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ABSTRACT

The tidal triggering effect is manifested in the difference
of the number of events occurring during the phases of tidal
compression and tension. This difference reflects the stress
state and mechanical instability in a particular volume of the
lithosphere. A detailed study of earthquake occurrence times
versus tidal phases is undertaken for the area of Greece, limited
by 34-42° N. and 19-28° E. The triggering effect connected with
tidal deformations is investigated and interpreted in terms of
lithospheric stress state.
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NEPIAHYH

To @aLVSUEVO TNg TMAALPPOLAKIG TPSHANCNG T LOUWY EXDnAWveETAL
otn dLagopd Tov aplBuol Twv CelOpwv Tou yivovialL gInv diLdpreta
TwV QATJEWV TIAALPPOLAKNG CUUTLEONG MAL EQEAMLOpOV. AuTh n SLagopd
avtavarid tnv xatdotaon tou mMediou TwV TATEWV MAL TNG HNXAVLHNG
acTtdPeLag e €va CUYHEMPLHEVO SYHo Tng ALBSocpaLpag. EmLxeLpeltal
HLA AETTOHEPNG HEAETN Twv Ypdvwv YEVEONG TWV OELOUWV JE OXEQN HE
TLG TOALPPOLAKEG QACELG OTNV TepLoXn Tne EAA&Dag (34-42° N, 19-
28° E). MeleTdTal TO @QALVSEHEVO Tng TPSMANGNG TwV OE LOPEYV ond
TAALPPOLAKEG HETQAHOPPUOELG HaL eTLxetpelTaLl n oVvbeor Tou He Tnv
natdotaon Tou Medliou Twv AlLbBoopalpluwv TAOEwv.

INTRODUCTION

Tensosensitivity and vibrosensitivity are fundamental
properties of crustal rocks. Tensosensitivity is manifested in
deformations (Beresnev, I.A. and Nikolaev,A.V., 1990;
Nikolaev,A.V. and Verestschagina,G.M., 1991), in wave-velocity
changes connected with earth tides and background tectonic
processes. Vibrosensitivity is dispayed in seismic and acoustic
emission variations induced by storm microseisms and by the
artificial vibrations generated by seismic vibrators
(Longman,1959). It appears also in the specific influence of
underground nuclear explosions and strong earthquakes on
seismicity as remote as 1500 Km and even more (Nikolaev and
Nikolaev, 1992). So it is clear that the fine structure of
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seismicity may be affected by earth tides. There have been
several attempts to study these effects, but as far as we know
their results are rather contradictory and unstable both
spatially and temporally. This study is oriented towards the
regularities of seismicity's fine structure associated with earth
tides (Nikolaev and Nikolaev, 1993; Rukunov, et al., 1979). Earth
tide stresses may be considered as a periodical loading of the
Earth's crust which interferes with the background tectonic
stress field. The background process may be connected with the
process of preparation of a strong earthguake, creep or weak
seismicity. Taking into account that the majority of earthquake
sources 1s a result of movement along the fault plane one may
consider three main types of fracture: normal fault, strike-slip
fault and thrust. The earthquake triggering process depends on
the slow background changes of the stress field and on the
comparatively short variations of earth tide stresses. Depending
on the earth tide phase, tidal forces can act both towards the
geodynamic process or be opposed to it. Thus it can either
stimulate or suppress the triggering effect. At the very end of
the preparation process of a strong earthquake even a very small
stress change may trigger the earthquake and this guantity can
be a tidal stress which interferes positively with the regional
stress field in the area of the impending earthquake. Hence the
character of tidal stresses acting at the moment a strong
earthquake occurs corresponds to the character of stress released
by it. Therefore the study of tidal phases in relation to the
earthquake occurrence times allows us in principle to solve the
inverse problem; to find the character of stresses acting in the
individual earthquake source as well as the +“endency and
character of the stress field prevailing during a certain time
interval in a certain volume of the Earth's crust.

