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ANAKOINQZEIZ MH MEAQN

SEIZTMOAOTIA.—Variation of the Annual Strain Release Pattern in
the Region of Greece, /y N. D. Delibasis and A. G. Galanopou-
Tos™, "Avexowddn 70 tod *Axadnuuixed x. M. K. Mnroomotiov.

INTRODUCTION

It was previously asserted (Galanopoulos, 1963) that both maps of
earthquake efficiency in Greece, constructed for the periods 1710 - 1959 and
1841 - 1959, show in general the same trend of isoenergetical contours. Both
maps reveal that the main part of the earthquake energy released in the
area of Greece comes from two well developed centres of higher seismic activ-
ity, located along the large fault zone bordering the western and southern
coasts of Greece.

In the centre situated along the western coast of Greece the earthquake
activity rises rapidly towards the middle region of the centre, and culminates
between the islands of Cephalonia and Zante and the entrance to the Gulf
of Patras. The middle region of the centre situated in the southeastern Aegean
Sea covers the area between Rhodes, Karpathos and Kos.

Now it was thought that a set of similar maps constructed for one year
period could reveal some details about the variation in the distribution of
the seismic centres, and in turn these could possibly throw some light on the
rheological behaviour of the Alpine folding in the area of Greece. To test
the resolving power of the proposed method four maps showing the strain
release pattern for 1958 through 1961 were constructed for the time being.

METHOD APPLIED

For mapping the annual strain release the method described in the pre-
vious paper (Galanopoulos, 1963) was in general applied. At the first step the
total strain release, i.e. the sum of the square roots of the earthquake energies
for each one-degree quadrangle (1° lat. 1° long.) was calculated from S =

3
% E; [2, in which the summation extends over all earthquakes of magni-

tude = 4%/, having occurred in the corresponding cell. The individual strain
release was computed from the formula :

logE h_5s +0.75M,
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where M is the magnitude on the Richter scale and E is the released seismic
energy in ergs. Where the epicentre was situated on the borderline between

two adjacent square degrees or at the middle point of four square degrees,
1

the individual strain release, expressed in 10''(ergs) ts units, was divided
equally among them. At the second step the cumulative strain release of four
adjacent square degrees was further summarized and divided by four. Then the
weighted mean of the four cells was inserted in the center of the quadrangle
formed by the cells considered. The procedure was successively applied over
the entire region. Thus a new grid system of square degrees with averaged
strain release values was formed. Now the distance between two successive
weighted means denoting the annual strain release — i.e. the cumulative
«rebound displacement» after Ritsema (1954) or the «tectonic flux» after
Amand (1956) —in each square degree was divided by contours graded in
levels of 5 per cent of the unit.

It was thought that the general accuracy of locations of earthquakes
occurred in the area of Greece does not permit, for the time being, the use of
cells of smaller size. The difference in the area of the cells due to difference
in latitude, amounting to about 8!/, per cent from 34° N to 42° N, was not
considered important for the reliability of the strain release pattern owing
to smoothing process applied. The data used were taken from the «Seismolo-
gical Institute Bulletiny published by the National Observatory of Athens

_for years 1958 through 1961.

DISCUSSION

It is a fact that the frequent occurrence of earthquakes in Greece allows
the distribution of seismic zones to be defined very accurately by the strain
release patterns. The annual patterns of strain release in the area of Greece for
years 1958 through 1961 show very small variations in the distribution of
seismic zones. In general the annual strain release patterns are very similar
to the average patterns previously found for the periods 1710 - 1959 and
1841 - 1959 (s. Fig. 1 and 2).

The southeastern centre of maximum strain release in 1958 (s. Fig. 3)
is not connected with the western centre; but appears at the normal place,
between the islands Kos, Karpathos and Rhodes, with a well expressed tongue
over the middle Crete. The activity in this centre culminated on June 30, 1958,
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with the occurrence of an intermediate shock of M =6 (36.5° N, 27.4° E).
The western centre, between Cephalonia and Zante, shows a very clear tend-
ency to extend southwestwards of Zante Island, Two tongues from the
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Fig. 1.— Earthquake efficiency in Greece derived from earthquake data over the period

1710 - 1959.

western centre licked up the tips of Kassandra and Sithonia peninsulae and

the western coast of Greece. The maximum of the seismic energy released
in this centre is due to a shock of magnitude 6 '/, on August 25, 1958 (37.8° N,
20.5° E). The secondary centre at the boundary of Greece-Albania shifted
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on April 3, 1958, by a shock of magnitude 5.7 (41° N, 20° E) one degree north-
wards, at the latitude of the Ochrida and Prespa Lakes. The strain release in
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Fig. 2. — Earthquake efficiency in Greece derived from earthquake data over the period
1841 - 1959.

the main centres reached in 1958 a maximum 2'/, times higher than the
average found for the same regions over the time interval 1841 - 1959. The
Albania centre shows a strain release equal to */, of the annual average.
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Fig. 3. — Strain - Release Pattern in the Area of Greece in 1958.

