag
elvar mhavéic Endniwote dowtepinils Tapapopphoews &8 avahéyov 6TROYTG TG
Omoxetpévng Aoyw xatadbocws mhdxag ThHe “Agpuxdg, B Th¢ Omepxeipévng Aoy
¢rwlficewg dmomiaxag Tob Alyatiou.

Eilg 10 yewduvapixdv dmbéderypo tédv Le Pichon - Angelier 6 wéhog orpo-
o7ic TH *Appuxiic v oyéoet mpdc T6 Alyalov ebpioxerat eig Ty meptoyny Tob Thpav-
tog (40° N, 18° E). Eig 76 yewduvauixdv dnédetypo tob Rotstein 6 mwéhog otpo-
o¥fig Tie Alyalag Smomhdrag ¢ weds TV “Agpuxiy edploxetar eig Ty meptoyny
i Pédov.

To mpdrov Ombdeiypa oTpopic Sueatoroyel T6 xévrpov MNOENWEVYG, Eviia-
nécou xuplwg, oeLouxilc Spdocwe oL TapovslaleTal eig TO voTloavaToAtndy Alyaloy,
G &duvatet va EEnynem v Eyybs Tob Téhou oTpogic peydAny Emipavetoaxny
celopeny dpdioy mod moapatnpsitor el Thy meployhy Kegaddnviog - Zaxidvlov.
To Sebrepov nvmpatindv drdderypa 6Tpogic Sixatohoyel TV Tapovsiay TOU xév-
Toov NOENEV cetopindl dpdcews Kepaddnviag - Zaxdvlov elc thv mepioepeta-
XAV TEPLOYIY THG GTPEPOUEVNG XaTd TV Gvddpopov gopay dromAdxag Tol Alyalov,

Mo &duvatel va EEnynom v mapovsiay wANDovg peydhwv Evdiapéowy celoudy
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b A \ b ~ \ 3 \ ~ 4 ~ ~ e 4
elc 16 votwoavatohxdv Alyatov mod elvar Eyyde tol méhov e1pogp¥c 7ol Umodei-

ypotog TolToY.

Ot dvwrépw Abyor patvetar va cuvnyopeby Omep g éxgppalowévns cig Ty

mapoboay Epyactay mbdews, 6t nal 7 Omoxciuévn whdxa xal f dmepxeipwévy Hmo-

TAdxe GTPEPOVTAL TPAYWLATL XaT) THY dvddpopov @opav méplE 1@V dvapepbéviny

/ (! .S ~ A k) ~ e ] 2 ~ 4 \
oAy, ‘O cuvduacudg TGV SVo adtdy dmodetypdtwy 6TpopTc paivetal va Sukato-

Aoy Emapxdis Gyt pévo TATOTO YEWAOYIXO XAl YEWQUOIXA YAOUXTNPLOTIXK THG

TEOLOY T, GG %ol THY xoTd Yevirhy 6pohoyiay ToAITAOKeY TexTovixny Tob Alyaiov.
«

N.
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