There are algorithms available for the calculation of earth
tide characteristics for every geographical point and every time
moment. The Longman's algorithm (Yaramanci et al., 1988) has been
used in this study. It is evident that the real structure of
tidal deformations has complex structure as a result of lateral
inhmogeneities of lithosphere. So the calculated values should
be considered as strongly generalized and smoothened ones. The
technique was applied in the following manner. The region limited
by 34-42° N and 19-28° E was separated into small windows 0.5x0.5
degrees. The catalogue of Greek earthguakes with M > 4 which
occurred in the period 1900-1985 (Comninakis and Papazachos,
1986; Montlhy Bulletins of the National Observatory of Athens and
of Geophysical Laboratory of the University of Thessaloniki) was
used to study the tidal triggering effect. The total number of
events is more than three thousands.

Fig. 1 shows the map of earthquake distribution. Two numbers
are shown 1in each window. The upper one N corresponds to the
earthquakes that happened during the phase of compression and
the lower one, N durring the phase of tension of the modulus of
the tidal vector. The difference between these numbers, N -N_,
may be considered as a concequence of the tidal triggering effect
if it is statistically confident. From the statistical point of
view, more informative is the characteristic of the normalized
difference, (N,-N)/20,where o is the standard deviation of the
mean value (N ~-N)/2. For the binomial distribution of N, and N_,
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Fig.2 shows the map of normalized differences (N,-N_)/20.
47% of the whole region displays the domination of compression,
and 44% the domination of tension. The highest value, 2.6, is
obgerved towards the south from Skyros island. In this particular
case the hypothesis of tidal influence on the triggering of the
events must be accepted with a probability of more than 0.994.
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Fig.2. The map of normalized differences (N - N)/2ao.
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The following main regularities of spatial distribution of
(N, ~ N.)/2c are seen: the areas characterized by similar
response of the tidal deformation are clustered and form rather
large areas stretching up to 200-400Km. This regularity may be
considered as an independent indication of the nonrandom
character of the N, - N difference. Fig.3 shows the spatial
distribution of the normalized difference versus the phase of
tidal modulus.
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Fig.3. The map of general stress state: 1) compression,
2)tension, 3) neutral.
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Fig.4 shows the spatial distribution of the normalized
differences versus the phase of vertical component of the tidal
deformation. The main feature of this map is rather similar to
that seen in the Fig.3. Meanwhile the map of N, - N_ versus the
horizontal component of the tidal deformation, shown in the
Fig.5, is more chaotic, but the western part of the Hellenic arc
is expressed very clearly.
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Fig.4. The map of the state of vertical stress: 1) compression,
2) tension, 3) neutral.
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General compresssion 1s observed in Crete,

central Aegean,

eastern Dodecanese, Corinthiakos Gulf, nothern Macedonia, Attica
western and southern Peloponnesus, eastern JIonian (Fig.3).
General tension dominates in northern Aegean, southern Albania,
Ionian, central Peloponnesus, western Turkey (Fig.3).
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Fig.5. The map of the state of horizontal stress: 1) compression,

2) tension,

3) neutral.
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Vertical compression is observed in the Icnian, Patraikos
Gulf, southern Peloponnesus, western and eastern Crete, western
Turkey, northern Aegean and northern Macedonia. Vertical tension
prevails in Peloponnesus, central Crete, Lesbos, west coast of
Peloponnesus (Fig.4).

Horizontal compression dominates in Macedonia, northern
Ionian, Corinthiakos Gulf, west coast of Peloponnesus, south
coast of Crete, northern Aegean, Albania. Horizontal tension
prevails in Cephalonia, western and eastern Crete, western Turkey
(Pig:5) -

Generally the stress field is very complicated: compression
prevails in the outer parts of the Hellenic arc, and tension
prevails in the inner part of the Hellenic arc. In our opinion
this method may be very helpful for stress field monitoring using
small seismicity and for earthgquake prediction.
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