The strain release increased in 1959 (s. Fig. 4), but the main features of
the pattern remained the same. Due to a shock of magnitude = 6°/, on Novem-
ber 15, 1959 (37.8° N, 20.5% E) the western centre shifted a little to the west and
the south of Zante Island and the tectonic flux increased almost to the double,
in comparison to that of the previous year. The northeastern tongue of the
1958 western centre split into a transient centre at the mouth of the Gulf
of Salonica, but the strain release remained at the same level. The Salonica
centre appeared on May 14, 1959 (40.0° N, 23.3° E) with two shocks of magni-
tude 5 - 57/,. The southeastern centre split up into two centres, one north-
east of Rhodes Island appeared on April 25, 1959 (37.0° N, 28.5° E) with a
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shock of magnitude 6.3, and the other over the middle Crete. The second
centre appeared on May 14, 1959 (35° '/, N, 24° 3/, E) with a shock of magni-
tude 6 '/,. In both centres the strain release reached a level about twice
higher than the average. The Crete centre is connected with the Zante centre
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Fig. 4.— Strain - Release Pattern in the Area of Greece in 1959.

by a narrow bridge. The secondary centre of Albania remained at the same
place but the tectonic flux, owing to two shocks of magnitude = 6 on August
17, 1959 (41° N, 19 '/, E) and on September 1, 1959 (41.0° N, 19.6° E),
developed a maximum 3 '/, times higher than the level of the previous year.
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The gulf of lower earthquake activity in the northern Aegean Sea is well
defined by two peninsulae of one level higher strain release on both sides of
the gulf considered.

The strain release pattern in 1960 (s. Fig. 5) shows a southeastern centre
with two secondary maxima, one north of Rhodes Island and the other in
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Fig. 5.— Strain - Release Pattern in the Area of Greece in 1960.
the east of Crete, i.e. south of Kasos and Karpathos. The strain release at
the two highs dropped in 1960 close to the level of the annual average rate

(0.12 X 10" (ergs) /2). The 1959 well expressed high southwestwards of Zante
and the secondary high across the Albania coast at the 41° latitude disap-
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peared and another high developed one degree southwards of Prespa Lake.
The strain released in the new high of the western centre reached on May 26,
1960, due to a shock of magnitude 6!/, (40.6° N, 20.6° E), a level 3 times
higher than the average. The transient centre in the Gulf of Salonica shifted
on July 13, 1960, over the Chalcidike (40.6° N, 23.4° E) in the form of an
axe arising from the large western centre. The strain released in the Chalci-
dike centre, in spite of two shocks of magnitude 5 !/, and 5 */,, remained at
the same level. A transient centre at the level of one half of the annual
maximum average rate appeared on December 28 - 29, 1960, with two shocks
of magnitude 5!/, in the west of Crete, southwards of Peloponnesus (35.0°
N, 22.3° E; 35.5° N, 22.6° E). However, this new centre was not large
enough to connect the two main features of the strain release pattern.

The southeastern centre of higher strain release shifted in 1961 (s. Fig. 6)
to the southeastern coast of Rhodes Island. An intermediate shock of magnitude
6!/, on May 23, 1961 (36.8° N, 28.7° E) raised the tectonic flux in the Rhodes
centre to a level about two times higher than the average. The western centre,
in spite of two shocks of magnitude 5 '/, and 5 !/, on January 7, 1961 (37.6°N,
20.8° E) and on July 19, 1961 (37.8° N, 20.1° E) respectively, is vaguely
expressed in the level of */, of the average, but due to a shock of magnitude
52/, on October 2, 1961 (37.0° N, 22.0° E) is well connected with the Rhodes
centre. A large transient centre developed between Chios and Dardanelia in
the place of the normal northen tongue of the southeastern centre. Due to a
shock of magnitude 5 !/, on November 28, 1961 (39.5° N, 26.3° E) the strain
release in the transient centre reached a level equal to the annual average
found for the region. A secondary centre, separated from the main western
centre, is vaguely outlined in Albania, northwestwards of Ochrida Lake.
In spite of a shock of magnitude 5!/, on June 22, 1961 (42.4° N, 19.3° E),
the strain release in this centre remained 3 times lower than the annual aver-
age. The small secondary centre in the channel of Trikkeri, evolved after
an intermediate shock of magnitude 5'/, on January 28, 1961 (39.3° N,
22.0° E), is hardly expressed in the level of one half of the annual average.
The gulf of the lower earthquake activity is well developed between the
northeasterly large extension of the western centre and the Chios-Dardanelia

centre.
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Fig. 6.— Strain - Release Pattern in the Area of Greece in 1961.

CONCLUSION

It is out of question that the dynamic representation of seismic activ-
ity in four successive years —which are available for the present time— do
not cover a time interval long enough to reveal the law, if any, of the shift
of the earthquake centres along the large fault zone, which marks the marginal
geosyncline being now in the course of development in the eastern Mediterra-
nean. However, the existence of two permanent centres in the western and
southeastern coasts of Greece makes fairly clear that the forces responsible
for the strain accumulation in the area of Greece are more active in the region



SYNEAPIA THX 25 ®EBPOYAPIOY 1965 77

of Zante-Cephalonia-Leukas, as well asin the region of Kos, Karpathos and
Rhodes. From the set of strain release maps available it seems that the two
permanent centres from time to time stretch out long tongues which soon
develop secondary or transient centres. At the same time the activity in the
permanent centres slows down. In general the maps of annual strain release
seem to bear a qualitative resemblance to weather maps, the variations and
changes in the annual strain release patterns reflecting the deformation and
flow of matter in the upper mantle, where convection may oceur.
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HEPITAHWIZXE

Eig iy mponyouuévyy épyasiov tob A. ledavormodrov (1963) dvertiybn wio
véo puébadog dmetxovicews g oeopixic Spacews 3t iooevepyeTingy xapnTUAGY, éni
T Paoer 8¢ e webédov Tadtng xateoxcuaslnoay dVo ydptal THe ceiopxic Suva-
wixbryros o5 ‘EMyvixod Xdpov Suk tag meprédoug 1710 - 1959 xad 1841 - 1959.
PAmd Ty Sudtadly T@Y LG0evEpYETIRGY RAUTVAGY clg dppoTépous Tovg YdpTag TOV-
toug dmedelyfy 611 1O peyahdtepov wépos T celopixilc vepyetac, #) dmola Eheule-
pobran el tov ‘ENkvixdv Xdpov xare tetpaywvindy polpay eic 100 &rq mpoépyeron
dmd dbo woévipo celopind x€vtpa Evtovou dpdoenc, To 6mola edplonovral xuTo i-
%05 THg peydAng pniryevols Lwvng, frig meptBddiet Tag dutixdg xal votioug dntdc
e ‘EMddog. Eixdlerar &t 9 Lavn abry elvan mapdhhnhog Tpos tov &Eova Evog véou
TepLpeptnol YemouyxAivou, T6 Grotov edploxetar év EEehilel év 17 " Avatohn]) Meoo-
velw, dmd Ty mopovstay 8¢ clg v Lhvny Tadtyy dbo povigwy xévtpwy Evtévoy oeL-
opiig Spdoewe oupmepaivetal Tt al dpoyeveTukal duvdyers, ol 6molon elvar HredBuvor
S Ty cusehpeucy EAusTix@y Tdoewy eig Tov EAdnvixov Xaépov, clvat meproas-
Tepov évepyol cic Thy meploydy ZaxdvBou - Keparivviag - Asuxddog ol eig tiv vo-

Ty meproyiy ol Alyalov iy dplopévyy amd tag vieoug Ké, Pédov xal Kdpmabov.
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AV Eva mepoutépny Eheyyov Tic dbomiotiog T dvetépw celopixiic cixdvoc, ol
ouyypapels mapouastalouy eig TV mapoloay dpyaciay celpay Spotwy yapTdY pé loo-
evepyeTindg xapmihas s Sradoyina Ern. Of ydprton obror éugavilouv dprouévac Ae-
mropepetag elg Ty &wd Etous elg Evog puetafBohy Tig Béoenc TGV celoUXGY XEVTPGY,
al 6moton GTmoxdADTTTOLY THY PEONOYLXNY GUUTEPLPOPAY THG ~AATIXTE TTLYWGEWS Elg
7oy ‘EMvixov Xépov. *Amd miv celpay yaptdv étnotug ceopixiic Spdosweg, TV
6molay mapovatdalouwy of cuyypageic Suk v meplodov 1958 - 1961, gaiverar &ru dmd
7o dbo mpwrebovta celopmixd xévTpa, T& AetTovpyolvta povipws elg Tov ‘EAAmvixdy
Xapoy, Entetvovrar amd xoupol elg xaupdv Empixels YAGGoaL, ol 6motol TAYEWS
gEeMaoovtar elg Seutepelovta 3 TpocwEWE celapId xévTpa &vTbvou dpdocme. Kata
TV yebvoy Tobtov ) celopixy dpdoig elg Ta pévipwa xévrpa edploxetan év Hpéael.
Mera v EEapdviow TGV Seutepeubvtey ®évtpwy 1 celopixd) Spdolg dvalonmupolTat
xato pHrog g pnbryevots {dvig, 1) émota gihofevel Ta Vo wovipa oeopxa xévTpa.
Tevixéc of ydprar dmnotac &xhdoewe Ehaotindv Tacewy &v 1@ ‘Eavnd Xope
Seuxviouy TotoTdy GpotbTnTa TEds Tobdg YApTHG Xotpod, gaivetol 8¢ GTL dvTIXaTO-
nrpilouy o ayédiov potic Hmoyetwy pevpdtwy petagopis, Ta dmola QalveTal Vo dve-
nrTiccWYTOL Elc TOV GvdTepoy wavdbay, émwg xal of loomopuxol ydptar tong érnatag
petaPoliic TéY yewwayvyTiedy ototyetwy, of bmotolr— d¢ moTedeTon YeVKde — dvTL-
xaronttptlouv 1O ayédiov potic TGY xuxhopopodvtay eig Tov TupTvae THg g HAexTpr-

BV SOPEVPATY.
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